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Preface

Most surgical oncology textbooks are distillations of the current literature that guide
us in treatment decisions and clinical practice. They are reliable, practical, and
comprehensive pictures of where our field stands. But how do we push forward?
Major unresolved questions persist in the oncologic world despite tremendous
strides in recent years. How do we address these and continue our advancement?

Comparative effectiveness research (CER) is a relatively new name for an old
concept. By the Institute of Medicine’s definition, it is the synthesis of evidence that
compares the benefits and harms of alternative methods to prevent, diagnose, treat,
and monitor a clinical condition or to improve the delivery of care. Though
randomized controlled trials function as our gold standard, we must often, for a
variety of reasons, look to alternative CER techniques for answers. These
approaches may include well-conducted retrospective cohort studies from cancer
registries and other data sources, decision and cost-effectiveness analyses, and other
novel methodologies.

This book lays out the current critical questions for a variety of solid-organ
malignancies, identifies the barriers to obtaining high-level evidence, and proposes
potential approaches to the fundamental questions of each disease.

We would like to recognize the creativity and expertise demonstrated by all of
the authors. While other textbooks require an intimate knowledge of a particular
malignancy, this book also required the authors to imagine solutions to the most
fundamental questions in their field. We believe that it is this type of progressive
thinking and research that will spur the evolution of surgical oncology.

Karl Y. Bilimoria
Christina A. Minami

David M. Mahvi
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Approaches to Answering Critical CER
Questions

Christine V. Kinnier, Jeanette W. Chung and Karl Y. Bilimoria

Abstract

While randomized controlled trials (RCTs) are the gold standard for research,
many research questions cannot be ethically and practically answered using an
RCT. Comparative effectiveness research (CER) techniques are often better
suited than RCTs to address the effects of an intervention under routine care
conditions, an outcome otherwise known as effectiveness. CER research
techniques covered in this section include: effectiveness-oriented experimental
studies such as pragmatic trials and cluster randomized trials, treatment response
heterogeneity, observational and database studies including adjustment tech-
niques such as sensitivity analysis and propensity score analysis, systematic
reviews and meta-analysis, decision analysis, and cost effectiveness analysis.
Each section describes the technique and covers the strengths and weaknesses of
the approach.
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1 Introduction

Significant advances in evidence-based medicine have occurred over the past two
decades, but segments of medical care are still practiced without underlying sci-
entific evidence. Many practice patterns are so firmly established as the standard of
care that a randomized controlled trial (RCT) would be unethical. Where evidence
from RCTs exist, the study population is narrow and not easily applicable to most
patients. Finally, multiple treatments are firmly engrained in clinical practice and
have never been rigorously questioned.

Answering most of these knowledge gaps with an RCT, however, would be
unethical, impractical, or dissimilar to routine care. In the last case, this is because
an RCT is concerned with measuring efficacy: the effect of an intervention as
compared to placebo when all other variables are held constant. In other words, an
RCT creates a study environment in which outcome differences are most attribut-
able to the intervention. While RCTs accurately identify treatment effects under
ideal conditions, patients do not receive their routine care under those conditions.
When it comes to routine patient care, physicians are less interested in efficacy than
effectiveness: the effect of an intervention under routine care conditions. In order to
study effectiveness, health care investigators have developed a toolbox of alterna-
tive techniques, known collectively as comparative effectiveness research (CER).

2 C.V. Kinnier et al.



Both researchers and policy agencies have recognized the power of studying
effectiveness. The 2009 government stimulus package allocated $1.1 billion to CER
[1]. The following year, the Affordable Care Act proposed multiple health care
reforms to improve the value of the United States health care system. These reforms
included the foundation of the Patient-Centered Outcomes Research Institute
(PCORI), a publically funded, non-governmental institute charged with conducting
and funding CER projects [2]. As a result, funding for CER has grown substantially
in the past 5 years.

2 Randomized Controlled Trials: Limitations
and Alternatives

RCTs are the gold standard of medical research because they measure treatment
efficacy, but they remain dissimilar to routine care and are impractical under many
circumstances. First, RCTs are often prohibitively expensive and time consuming.
One study reported that Phase III, National Institutes of Health-funded RCTs cost an
average of $12 million per trial [3]. RCTs also take years to organize, run, and
publish. Consequently, results may be outdated by publication. Second, some events
or complications are so infrequent that enrolling a sufficiently large study population
would be impractical. Third, clinical experts working from high-volume hospitals
follow RCT participants closely in order to improve study follow-up and treatment
adherence. Following study conclusion, however, routine patients receiving routine
care may not achieve the same level of treatment adherence. Therefore study out-
comes and routine care outcomes for the same intervention may differ substantially.
Fourth, and perhaps most importantly, RCTs are restricted to a narrow patient
population and a limited number of study interventions and outcomes. These nec-
essary restrictions also restrict the broad applicability of RCT results.

Clearly investigators cannot rely solely on RCTs to address the unanswered
questions in surgical oncology. CER techniques offer multiple alternatives. We will
introduce these approaches here and then describe each technique in more detail
throughout the series.

3 Experimental Studies

The term “clinical trials” evokes images of blinded, randomized patients receiving
treatment from blinded professionals in a highly specialized setting. These RCTs
are highly sensitive to the efficacy of the intervention under investigation. In other
words, an intervention is most likely to demonstrate benefit in a setting where
patients have few confounding medical diagnoses, every dose or interaction is
monitored, and patients are followed closely over the study period. Unfortunately,
RCTs are often prohibitively expensive and require many years to plan and
complete. Furthermore, a medication that is efficacious during a highly-monitored
RCT may prove ineffective during routine care where patients more frequently

Approaches to Answering Critical CER Questions 3



self-discontinue treatment due to unpleasant side effects or inconvenience. Clinical
trials performed with the comparative effectiveness mindset aim to address some of
these limitations.

3.1 Pragmatic Trials

Due to the constraints of an RCT, results may not be valid outside the trial
framework. Pragmatic trials attempt to address this limition in external validity by
testing an intervention under routine conditions in a heterogeneous patient popu-
lation. These routine conditions may include a broad range of adjustments. First,
pragmatic trials may have broad inclusion criteria; ideally trial patients are only
excluded if they are not intervention candidates outside of the study. Second, the
intervention may be compared to routine practice, and clinicians and patients may
not be blinded. This approach accepts that placebo effect may augment intervention
outcomes when used in routine practice. Third, pragmatic trials may use routine
clinic staff rather than topic experts, and staff may be encouraged to adjust the
medication or intervention as they would in routine practice. Fourth, patient-
reported outcomes may be measured in addition to—or instead of—traditional
outcomes. Finally, patients are usually analyzed according to their assigned inter-
vention arm; this is also known as intention-to-treat analysis. Pragmatic trials may
range anywhere along this spectrum: on one end, an otherwise traditional RCT may
use an intention-to-treat analysis; on the other, investigators may aim to conduct the
study under completely routine circumstances with the exception of intervention
randomization. The investigators must determine what level of pragmatism is
appropriate for their particular research question.

Pragmatic trials help determine medication or intervention effectiveness in a
more realistic clinical setting. The adjustments that make pragmatic trials more
realistic, however, also create limitations. Pragmatic studies are conducted under
routine clinical circumstances, so an intervention that is effective in a large, well-
funded private clinic may not be equally effective in a safety-net clinic. Therefore,
clinicians must consider the study setting before instituting similar changes in their
own practice. In addition, pragmatic trials include a broad range of eligible patients
and consequently contain significant patient heterogeneity. This heterogeneity may
dilute the treatment effect and necessitate large sample sizes and extended follow-
up periods to achieve adequate statistical power. This may then inflate study cost
and counterbalance any money saved by conducting the trial in a routine clinic with
routine staff.

3.2 Cluster Randomized Trials

Cluster randomized trials (CRTs) are defined by the randomization of patients by
group or practice site rather than by individual. Beyond group randomization, CRTs
may use either traditional RCT techniques or pragmatic trial techniques. Group

4 C.V. Kinnier et al.



level randomization has multiple effects. Group contamination is uncommon since
participants are less likely to know study participants from other sites. This makes
CRTs ideally suited for interventions that are organizational, policy-based, or
provider-directed. With these education or resource-based interventions, well-
intentioned participants or physicians may distribute information to control-arm
participants without the investigator’s knowledge. Risks of cross contamination are
significantly lowered when participants from different study arms are separated by
site and less likely to know one another. Group randomization also better simulates
real-world practice since a single practice usually follows the same treatment
protocol for most of its patients. Finally, physicians and clinic staff can be educated
on the site-specific intervention and then care for patients under relatively routine
circumstances. In some circumstances this may help to coordinate blinding, mini-
mize paperwork, and reduce infrastructure and personnel demands.

Clustered patient randomization, however, introduces analytical barriers.
Patients often choose clinics for a specific reason, so patient populations may differ
more among clinics than within clinics. Furthermore, differences may not be easily
measurable (e.g., patients may differ significantly in how much education they
expect and receive prior to starting a new medication), so adjusting for these
differences may be difficult during analysis. Consequently, cluster randomization
requires hierarchical modeling to account for similarities within groups and dif-
ferences between groups, but hierarchical modeling produces wider confidence
intervals. As with pragmatic trials, this may require increases in subject number and
follow-up time in order to detect clinically significant outcome differences.
Unfortunately, individual participant enrollment is usually limited within each
cluster, so increasing a trial’s statistical power usually requires enrollment of
additional clusters.

3.3 Adaptive Trials

Due to a history of unethical research, like the Tuskegee Syphilis Study, RCTs now
undergo multiple interim analyses [4]. These routine evaluations check for interim
results that may make trial continuation unethical, such as changes in routine care,
early and robust outcome differences, or failure to see outcome differences where
expected. Early termination prevents the inferior outcome group from suffering
further harm.

Simply initiating an RCT, however, requires significant time, funding, and
energy. Rather than terminating a trial, adaptive trials take advantage of interim
analyses to adjust the trial conditions or outcomes and address further treatment
questions. Changes to adaptive trials may include adjustments to eligibility criteria,
randomization procedure, treatment dose or duration, or the number of interim
analyses. They may also incorporate the addition of concomitant treatments or
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secondary endpoints. To prevent the introduction of bias, both the adjustments and
the circumstances under which they are introduced must be clearly delineated prior
to trial initiation.

Unblinding the data for interim analysis may introduce bias, so data and
resulting analyses must be sequestered from clinicians and patients still partici-
pating in the trial. Changing a study’s outcomes may also cloak long term results. A
medication that provides significant benefit after one year may have dangerous long
term side effects that will remain unknown if a study is adapted. The investigator
must therefore remember that any planned adaptations may affect important sec-
ondary outcomes.

4 Treatment-Response Heterogeneity

RCTs study the efficacy of a drug at a specific dose and frequency, but patients may
vary widely in their ability to metabolize a medication or their response to a
standard serum level. Furthermore, patient comorbidities may variably affect their
susceptibility to drug side effects. These variations in effectiveness are collectively
known as treatment-response heterogeneity.

There are three major techniques for addressing treatment-response heteroge-
neity. If the affected population and heterogeneity are already known, then a new
trial may stratify patients according to the groups that require investigation and
evaluate for outcome differences. If the affected population and heterogeneity are
unknown, then data from a previous trial may be divided into subgroups and
reanalyzed. This raises a number of analytical issues of which the investigator must
be aware. The original trial may be insufficiently powered to detect differences in
subgroups, especially when those subgroups are small segments of the larger study
population. If the study is sufficiently powered, the investigator must analyze the
subgroups appropriately. Evaluating the treatment effect within a subgroup is not
sufficient to draw conclusions about treatment-response heterogeneity within that
subgroup. Treatment effects within the subgroup must also be compared to
remaining subgroups in order to determine if treatment-response heterogeneity truly
exists within the subgroup of interest as compared to the general population. If
subgroups are too small for formal subgroup analysis, the investigator may simply
check for correlation between the concerning subgroup variable and the treatment.
High correlation between the two suggests treatment-response heterogeneity.

Health care studies have recently employed a fourth technique known as finate
mixture models [5]. These models allow certain covariate coefficients to vary for
patient variables containing treatment-response heterogeneity. While new, this
technique has been used with increasing frequency in health care cost modeling and
is likely to find other applications in coming years.

6 C.V. Kinnier et al.



5 Observational and Database Studies

In contrast to the experimental studies described above, observational and database
studies examine patients and outcomes in the setting of routine care. Observational
studies—which include cohort studies, case-control studies, and cross-sectional
studies—and database studies help generate hypotheses when insufficient evidence
exists to justify a randomized trial or when a randomized trial would be unethical.

5.1 Commonly Used Datasets

Databases are an excellent data repository for large numbers of patients. Data may
be collected retrospectively or prospectively. While many institutions maintain their
own databases to facilitate single institution studies, we will focus here on some
commonly used and readily available national databases that are relevant to surgical
oncology.

The Nationwide Inpatient Sample (NIS) [6] is the largest all-payer, inpatient
database in the United States and is sponsored by the Agency for Healthcare
Research and Quality. Data elements are collected retrospectively from adminis-
trative billing data and include primary and secondary diagnosis codes, procedure
codes, total charges, primary payer, and length of stay. Data collection does not
extend beyond discharge, however, and patient data cannot be linked across
inpatient episodes. This means that even short-term variables like readmission and
30-day mortality cannot be measured. Limited information on patient demographics
and hospital characteristics may be obtained by linking to other databases where
permitted, but additional clinical details are unavailable. Consequently, patient-
level risk adjustment and investigation of clinical complications or intermediate
outcomes are largely impossible. Even with these limitations, the NIS is an all-
payer, inpatient database. This makes the NIS a valuable resource for investigators
interested in care and hospital cost differences associated with insurance coverage
or changes in procedure use over time. Furthermore, NIS data is relatively inex-
pensive and available to any investigator that completes the online training.

The American College of Surgeons National Surgical Quality Improvement
Program (ACS NSQIP) [7] maintains a database of 30-day outcomes for all qual-
ifying operations at ACS NSQIP hospitals. In contrast to the NIS, data elements in
ACS NSQIP are collected prospectively by a trained nurse registrar. This signifi-
cantly improves data quality by minimizing missing data elements and standard-
izing data entry. Data elements include patient demographics and comorbidities,
operative and anesthesia details, preoperative laboratory values and 30-day postop-
erative morbidity and mortality. Hospital participation in NSQIP is voluntary, so
unlike the NIS, ACS NSQIP data skews toward large, well-funded hospitals. Datasets
from the ACS NSQIP are free but only available to ACS NSQIP participants.

Approaches to Answering Critical CER Questions 7



The reach of ACS NSQIP is expanded significantly by linking to the National
Cancer Data Base (NCDB) [8]. The NCDB, is a joint program of the Commission
on Cancer (CoC) and the American Cancer Society. Like ACS NSQIP, the NCDB
is a prospective database collected by trained registrars that provides high quality,
reliable data. The NCDB collects data elements on about 70 % of cancer patients
who receive treatment at a CoC-accredited cancer program. In addition to patient
demographics and tumor characteristics, the database also contains data elements
regarding chemotherapy, radiation, and tumor-specific surgical outcomes that are
not available through the standard ACS NSQIP database. Perhaps most powerfully,
registrars enter 5-year mortality data for all patients in the database. The NCDB is
moderately priced but is publically available once an investigator has completed the
mandatory training. Data linking to the ACS NSQIP database, however, is only
available to investigators from ACS NSQIP hospitals.

The NCDB only collects data from cancer patients who receive care at CoC-
accredited hospitals. Consequently, many minorities are underrepresented within
the NCDB. In order to encourage high quality research on cancer epidemiology, the
National Cancer Institute developed the Surveillance, Epidemiology, and End
Results Program (SEER) [9]. SEER is a prospective database that over-represents
minority cancer patients. For example, SEER samples all cancer patients in Con-
necticut but only collects data on Arizona cancer patients who are Native Ameri-
cans. Like the NCDB, SEER data is also compiled by trained registrars thus making
the data high quality and reliable. SEER elements include patient demographics,
cancer stage, first treatment course, and survival. SEER is publically available
following mandatory training but does have a modest data compilation fee. SEER
may also be linked to cost and payer datapoints through the Medicare database for
an additional price.

While research using each of these databases is associated with its own chal-
lenges, databases remain an excellent resource for large sample, retrospective
research and offer a good starting point for many effectiveness research questions.

5.2 Sensitivity Analysis

Third-party, observational databases like those described above rarely contain the
precise data elements with the precise coding desired by the investigator. Investi-
gators may need to merge data elements to create a new study variable or define
parameters to categorize a continuous data element. These decisions may unin-
tentionally affect analytic results. Investigators can determine whether study results
are robust using sensitivity analysis. An analysis is first run using parameters and
specifications identified by the investigator, and the results are noted. Slight
changes to variable definitions are then made and the analysis is rerun. Substantial
changes in results suggest the results are largely dependent on investigator-selected
parameters and specifications. Conversely, unchanged or similar results suggest the
results are robust.

8 C.V. Kinnier et al.



5.3 Propensity Score Analysis

Observational studies are primarily limited by the absence of randomization. In
routine care, clinicians guide patients towards certain treatments based on the cli-
nician’s experience and the patient’s primary condition and comorbidities. In order
to control for these non-random choices in clinical care, propensity score analysis
(PSA) attempts to match treatment subjects to control subjects with similar traits
that may influence treatment choice and outcome. The investigator first identifies
covariates that are likely to predict which patients received treatment, such as
patient comorbidities or underlying disease severity. Using logistic regression, a
propensity score is then calculated for each subject. Subjects who received treat-
ment are matched to subjects with similar propensity scores who did not receive
treatment, and outcomes for the two subject groups are then compared using
multivariable analysis.

Matching methods vary widely amongst investigators. One-to-one subject
matching, where each subject receiving treatment A is uniquely matched to a single
subject receiving treatment B, is the most common, but multiple treatment B
subjects may be used to improve statistical power. In addition, matching techniques
may either optimize matching for the entire group and thereby minimize the total
within-pair differences in propensity scores, or matching may be optimized for each
patient as they are encountered in the dataset. In the latter case, the within-pair
difference is minimized for the first subject but within-pair differences may increase
as control subjects are progressively assigned to patients in the treatment group. In
some cases, control subjects are replaced so that they can be used as the matched-
pair for multiple treatment subjects, but this must be done uniformly throughout the
matching process.

PSA is most limited by the covariates available in the dataset. For example, if
tumor size is not recorded consistently then tumor size cannot be used to calculate
the propensity score, and treatment differences will not be matched for tumor size.
Conversely, including too many irrelevant covariates during propensity score cal-
culation may minimize differences between groups and produce false negative
results. The investigator must therefore optimize the number of covariates in the
model so that patients are adequately matched but real group differences may be
detected.

5.4 Subgroup Analysis

As mentioned above, PSA corrects for measured confounders in a dataset, but there
is often reason to suspect that unmeasured confounders may be affecting the
analysis. Subgroup analysis is one way to identify whether results have been biased
by unmeasured covariates. There are multiple ways to use subgroup analysis to
identify bias caused by unmeasured covariates; two are described here.
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Observational studies most often compare treatment subjects to control subjects,
but control subjects may include multiple subgroups. For example, if the treatment
of interest is a medication, investigators typically assume that control subjects are
patients who are not currently taking, and have never taken, the medication. But it is
possible that control subjects used the medication in the past but stopped many
years ago (remote users) or used the medication in the past but stopped recently
(recent users). Control subjects may also be actively receiving a similar therapy
using a different class of medications (alternative users). These subgroups can be
leveraged to determine whether the study results are robust. In a typical observa-
tional study interested in complications from a medication, the investigator would
compare the treatment subjects to all control subjects. With subgroup analysis, the
investigator might compare treatment subjects to each control subgroup. Signifi-
cantly different results in each subgroup analysis suggest that unmeasured variables
have affected treatment choice and outcomes. In contrast, similar results in each
subgroup analysis suggest that unmeasured confounders do not exist and the results
are robust. The ability to use this technique largely depends on whether relevant
subgroups exist and whether those subgroups are large enough to detect statistical
differences.

5.5 Instrumental Variable Analysis

Subgroup analysis can detect unmeasured confounders, but in some cases, an
analysis can actually correct for unmeasured confounders using instrumental vari-
able analysis. Instrumental variable analysis essentially simulates randomization in
observational data through the use of an instrument: an unbiased variable that
differentially affects subject exposure or intervention but is uncorrelated with the
measured outcome. Subjects are then grouped by treatment adjusted for the
instrument, and outcomes are evaluated. If outcomes are similar regardless of
instrument group, then treatment does not affect outcomes; if outcomes differ, then
differences in outcomes between instrument groups can be attributed to natural bias
in group assignment.

A well-known example of instrumental variable analysis is the Oregon Medicaid
health experiment. In 2008, Oregon expanded its Medicaid program. Due to
funding limitations, Oregon used a lottery to select the additional individuals who
would receive Medicaid and those who would not. Investigators took advantage of
this natural experiment and used differential access to Medicaid as an instrument.
Investigators then evaluated the effects of Medicaid enrollment on health outcomes
in low-income Oregon residents [10]. Sudden and random policy changes are rare
events, but unbiased instruments can be identified through creative thinking. For
example, distance to a hospital offering partial nephrectomy has been used as an
instrumental variable when evaluating the effect of surgical technique on kidney
cancer outcomes [11].
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Given that instrumental variable analysis can mitigate the effects of unmeasured
confounders, it can be a powerful tool in observational research. Unfortunately, use
of the technique is highly dependent on having a reliable and unbiased instrumental
variable.

6 Systematic Reviews and Meta-Analysis

Large RCTs that produce definitive results are uncommon due to significant funding
and coordination barriers. Frequently, multiple small RCTs will address similar
research questions but produce conflicting or non-significant results. In this case, the
results of these RCTs can be aggregated to produce more definitive answers.

6.1 Systematic Reviews

Multiple RCTs may address the same research topic with results published in
widely varying journals over many years. A systematic review disseminates these
research results more concisely through the methodical and exhaustive evaluation
of current literature on a specific research question. Investigators start with a
research question, or collection of related questions, that are not easily answered by
a single study or review. Medical databases are then searched using precise terms.
High quality systematic reviews search multiple databases covering multiple dis-
ciplines and use redundant and related search terms. While the number of search
terms must be brief enough to keep the number of results manageable, authors
commonly use too few search terms and therefore miss critical articles on the topic
of interest.

Once a list of articles is assembled, each article is carefully screened for eligi-
bility and relevance based on predetermined inclusion and exclusion criteria.
Results should summarize not only study results but also the quality of the study. In
addition to a traditional results section, systematic reviews typically include a table
of articles along with the study results and the level of evidence.

In the surgical community, the CHEST guidelines on venous thromboembolism
prophylaxis are perhaps the most well-known systematic review [12]. In addition,
the Cochrane collaboration is a not-for-profit, independent organization that pro-
duces and publishes systematic reviews on a wide range of healthcare topics, many
relevant to surgery [13]. Unfortunately, systematic reviews are limited by the
current data and they are unable to merge outcomes from multiple small RCTs.
Systematic reviews also become outdated quickly since they do not create any new
data. The quality of the conclusions is also highly dependent on the quality of the
underlying database review. Despite these limitations, systematic reviews are an
effective way to consolidate and disseminate information on a research topic and are
often able to reveal trends in study results that are not visible when presented across
multiple unique publications.
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6.2 Meta-Analysis

Meta-analysis is a form of systematic review in which results from the relevant
publications are combined and analyzed together in order to improve statistical
power and draw new conclusions. To begin, investigators perform a systematic
review, being careful to define the inclusion and exclusion so that study populations
are similar. An effect size is calculated for each study and then an average of the
effect sizes, weighted by sample size, is calculated. If multiple previous but small
studies trended towards an outcome but were not statistically significant, a meta-
analysis may produce clear and statistically significant results. If previous studies
provided conflicting results, a meta-analysis may demonstrate a significant result in
one direction or the other.

A meta-analysis, however, will not necessarily predict the results from a single,
large RCT. This is because the results of the meta-analysis are largely dependent on
the quality of studies. A few, high-quality RCTs will produce more robust results
than multiple, small, low-quality RCTs. In addition, meta-analysis is highly subject
to publication bias. Studies with strong, significant results are more likely to be
published than studies with equivocal or negative outcomes. This can skew meta-
analysis toward a false positive result.

7 Decision Analysis

The comparative effectiveness techniques discussed so far compare one or many
treatment options to one another, but they are not equipped to address treatment
consequences, including the need for additional evaluation and treatment. Decision
analysis attempts to estimate the downstream costs and benefits of these treatment
choices. First, a decision tree is developed that includes initial treatment options as
well as potential outcomes and their impact on future evaluation and treatment
needs. The root of the decision tree will center at either the disease or the sign or
symptom requiring evaluation. The final branches of the decision tree should
terminate with either treatment cessation or cure or with definitive diagnosis of the
sign or symptom in question. The investigator then assigns probabilities to each of
the branch points as well as costs and benefits associated with each step in the
course of treatment or work up. Finally, the maximum expected utility for each
possible pathway in the decision tree is calculated. Some have argued that decision
analysis makes an intuitive process cumbersome and time consuming, but research
repeatedly demonstrates that high quality decision analysis produces more effective
decisions than intuition alone.

The investigator should optimize decision tree usefulness rather than maximize
potential complexity. Keeping the target decision maker in mind helps to identify
which decision points are necessary and which can be collapsed into existing
branches. If the investigator is unsure whether a decision point is necessary, then
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extreme cost and benefit values can be substituted for a questioned decision point. If
the optimal outcome is unaffected, then the decision point is superfluous.

Decision analysis highly depends on assignment of accurate probabilities as well
as costs and benefits. This is most challenging with non-monetary, analog outcomes
such as quality of life or emotional distress. Without realistic estimates, however,
the entire decision analysis will be inaccurate. The burden falls on the analyst to
thoroughly research each treatment branch and estimate costs and benefits based on
the best available data. If sufficient information is not available to develop an
accurate decision analysis, then preliminary studies may be needed before decision
analysis is attempted.

8 Cost Effectiveness Analysis

As more attention is focused on the disproportionate costs of the United States
healthcare system compared to other countries, researchers have attempted to
identify treatments that have the most favorable cost-to-benefit ratio. Investigators
first focus on the costs and health benefits associated with each treatment option for
a particular condition. Costs, at minimum, include the direct costs of the healthcare
for which the provider is reimbursed. They may also include measures of indirect
costs to the provider or the patient such as time or lost work productivity, intangible
costs such as pain or suffering, and future costs. Future costs may relate to addi-
tional disease treatment or may be unrelated to the disease and treatment. Health
benefits are most often measured as a difference in the quality-adjusted life years
attributable to the intervention as compared to an alternative treatment. This mea-
sure accounts for both the expected life years remaining following treatment as well
as the quality of life of those years. The quality of remaining years is usually
discounted over time. For each treatment option, the ratio of total cost to health
benefit is calculated and treatments are compared. The lowest ratio is identified as
the most cost effective treatment, requiring the lowest cost for each quality-adjusted
life year of benefit.

Cost effectiveness analysis is a valuable tool in policy development or insurance
policies that are implemented at the population level. It may also provide some
benefit for an individual who pays for healthcare out of pocket, but clinicians are
unlikely to find cost effectiveness analysis helpful when counseling individual
patients.

9 Conclusion

This chapter provided an overview of common CER techniques. Subsequent
chapters will describe these techniques in further detail and provide examples of
potential applications in surgical oncology. We hope that these examples will
stimulate research ideas and encourage surgical oncologists to embrace CER
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techniques and use them in their own research fields. Interest in effectiveness
research will only increase as policy makers attempt to rein in exponential
healthcare costs in the United States. If surgical oncologists begin using CER
techniques now, they will be well prepared for the culture shift that is already
mounting.
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Abstract

Breast cancer is the most commonly diagnosed cancer among women. To date,
the use of efficacy randomized controlled trials (RCTs) in breast cancer have
resulted in dramatic improvements in oncologic outcomes for this disease.
However, not every question pertinent to breast cancer is amenable to such
efficacy trials. This chapter will discuss some of the unique aspects of breast
cancer that make efficacy RCTs challenging and/or impractical, how comparative
effectiveness research can be used to address these issues, and identify several key
questions which would benefit from ongoing comparative effectiveness research.
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1 Introduction

Breast cancer is the most commonly diagnosed cancer and the second leading cause
of cancer death for women in the United States. As a result of numerous randomized
controlled trials (RCTs) addressing key breast cancer questions, great strides have
been made in the detection, treatment, survival, and quality of life outcomes for this
disease. However, not every question pertinent to breast cancer is amenable to such
efficacy trials. There is also significant uncertainty in how the data generated in the
highly-controlled clinical trial setting translates into “real world” practice. Com-
parative effectiveness studies are the optimal means of addressing both of these
issues, and can generate critical evidence which complements the data generated
through efficacy trials, potentially improving the quality of care we provide breast
cancer patients. This chapter will begin with a brief representation of the critical role
efficacy RCTs have played in breast cancer management, followed by a discussion of
the unique characteristics of breast cancer which make some aspects of care difficult
to assess with a RCT. We will next identify several important issues amenable to
investigation with comparative effectiveness research (CER), and finally, discuss
potential approaches which might lead to high-quality evidence for these issues.

2 The Roles and Limitations of Randomized Controlled
Trials in Breast Cancer Research

Efficacy RCTs have played a critical role in advancing breast cancer care. With the
enrollment of thousands of women across several decades, RCTs have been the
driving force behind current best-practice guidelines for the multidisciplinary
management of breast cancer. These studies were most commonly designed to
compare oncologic endpoints (survival, recurrence, treatment adverse events) in
selected patient populations receiving different therapies. The role of RCTs in
defining the surgical management of breast cancer is especially noteworthy, with
the evolution from the Halstead radical mastectomy to the current option of breast
conserving therapy (BCT) with sentinel lymph node (SLN) biopsy (Fig. 1). The
majority of these surgical trials have focused on overall survival and local recur-
rence. However, many surgical breast RCTs have increasingly incorporated alter-
native patient-centered outcomes, such as quality of life, [1] physical function, [2]
and arm range of motion. [3].

However, even as we acknowledge the important role of RCTs in defining the
management of modern breast cancer, it is important to recognize their limitations.
RCTs are conducted within a tightly controlled environment with strict inclusion
and exclusion criteria. Practically speaking, this may result in the exclusion of
patients with unfavorable baseline characteristics, such as significant comorbidities
or advanced age. As an example, in National Surgical Adjuvant Breast and Bowel
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Project (NSABP)-B06, the clinical trial which defined our current surgical man-
agement of breast cancer, women over the age of 70 were excluded. Given
that *40 % of current breast cancer diagnoses occur in women over the age of 70,
[4] exclusion criteria such as these have the potential to limit clinicians’ ability to
apply trial findings to real-life patient populations. Similarly, RCTs require strict
adherence to treatment protocols, and may include central auditing of pathology
and imaging findings, surgical credentialing, and enhanced patient follow-up;
however, many of these components may be altered or omitted as these treatments
are implemented in clinical practice, potentially impacting outcomes observed. In
contrast to the highly-controlled environment of efficacy trials, effectiveness
research provides insight into treatment effects under ‘real-world’ conditions, which
may differ substantially from the trial setting.

There are also a number of factors specific to surgery which make conducting
RCTs challenging. In general, the field of surgery has traditionally depended less on
RCTs to test new surgical interventions compared to other aspects of medicine, such
as clinical drug trials. Consequently, many new surgical techniques (especially those
that represent a less invasive or morbid approach) are disseminated into clinical
practice prior to any RCT data supporting their efficacy or safety, making it chal-
lenging to then generate the supporting data. A pertinent example of this is the SLN
biopsy for breast cancer. The SLN biopsy for breast cancer was first described in two
small, single-institution studies [5, 6]. In 1999, a RCT began with the intent to
validate the SLN biopsy concept [7]. Patients were randomized to SLN biopsy
followed by either immediate axillary lymph node dissection (ALND) versus ALND
only if the sentinel node was positive. Ultimately, this trial, reported in 2010,
demonstrated equivalent overall and disease-free survival as well as regional control
with a SLN biopsy [7]. However, in the intervening years between trial initiation and
reporting of results, the practice of SLN biopsy became broadly incorporated into
standard breast surgery practice, with 59 % of early stage breast cancer patients
undergoing SLN biopsy rather than ALND by 2004 [8]. Although the NSABP-B32
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Fig. 1 Impact of efficacy randomized controlled trials on the surgical management of breast
cancer (select trials represented)
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trial definitively validates the SLN concept, its practical role was to support the
standard of care clinical practice already in place rather than inform practice change.

Additionally, accomplishing randomization in surgical trials can be challenging,
as both patients and surgeons dislike the idea of random allocation to a treatment
arm. In the era of active patient participation in therapeutic decision-making,
patients often resist randomization between surgical treatments, especially if one
represents a less invasive therapeutic option. Addressing surgeon biases regarding
treatment allocation is equally challenging, as surgeons have their own personal
preferences regarding what may be the best treatment option for their patients and a
particular familiarity with a given procedure as part of their skill set. Surgeons may
be reluctant to recommend enrollment in a clinical trial when they view one of the
trial arms more favorably or view the risks of randomization as unacceptably high.
Several examples of patient and provider bias can be seen in the execution of prior
RCTs in breast cancer. For example:

• American College of Surgeons Oncology Group (ACOSOG) Z0011: This study
examined whether ALND is necessary after positive SLN biopsy in women
undergoing BCT for invasive breast cancer. Women with positive SLNs were
randomized to completion axillary dissection versus observation, and overall sur-
vival and local recurrence was determined to be similar between the two groups [9,
10]. Target enrollment was 1,900 patients; however, the study closed early due to
lower than expected accrual (<50 % of target) and event rates. This trial began
accrual in 1999, at a time when the SLN concept was still being disseminated into
wide-spread clinical practice [8]. The timing of trial initiation is likely one factor that
influenced the slow accrual, as it may reflect surgeons’ reluctance to enroll patients
on a trial that avoided an ALND for node positive patients when many were still
performing an ALND for even clinically node negative patients. This concept of
surgeon bias is further indirectly supported by the low volume axillary disease of
patients enrolled in the trial (*40 % with micrometastases), supporting that sur-
geons selectively enrolled their very low risk patients in the trial [9, 10]. As a result
of this clinical trial,womenundergoing breast conservationwith 1 or 2 positiveSLN
may be spared a completion ALND. However, the selective accrual of “low-risk”
patients to this trial limits the patient populations these findings can be applied to.

• Cancer and Leukemia Group B C9343: This study evaluated patients >70 years
of age undergoing BCT to determine whether whole-breast radiation along with
tamoxifen improved outcomes compared to tamoxifen alone [11]. Outcomes
(recurrence, overall survival) were similar between the groups, and omitting
radiation from the adjuvant treatment of women over the age of 70 is now a
standard of care option for appropriate women. It is noteworthy that at initiation
of the trial, eligibility criteria included T1 or T2 (tumors up to 4 cm) with no
restrictions on estrogen receptor (ER) status. However, “in an attempt to broaden
participation by physicians concerned about the upper size limit”, eligibility
criteria was changed to limit tumor size to 2 cm and require ER status to be
positive or unknown. Following this change, accrual was rapidly completed. Of
note, at accrual completion, only 14 of 636 women had T2 tumors, and only ten
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were ER negative [11]. As a result of this clinical trial, women over the age of 70
may consider omitting radiation from their breast conservation treatment plan,
although the applicability of this study’s findings is limited to a small subset of
the older breast cancer patient population due to its strict inclusion criteria.

These examples highlight the challenges associated with randomization in sur-
gical trials, as well as how surgeon bias can affect trial accrual and even lead to
early trial closure. Ultimately, these issues will impact generalizability of the
clinical trial to the real world setting.

3 Breast Cancer-Specific Limitations to Efficacy Trials

In addition to the general challenges associated with conducting RCTs, there are a
number of unique characteristics associated with breast cancer which make some
aspects of care difficult to assess with a RCT (Table 1). These largely reflect our

Table 1 Limitations of efficacy randomized controlled trials in breast cancer and possible
solutions provided by comparative effectiveness research

Challenges to performing RCT in
breast cancer

Use of CER to overcome challenges

Improved
outcomes
(survival,
recurrence)

Large number of patients required
to identify small differences in
oncologic outcomes

Retrospective evaluation of large
data sets (i.e. administrative data,
etc.)

Extended follow-up period to
assess delayed outcomes

Meta-analysis to evaluate pooled
data

Often prohibitively time and
financially intensive, given
favorable overall prognosis

Decision-modeling to evaluate
theoretical outcomes associated
with different options

Discrepancy between outcomes in
clinical trial and real life

Pragmatic clinical trials to evaluate
real life outcomes with
incorporation of patient-centered
outcomes

Improved outcomes may increase
relative importance of other
patient-centered outcomes (see
below) as surrogate endpoints

Patient
preferences

Breast cancer management
especially preference-sensitive

Retrospective evaluation of large
data (avoids need for randomization
but requires selection bias controls)

Patients may resist randomization if
not aligned with their values

Use of qualitative research
to explore patient values

Some questions not amenable to
randomization

Development of validated decision
aids

Patient-
centered
outcomes

Few validated tools for objective
measurement of outcomes

Expanded research to develop tools
assessing outcomes valued by
stakeholders

Subjective and objective measures
may not correlate

Qualitative research methods to
explore stakeholder values
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success in treating breast cancer (with an associated improved survival) and the
increasing role patients and their preferences play in treatment decision-making.

Implications of Prolonged Survival: With improvements in cancer detection and
treatment, the prognosis for breast cancer patients has markedly improved in the
past 20 years. The 3-year survival for the 3 million breast cancer survivors currently
living in the United States exceeds 97 % for localized (node negative) and 84 % for
regional (node positive) disease (Fig. 2) [4]. The increased overall survival and
decreased local recurrence associated with modern breast cancer treatment repre-
sents a challenge in conducting efficacy RCTs, as predicted differences between
treatment groups will be small and require an extended period of follow-up to
identify. Conducting such trials would therefore require large patient cohorts to
have adequate power which will be prohibitively expensive and time-intensive, and
may not yield a meaningful clinical outcome.

One option to address this challenge is to limit inclusion criteria for clinical trials
to select “higher-risk” sub-groups for whom differences may be more easily
observed. However, such inclusion criteria may increase the difficulty in patient
accrual, and would not represent a feasible method for studying processes with high
cure rates like DCIS.

Patient Preference: When compared to other cancers, decision-making sur-
rounding breast cancer management is especially preference-sensitive (decisions
regarding mastectomy versus breast conservation, reconstruction choices, etc.).
These preferences may also determine how patients perceive and ultimately decide

Fig. 2 5-Year Breast Cancer Survival by Cancer Stage [4]
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to participate in, a clinic trial. Investigators must therefore address this in their trial
design to ensure adequate trial accrual. For example, NSABP-06 randomized
women between one of the three treatment arms: mastectomy, segmental mastec-
tomy followed by breast irradiation, or segmental mastectomy alone. These treat-
ment arms represent therapies with relevant differences in patient-centered
outcomes including quality of life and body image. In recognition of the challenges
to randomly assigning women to one of these very different arms, investigators
designed the trial using a “pre-randomization” technique. After assessing women
for eligibility this study, patients were pre-assigned to one of the treatment groups.
Patients were then approached for participation and disclosure of their pre-ran-
domization arm was included in the consent process. Only patients who accepted
their pre-assigned therapy and provided informed consent were enrolled in the trial.
A total of 2,024 women were randomized to the three treatment arms. Despite these
measures, the assigned treatment was still refused by 175 patients, with 78 refusing
mastectomy, 55 refusing segmental mastectomy plus breast irradiation, and 41
refusing segmental mastectomy alone [12]. Overall, however, this “pre-randomi-
zation” design allowed patients to consider their personal preferences for treatment
when deciding whether to participate in the trial and allowed successful completion
of the trial, which defines our current standard of care for breast cancer surgery.

In addition to representing a challenge to trial accrual, patient preference limits to
some degree what types of questions can be answered in efficacy trials, as ran-
domization for many questions may be either unethical or not feasible. One pertinent
example is examining outcomes of risk-reducing surgery for women at elevated risk
of developing breast cancer (i.e. BRCA1 and BRCA2 mutation carriers). To date,
there is no level 1 evidence supporting a survival benefit to risk-reducing surgery,
and the necessary study is unlikely to ever occur given the ethics associated with
randomizing high-risk women in such a preference–laden scenario. Other examples
of clinical questions unlikely to be answered through efficacy RCTs include con-
sideration of the role of contralateral mastectomy for women with a new cancer
diagnosis and outcomes after different types of post-mastectomy reconstructive
procedures.

Studying Patient-Centered Outcomes: With the improvement in recurrence and
survival observed in breast cancer, increasing emphasis has been placed on alter-
native patient-centered outcomes such as range of motion, quality of life, sexual
function, cosmesis, and patient satisfaction. These outcomes can be negatively
impacted by the breast cancer treatment administered, and are highly valued by
breast cancer survivors. Unfortunately, it can be challenging to measure these
outcomes as appropriate and sensitive tools are not always available. Additionally,
the relative importance of many of these outcomes may vary based on the indi-
vidual patient, and objective and subjective measures of the same outcome may not
correlate. For example, in a prospective study of lymphedema in women who
underwent SLN biopsy or an ALND, significant differences were observed in the
rates of patient-reported (subjective) and objectively measured lymphedema [13].
Further, many survivors with objectively measured changes in limb volume did not
report having clinical symptoms of lymphedema. This example highlights some of
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the challenges associated with evaluating patient-centered outcomes and even
defining what outcomes should be measured.

Further, understanding patient satisfaction in relation to surgical decision-mak-
ing, reconstruction, and cosmesis is in its infancy. Although reconstruction plays a
key role in patient satisfaction for their surgical breast cancer treatment, it has no
effect on cancer recurrence or survival and is therefore rarely reported in RCTs.
Assessment of cosmetic outcome is extremely challenging and difficult to quantify,
although robustly validated measurement tools are becoming more readily available
[14]. Patients’ assessment of their cosmetic outcome is heavily impacted by pre-
operative expectations and their overall satisfaction with their cancer care, resulting
in possible discordance between objective and subjective measures. Finally, there
are notably wide regional, socio-economic, and demographic variations in rates of
breast reconstruction after mastectomy that are poorly understood. Although these
variations are likely multi-factorial, patient preferences and values play an impor-
tant role in patient decision-making for reconstruction and the differences in pri-
orities between different populations represent an additional challenge in assessing
these and similar outcomes.

4 Breast Cancer Clinical Questions Amenable
to Comparative Effectiveness Research

In day-to-day practice, physicians routinely encounter clinical questions about breast
cancer care which have not been satisfactorily addressed with RCT data and are
unlikely to be ever addressed in this manner. However, many of these questions may
be appropriate to examine using CER methodologies. Summarized below are several
key clinical questions in breast cancer which do not currently have RCT-based
evidence available to guide decision-making. We will discuss why these particular
questions are important to address as we strive to improve the quality of care we
provide breast cancer patients, examine why they are not amenable to study using
typical efficacy trials, and explore how these questions may be approached from a
CER perspective.

Breast Cancer Screening: Significant controversy surrounds the recent recom-
mendation from the United States Preventive Services Task Force (USPSTF) that
routine screening mammography for average-risk women begin at age 50 [15]. The
rationale for this recommendation stems from the lower rate of breast cancer and the
higher rate of false positive results in women under the age of 50. Significant
controversy exists, however, because mammography represents a low-cost, non-
invasive screening tool. In addition, recommendations represent those for the
average woman, and specific guidance is not providing regarding how to adapt
these guidelines for subgroups of women at increased risk of breast cancer (i.e.
those with a strong family history). While several RCTs have been completed
comparing mammography to no intervention [16] and found a statistically signif-
icant mortality benefit, these studies were not powered to evaluate the benefits of
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mammography for patients based on individual risk factors. Given our relatively
limited ability to identify younger women at high risk of breast cancer who may
benefit from initiation of earlier screening, critics of the new guidelines feel that
screening of the entire population is warranted to minimize the incidence of missed
cancers. Given the wide-spread acceptance by both clinicians and women of the
importance of mammography in breast cancer screening, the question of whether or
not to screen women under the age of 50 with mammography will never be
addressed in a RCT, making it appropriate for a comparative effectiveness
approach. This question could be addressed through a number of mechanisms. One
option would be to perform observational or retrospectives studies using existing
data sources, such as mammography registries. These often include more detailed
information on individual risk factors than is available through cancer registry data
(such as SEER) making these registries a rich data source. Systematic reviews
represent one alternative approach. As an example, a recent meta-analysis of more
than 60 studies sought to identify risk factors associated with increased risk of
breast cancer in women ages 40–49 [15]. Although these systematic reviews are
limited to data available in the studies included, this review was able to identify risk
factors associated with 1.0–1.5, 1.5–2.0, or greater than 2.0- fold increased risk for
invasive carcinoma which could then be used to guide screening decisions for
younger women. Modeling techniques such as decision-analysis or cost-effective-
ness analysis are another feasible approach. In a study by Schousboe et al. [17]
mammography was found to be beneficial both in terms of quality-adjusted life
years and cost-effectiveness for younger women who had either dense breasts or
both a family history of breast cancer and personal history of breast biopsy. This
study utilized data from the SEER program as well as the Breast Cancer Surveil-
lance Consortium. These types of study design represent the most practical way to
assess the impacts of discrete risk factors on breast cancer risk and subsequent
potential benefit of screening mammography, and may guide the development of
more individualized mammography screening recommendations.

Management of DCIS: With improved imaging techniques, diagnosis of DCIS
has increased throughout the past two decades. While DCIS represents a pre-
cancerous lesion, there is a range of histology and cell biology within this category
and some risk of eventual conversion to invasive carcinoma. Unfortunately, data is
scant on long-term outcomes for the various grades of DCIS and we are currently
unable to predict which patients, if untreated, will progress to invasive cancer and
which patients have a clinically insignificant lesion. Patients are therefore generally
treated as a homogenous group with local surgical control, often combined with
radiation and risk-reducing endocrine therapy. Given the excellent overall prog-
nosis of patients with DCIS, the challenge lies in identifying not only statistically
but also clinically significant differences in outcomes between various treatment
approaches, applying these approaches to different subgroups of patients, and then
incorporating patients’ personal values into subsequent treatment decision-making.
For example, although radiation after BCT decreases the risk of local recurrence, it
has a limited impact on overall survival. Further, it may result in poorer cosmetic
outcomes, increase the risk of lymphedema, limit future treatment options should
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cancer recur, and represents a significant time commitment on the part of the patient
(with potential financial repercussions if radiation therapy appointments interfere
with her ability to work). These patient-centered outcomes, although they factor
into patient decision-making, are difficult to incorporate into traditional efficacy trial
designs and make this question especially amenable to CER. The issue of man-
agement of DCIS has been addressed in a number of CER studies. A recent pub-
lication by Soeteman et al. [18] created a disease simulation model for six possible
treatments of DCIS, utilizing outcome data from well-executed RCTs. Based on the
grade of DCIS (low, intermediate, high) and simulated age at the time of diagnosis,
the team identified the degree of benefit conferred by each therapeutic option in
terms of breast preservation and disease-free, invasive disease-free and overall
survival for a hypothetical patient. They found that overall, the survival benefits
associated with different therapeutic approaches to management of DCIS were
comparable, with the maximum difference in survival between therapeutic options
estimated to be 12 months. Given that this could be perceived as a clinically “less
significant” difference, the authors suggested therapy for DCIS could be tailored
based on patient values, including preferences for breast preservation and/or their
wish to avoid a recurrence.

A second example of CER and DCIS utilized SEER-Medicare data to evaluate
outcomes for older women who underwent lumpectomy with or without radiation
[19]. The team identified more than 3,400 women ≥65 years of age who underwent
lumpectomy with or without radiation therapy for DCIS. Additional data were
collected to evaluate high-risk features (age 66–69 years, tumor ≥2.5 cm, comedo-
and/or high-grade histology). Patients were then followed to determine whether
they experienced an ipsilateral recurrence and/or underwent ipsilateral mastectomy.
Researchers determined that radiotherapy was associated with a significant reduc-
tion in ipsilateral recurrence and subsequent ipsilateral mastectomy, especially for
those patients with high-risk features. This data has high utility in providing cli-
nicians with information which can guide shared-decision-making conversations
with older patients regarding the management of their DCIS.

Margin Status: BCT is a standard of care option for surgical management of
breast cancer, and the importance of obtaining negative margins to minimize local
recurrence is clear. However, controversy remains surrounding what constitutes an
“adequate” surgical margin. Current NCCN guidelines indicate that margins of
1 cm are always adequate, while margins ≤1 mm (no ink on tumor) are not, [20] but
there is no consensus on any margin between these values for either DCIS or
invasive breast cancer. These variable definitions of what constitutes negative
margins may place patients at increased risk of local recurrence or alternatively lead
to unnecessary re-excisions. Although this question could be addressed through a
standard efficacy trial, the number of patients required and the duration of follow-up
necessary to assess local recurrence as an outcome makes such trials unfeasible.

A number of options exist, however, to address this question through CER using
existing data. One option is a meta-analysis of published data. As an example, a
recent study assessed patients with DCIS treated with lumpectomy and radiation
found increased rates of ipsilateral recurrence with margins <2 mm compared to
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margins >2 mm; however, there were no significant differences in recurrence for
patients with margins of 2–5 mm or >5 mm [21]. Retrospective analyses of pro-
spectively collected data (i.e. data collected systematically for a different initial
purpose such as a clinical trial) would be an alternative means of address this
question and has the potential to have a significant impact on how breast cancer
surgery is currently practiced.

Management of the Positive SLN: After establishment of SLN biopsy as standard
of care for staging the axilla, thousands of women with node negative cancer have
been spared ALND. With the publication of two recent RCTs, there is now data to
support omitting ALND in some women even with positive axillary nodes. As
discussed earlier, the ACOSOG Z0011 trial examined women undergoing breast
conserving surgery and SLN biopsy for invasive breast cancer, and found the use of
SLN biopsy alone to be non-inferior to ALND in terms of survival, for eligible
women [9, 10]. Similarly, the recently reported European Organization for
Research and treatment of Cancer After Mapping of the Axilla: Radiotherapy or
Surgery? (AMAROS) trial evaluated outcomes for women with T1/T2 breast cancer
and positive SLN’s; women undergoing either mastectomy or BCT were included,
although 82 % underwent BCT (making the study population very similar to that
observed in ACOSOG Z0011) [22]. Women were randomized to either ALND or
axillary radiotherapy to levels I-II, with optional radiotherapy to level III. Although
the study was underpowered to evaluate its primary endpoint, axillary recurrence,
no clinically meaningful difference between the groups was observed (0.54 % after
ALND versus 1.03 % after axillary radiotherapy).

Although both of these studies were underpowered, they provide strong sup-
porting evidence that not all women with a positive SLN biopsy require a com-
pletion ALND (Table 2). However, these findings are largely applicable only to
women undergoing BCT, with AMAROS providing only limited data on women
undergoing mastectomy. Given the challenges in completing both of these trials, it
is unlikely that further RCT of SLN positive women undergoing mastectomy will
be initiated in the near future. This represents a unique opportunity to examine this
question using CER, likely through existing administrative and clinical databases
(while acknowledging some of the selection biases reflected in these data sources).

Survivorship and Surveillance: Since the publication of the Institute of Medicine
Report, “From Cancer Patient to Cancer Survivor: Lost in Transition,” [23] the
focus on the quality of survivorship for cancer patients has increased. One area of
focus which has been increasingly recognized by stakeholders as a priority is
follow-up surveillance, with the recognition that little data exists to support the
follow-up recommendations that currently exist.

Given the high overall survival and uncertainty surrounding the true clinical
efficacy of a clinical follow-up exam, it is unclear which breast cancer survivors
truly need prolonged follow-up with an oncologist, and when, if ever, primary care
providers should assume a primary role in surveillance. Reducing unnecessary
clinic visits represents a potential benefit to patients as they transition from active
treatment back to their activities of daily living, and a timely transition would
alleviate the burden of routine surveillance on specialty providers. However, it is
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also likely that different patient populations (based on age, tumor characteristics,
and treatment received) may benefit differently from clinical follow-up, adding to
the challenge of refining current follow-up. As a result of these factors, examining
the impact of different surveillance regimens through traditional RCTs is difficult.

Further, the Institute of Medicine has recommended that all cancer patients
receive at the completion of therapy a survivorship care plan [23]. This plan pro-
vides details about the patient’s cancer history (diagnosis, surgery, and treatment),
outlines details of ongoing surveillance (frequency of visits, labs, and imaging, and
responsible health care provider), and provides information about support for
possible side effects of therapy and general health promotion strategies. However,
no data exist to date examining the true impact of care plans (positive or negative)
on patients or providers.

CER represents a viable method of addressing these types of questions to improve
the quality of comprehensive survivorship care. Administrative databases, such as
SEER Medicare, with their available longitudinal data, allow current patterns of care
studies to be performed, providing insight into how different patient factors may
influence follow-up visits or receipt of imaging [24]. However, SEER-Medicare is
limited by the composition of its population (patients over the age of 65), making
generalizability of these findings to the greater breast cancer patient population
difficult. Further, administrative data sources such as SEER-Medicare cannot pro-
vide insight into the decision-making underlying the patterns of care observed.

Other techniques, such as qualitative research methods (focus groups, inter-
views), may be necessary to understand the preferences of key stakeholders
(patients, primary care physicians, medical, surgical, and radiation oncologists) for
follow-up care and how these preferences influence follow-up care delivered and
received. Findings from such mixed-methods studies will complement the quanti-
tative data and will provide critical insight into how stakeholders perceive follow-
up. Cost-effectiveness studies, with a focus on both the financial and “person” costs
of follow-up, will also likely play a substantial role in refining current follow-
up. These approaches are also the optimal means of evaluating the relative impact
of current survivorship care plans on patient care.

Finally, comparison of various surveillance protocols will necessitate creative
approaches to any future efficacy trials. Randomization of individual patients is
impractical and would create significant hardship for participating centers. A
clustered randomized controlled trial, in which groups of patients rather than
individual patients are randomized, represents one possible approach that would
simplify the study design but still allow some degree of randomization.

Disparities in Breast Cancer: Significant disparity exists in many aspects of
breast cancer. When examined along racial or socio-economic lines, rates of breast
cancer screening, diagnosis, treatment, reconstruction after mastectomy, and mor-
tality vary widely. For example, in a recent literature review examining ethnic
differences in breast cancer survival, Maskarinec et al. [25] found that compared to
white women, African-American women had a hazard ratio of breast cancer-spe-
cific mortality of 1.2–1.3, while Latinas had a breast cancer mortality risk of 1.1.
Asian-Americans as a whole have significant variability by sub-group, although
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women of Japanese descent have a survival advantage of about 20 % compared to
Caucasians [25]. These authors also found that disparities were smaller but per-
sistent in studies that controlled for confounding variables such as access to health
care, obesity, and co-morbidities. They note that many of these confounders are
closely tied to socio-economic status and may contribute to prognosis to multiple
ways.

Given the under-representation of these populations in clinical trials, our efficacy
RCTs can provide only limited insight into the factors underlying these disparities.
In contrast, CER represents an opportunity to study these populations in “real
world” settings, focusing on how geographic, socioeconomic, and cultural/social
constructs impact treatment received and subsequent outcomes. Use of adminis-
trative databases combined with other research techniques such as qualitative
interviews will be crucial in further investigative efforts.

5 Future Steps

CER for breast cancer represents a unique opportunity to address many of the
pertinent questions that need to be answered to further improve the quality of care
we provide to breast cancer survivors, while balancing the challenges associated
with traditional efficacy trials. However, many of these questions remains difficult
to address, and success will require the development of additional infrastructure to
support CER efforts, creation of new data sources, and use of new research
methodologies.

Fortunately, several new initiatives are in progress which will begin to address
current deficits in data collection and coordination. One such initiative is the
reorganization of the National Cancer Institute (NCI) trials network to include
cancer care delivery research, which includes CER. Originally developed to facil-
itate efficacy RCTs, the NCI is interested in developing this infrastructure to support
large research initiative. Cancer cooperative groups have accumulated data on
patient demographics, treatment details, and longitudinal outcomes. Some of these
outcomes of interest, including toxicity and cancer recurrence, are difficult to track
from other currently available data sources (such as administrative data) and
therefore represent a unique potential resource for cancer CER. This potential was
recognized by the Alliance for Clinical Trials in Oncology, a merger of the former
North Central Cancer Treatment Group, American College of Surgeons Oncology
Group, and Cancer and Leukemia Group B. The American College of Surgeons
Clinical Research Program (ACS-CRP), a joint initiative of the Alliance and The
American College of Surgeons Cancer Program, was created with the goal of
utilizing the Alliance’s infrastructure to expand health services, patient-cen-
tered research, and CER. This will be executed through a partnership with the
Commission on Cancer of the American College of Surgeons, which includes a
national network of 1,500 hospitals involved in quality cancer care and research.
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Another major initiative is the development of the Oncology NSQIP National
Cancer Institute Center Consortium, composed of 51 hospitals accredited by the
National Cancer Institute that are currently participating in NSQIP. Like the Alli-
ance programs, this consortium was developed with the recognition of the impor-
tance of CER in addressing pertinent oncology questions and focus on sharing and
comparison of oncology-specific data to improve outcomes; improvement and
expansion of risk-adjustment, process measures, and short-term outcomes utilized
by NSQIP; and providing infrastructure and resources for prospective and retro-
spective CER.

These coordinated efforts greatly expand the resources available to answer many
important breast cancer-related questions. Additionally, the framework of CER,
which encourages use of alternative research methodologies beyond traditional
efficacy RCTs, is critical. These research methods and their potential contributions
to clinical care are illustrated throughout this chapter. Methods such as cluster
RCTs, decision modeling, meta-analyses, qualitative studies, and novel “big data”
sources will allow us to understand key clinical problems when efficacy RCTs are
impractical or impossible to conduct and, importantly, will allow the incorporation
of patient-centered outcomes, an increasingly recognized focus. The clinician car-
ing for breast cancer patients must be familiar with these approaches to stay current
with the literature, and as we move into the twenty-first century, CER will play an
expanded role in answering key clinical questions.
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Comparative Effectiveness
in Melanoma

Maria C. Russel and Keith A. Delman

Abstract

The worldwide incidence of melanoma continues to rise. It is a leading cause of
cancer death and the second leading cause of loss of productive years of life.
Although the diagnosis of melanoma is straightforward, there remain many
controversies regarding treatment and surveillance. This chapter addresses
important questions in melanoma treatment such as sentinel lymph node biopsy,
what to do with a positive sentinel lymph node, margins of resection for
melanoma, radiation for primary, nodal and metastatic melanoma, and routine
use imaging. Through this chapter, the evidence for these controversial subjects
and the barriers to resolution will be elucidated.
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1 Introduction

Melanoma remains one of the most confounding of solid tumors. Essentially
refractory to cytotoxic chemotherapy, with a variable sensitivity to radiation, surgery
remains the most effective tool in the armamentarium against this disease. While it
may be one of the most well studied of malignancies from a surgical standpoint, with
five radomized prospective clinical trials evaluating margin of excision, questions
continue to abound about the appropriate application of therapies.

Though evidence-based medicine and cost are of paramount concerns for the
clinician and the patient, many well-tested therapeutic interventions have never
been proven to impact patients in a definitive manner. In addition, some of the
newest therapies are so costly that their benefit has to be evaluated in the context of
the patient’s value system (i.e., what exactly is the cost of quantity and quality of
life?). Perhaps more significantly, many interventions that have regularly been
performed by clinicians, such as routine staging in asymptomatic patients, have
never been shown to improve outcomes or quality of life in almost any malignancy.
The driver of these procedures, however, continues to be the patient, and the false
perception that these studies may offer early detection and improved outcomes.

The debate surroundingmany of these questionsmay never truly be answered. Some
argue that this is because the question will cost more to answer than just proceeding in a
semi-blind dogmaticmanner or that clinical judgment is sufficient to determinewhether
1 or2 cmmarginwould beoptimal in a given location. It is incumbent uponus, however,
to do our best to address these questions. At the very least it is imperative that we
recognize the uncertainty around them, so that we can counsel our patients wisely, and
preferably proceed thoughtfully and deliberately to answer them.

2 Sentinel Lymph Node

Lymphoscintigraphy was successfully used to identify regional draining nodal
basins in melanoma patients in 1977 [1]. It would take another 15 years until results
demonstrating the reliability and reproducibility of sentinel lymph node biopsy for
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melanoma were documented and led to the initiation of a prospective, randomized
clinical trial [2]. In 2006, the initial results of the Multicenter Selective Lym-
phadenectomy Trial-1 (MSLT-1) were published and sentinel lymph node biopsy
became the standard of care for patients with intermediate-thickness melanoma or
in patients with thin melanoma and high-risk features. It is regarded as a safe and
accurate procedure that allows for the evaluation of draining lymph nodes without
exposing the patient to the morbidity of elective lymphadenectomy.

Sentinel lymph node status is the strongest prognostic factor in patients with
melanoma and is used to stage patients in the American Joint Committee on Cancer
(AJCC) guidelines. The introduction of this procedure has corresponded with a shift
in survival curves for stage III patients that are likely a direct result of the routine
use of the technique [3, 4]. Despite these changes, controversy continues to sur-
round the routine use of sentinel node biopsy in patients with either thin (<1 mm) or
thick (>4 mm) melanomas. The risk of a positive node in patients with thin mel-
anomas is low enough that the risk-benefit consideration may not support routine
use and the likelihood of systemic failure regardless of sentinel node status is so
high in patients with thick melanomas that the benefit of the procedure is less
definitive in this subpopulation of patients as well [3, 5].

3 Thin Melanomas and Sentinel Lymph Node

Thin melanomas account for nearly 70 % of all melanoma. In general, this popu-
lation has excellent outcomes with a 90 % survival at 10 years [3, 6, 7]. Despite this
success, 3–7 % of patients will develop regional disease. Performing sentinel lymph
node biopsies on all patients with thin melanoma is not cost effective and would
subject patients to the risks, albeit small, associated with the procedure. Ideally, a
trial could address the optimal selection of patients in this population who would
benefit from undergoing the procedure. Unfortunately, the number of patients
required to discern a difference and the number of variables which would have to be
accounted for makes such a study impossible. Factors that have been variably
shown to increase the risk of nodal metastases in patients with thin melanomas
include Breslow thickness ≥0.75 mm, Clark’s level IV, ulceration, mitotic rate of
one or more, vertical growth phase, lymphovascular invasion, and tumor regression
[8–15] (Table 1).

Studies have reported an increased risk of nodal metastases in thin melano-
mas ≥0.75 mm when compared to <0.75 mm [8–10]. Han et al. [14] recently
reported 6.3 % of melanomas ≥0.75 mm had positive lymph nodes, while only
2.5 % of melanomas <0.75 had positive lymph nodes. Other studies have reported
rates of 5–15 % positive nodes for melanomas ≥0.75 mm, but 0–5 % for mela-
nomas <0.75 mm [8–10, 12, 16–20] (Table 2). Positive nodes in melano-
mas <0.5 mm are even more unusual.

Comparative Effectiveness in Melanoma 33



Clark level has also been advocated by some as a predictor of nodal involvement
in thin melanomas; however, the subjectivity of this classification has limited its
utility. Ranges of SLN metastases in Clark level < IV are reported as 3.5–4.5 %, but
this increases to 7.4–12.3 % in Clark level ≥ IV [14, 15, 17]. Additional studies
have reported that Clark level is a predictor of disease when stratified by Breslow
thickness to <0.75 and ≥0.75 mm [14]. Given this information, many continue to
advocate for SLN biopsy with Clark IV tumors.

Although uncommon in thin melanomas, ulceration is a risk factor for more
aggressive disease and secondarily, positive SLN. Yonick et al. [9] recently
reported a five times increased risk in positive SLN in the presence of ulceration.
Likewise, Han et al. [8, 14] reported ulceration increased the risk of a positive SLN.
When stratified to Breslow thickness ≥0.75 mm, there was a 14.7% rate of nodal

Table 2 Rates of SLN positivity in thin melanomas and correlating characteristics

Study Breslow
thickness

Rate of SLN
positivity (%)

Comments/other factors correlating
with + SLN

Han et al. [8] T1a < 0.76 0 Mitotic rate > 1/mm2 (p < 0.05)
Ulceration (p < 0.05)T1a ≥ 0.76 4.8

T1b < 0.76 18.2

T1b ≥ 0.76 12.5

T1 < 0.76 6

T1 ≥ 0.76 8.1

Murali et al.
[10]

0.51–0.74 mm 3.8 Lymphovascular invasion
(p = 0.018)0.76–0.90 mm 5.3

0.91–1.00 mm 10.3

Wright et al.
[16]

<0.25 mm 8 Age < 50 (p = 0.04)

0.25–0.50 mm 4

0.51–0.75 mm 4

0.76–1.00 mm 6

Ranieri et al.
[17]

<0.75 mm 2.3 Mitotic index > 6/mm2 (p = 0.006)
Clark level (p = 0.01)0.75–1.00 mm 10.2

Wong et al.
[18]

<0.75 mm 0 No other significant factors

≤1 mm 3.6

Hinz et al.
[19]

<0.90 mm 0 No other significant factors

0.90–1.00 mm 4.1

SLN sentinel lymph node

Table 1 Potential indications for sentinel lymph node biopsy in melanomas <1 mm

Biology Depth Patient

Ulceration Positive deep margin Excessive anxiety

Lymphovascular invasion Regression Age (younger)

Mitotic rate Clark level IV or V

Vertical growth phase >0.75 mm
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positivity in patients with ulceration, whereas only 6 % of patients without ulcer-
ation had a positive SLN [8].

Mitotic rate was included in the most recent iteration of the AJCC staging
system, being used to discriminate stage IB patients from stage IA [3]. Although
correlative for metastatic potential and an independent predictor of survival, the
overall contribution of mitotic figures to lymph node positivity is yet to be clearly
defined [15, 21–23]. Other studies have found a slight but nonstatistically signifi-
cant increases in SLN positivity or a significance only among patients with lymph
node positive disease [8, 10]. This is an area where further research is necessary.

Tumor regression refers to the tumor loss associated with inflammatory stromal
changes around a melanoma [12]. The prognostic significance of this phenomenon
is not entirely clear and conflicting data abounds, but it remains another factor that
may be considered when deciding if a SLN biopsy is necessary. While some studies
have advocated for a more aggressive approach to sentinel lymph node biopsy in
the setting of thin melanoma and mitotic figures, others have found this unwar-
ranted [14, 24–26]. Although currently used at some sites to promote SLN biopsy,
regression is not currently a criteria according to the National Comprehensive
Cancer Network guidelines nor was it suggested by the consensus guidelines
published jointly by the SSO and ASCO in 2012 [27, 28].

Despite a litany of histologic features which make a thin melanoma “high risk” the
risk of nodal involvement, even in patients with these features, is low. Importantly,
the risk of the procedure and the cost remain modest, at worst, and the impact of
identifying disease early is significant on outcomes. The cost of delaying intervention
in patients with nodal metastases is likely considerable, as well [29]. Given these
considerations, the comparative effectiveness of sentinel node biopsy in thin mela-
noma patients is a question with an ambiguous answer and unfortunately, precon-
ceived biases and limited alternative approaches deter additional studies attempting to
review this question.

4 Thick Melanomas and Sentinel Lymph Node

Thick melanomas are described as Breslow thickness ≥4 mm. These patients have a
significant risk of regional metastases (60–70 %) but an equally high risk of systemic
disease (70 %). The high risk of systemic disease in this population has therefore led
many authors to question the utility of sentinel lymph node biopsy in patients with
melanomas greater than 4 mm in depth rationalizing that their prognosis is more
strongly linked to progression to stage IV illness than to lymph node status [30, 31].
Because the survival of these patients is poor overall, Balch et al. [32, 33] initially
hypothesized that locoregional management via nodal dissection was unlikely to
confer survival benefit. However, two recent studies advocated that sentinel lymph
node status—even in patients with thick melanoma—was found to be an indepen-
dent predictor of survival [30, 31]. Gershenwald et al. [31] looked at 116 patients
with melanoma >4 mm thick and found that sentinel lymph node status was still the
most powerful predictor of overall survival by univariate and multivariate analyses.
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Ferrone et al. [34] likewise looked at 126 patients with thick melanoma and found
comparable rates of positive SLN (30 % vs. 39 %) and 3-year recurrence-free
survival (76 % vs. 72 %). In the presence of conflicting data, many institutions
routinely perform SLN biopsy even in those with thick primary tumors. With the
advent of more robust therapeutic options for visceral disease and investigations
demonstrating promising early results for genetic profiling of tumors, the role of
surgical staging via sentinel lymph node biopsy becomes more ambiguous, gener-
ating a greater series of questions. The opportunity for early intervention in high-risk
patients without the potential morbidity of surgical lymphadenectomy may pose a
better alternative than the current paradigm in a subset of patients.

5 Overall Benefit of Sentinel Lymph Node Biopsy

The MSLT-1 trial has proven that early detection of regional metastases improves
survival (Fig. 1); however, because the ability to select patients to undergo sentinel
lymph node biopsy is impeded by the limitations of using histologic characteristics to
determine biology, the procedure itself does not afford an overall survival benefit for
all comers (intervention can only impact survival in the 17% of patients who actually
have nodal disease). This is compounded by the significant heterogeneity observed in
the node positive group, which–with increasing recognition of microscopic and
immunohistochemically detected disease, is likely to become more diverse. Survival
in this group can range from 64 to 91 % depending on the population [35]. The
resulting limitation of the sentinel lymph node procedure therefore, is that even in
patients who are at the highest risk for having nodal metastases, nearly two-thirds will
be undergoing a procedure that they do not need and, therefore, can derive no benefit.
Within this context, the optimal improvement in this procedure will not be a technical
one, but rather an intervention which aids in improving selection. Unfortunately, the
ability tomake this improvement will likely rely upon techniques other than histology
such as genetic analyses or similar. Likewise, improvments in selection will be
dependent on an ability to accrue large numbers of patients in order to discern even
small differences in study groups. There is still much work to be done to define the
group most likely to benefit from sentinel node biopsy.

To work this direction, we could use large database studies, using propensity
scoring to match those undergoing sentinel- lymph node biopsy with similar con-
trols. While pooling of clinical data from multiple institutions has been done by the
American Joint Committee on Cancer (AJCC), using a larger data set and stan-
dardizing the pathology variables (in which there was previously wide variability),
could help us find an answer. Decision analyses could also assist in this process,
and could effectively summarize the costs, benefits, and probabilities of each branch
point. Though it may be difficult to assign accurate probabilities to some of the
more qualitative outcomes, such as quality of life and patient satisfaction, appli-
cation of the decision sciences could be very productive in defining the proper use
of sentinel lymph node biopsies.
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6 Completion Lymphadenectomy

The advent of sentinel node biopsy has made the management of nodal metastases
even more controversial than the detection of nodal metastases. It is well recognized
that in many diseases, management of regional disease is controversial (breast
cancer, gastric cancer) and melanoma is similarly challenged. Using conventional
histologic evaluation, only 20 % of patients undergoing CLND will have additional
nodal disease, implying that as many as 80 % of SLN positive patients may be
exposed to the risks of a second, more morbid procedure with potential long-term
effects, without benefit. There are differences in the detection of metastatic deposits
in sentinel nodes versus nodes in a completion lymphadenectomy specimen given

Fig. 1 Melanoma selective lymphadenectomy trial I (MSLT-1) results demonstrating both
improved melanoma-specific survival and disease-free survival [29]. aMelanoma-specific survival,
intermediate-thickness melanomas. bMelanoma-specific survival, thick melanomas. c Disease-free
survival, intermediate-thickness melanomas. d Disease-free survival, thick melanomas
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the more rigorous examination with immunohistochemistry and serial sectioning
applied to sentinel nodes. One could argue, that without the more intense scrutiny of
the completion lymph nodes that is applied to sentinel nodes, the true incidence of
nodal involvement in CLND specimens is not known. As a result, regional disease
management after a positive sentinel lymph node remains a discussion point.

Although one might extrapolate from the MSLT trial that there may be survival
benefit to clearing the nodal basin with completion lymphadenectomy (early detec-
tion of disease impacts outcome which would imply some potential benefit to
regional disease control), other studies have not been so forthcoming. Outside of
MSLT, there fails to be a proven survival advantage for undergoing a completion
lymphadenectomy. Van der Ploeg et al. [36] recently evaluated 1,174 patients with
sentinel node positive melanoma, 61 of whom did not undergo completion lymph
node dissection. Completion lymphadenectomy did not show any influence on sur-
vival (HR 0.86, 0.46–1.61; P = 0.640). Another multicenter trial examined 134 SLN
positive patients at 16 centers who did not undergo completion lymphadenectomy
and compared them against a cohort of patients from Memorial Sloan Kettering
Cancer Center who had a positive SLN and underwent completion lymphadenectomy
[37]. There was no difference in nodal recurrence-free survival between the groups
(P = 0.07) or in the disease-specific survival between the groups (P = 0.65). Other
studies have documented similar results with no difference in recurrence-free or
disease-specific survival [4, 38].

Other studies have attempted to delineate characteristics of the sentinel lymph
node which may predict involvement of nonsentinel lymph nodes. Additional factors
such as tumor burden, depth of invasion from capsule, microanatomic location, and
maximum diameter of the largest tumor have all been considered as predictors of
additional lymph node disease [4, 39–41]. Nagaraj recently published a metaanalysis
to determine clinicopathologic variables most predictive of nonsentinel node
metastases in the setting of a positive sentinel node [42]. There were nine factors
including ulceration, satellitosis, neurotropism, >1 positive SLN, angiolymphatic
invasion, extensive locations, macrometasases >2 mm, extranodal extension, and
capsular involvement which predicted additional positive nodes beyond the sentinel
lymph node. Unfortunately, this makes for a complex set of prognosticators when
attempting to decide on completion lymphadenectomy and may not be as useful
practically. Van der Ploeg et al. published a more straightforward study demon-
strating that the burden of disease and allocation of tumor within the sentinel lymph
node influences melanoma-specific survival. Patients with metastases <0.1 mm and
found in the subcapsular area had a 5-year overall survival of 91 %. Nonsentinel
lymph node rates for these patients was 2 %. The study concluded that completion
lymph node dissection in these patients may be overtreating patients who have a
survival that is equivalent to SLN negative patients [43].

The current guidelines of the 2008 National Comprehensive Cancer Network
recommend either CLND or participation in a clinical trial for a positive sentinel
lymph node. Despite these recommendations, only 50 % of patients in the National
Cancer Data Base with a positive sentinel lymph node actually undergo CLND,
clearly indicating some disconnect between recommendations and practice [44].
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Reasons for lack of CLND in SLN positive patients are variable. Kingham et al.
looked at over 2,000 patients who had undergone SLN biopsy, where 317 patients
had positive SLN followed by lymphadenectomy and 42 patients with positive SLN
did not. The patients not undergoing CLND were older (median age 70 vs. 56 years,
p < 0.01) and had a trend toward thicker melanoma (Breslow 3.5 vs. 2.8 mm,
p < 0.06). Additionally, as expected, there were a higher percentage of lower
extremity melanomas in the group that did not undergo CLND (40 % vs.
13 %; <0.01) since many surgeons avoid groin dissections secondary to their high
risk of complications and lymphedema. Bilimoria et al. and Cormier et al. [44, 45]
found similar reasons for lower than expected rates of CLND such as older age,
lower extremity melanoma, thin melanomas, and African-American race.

Perhaps most importantly, these studies, when analyzed in the context of the
others, provide an ambiguity to the overall benefit to the patient undergoing
completion lymphadenectomy. A survival benefit has not been proven, morbidity
from many lymphadenectomies is high, and few patients in the sentinel node era
actually recur in the nodal basin making palliative interventions a low priority. It is
a challenge to demonstrate an overall comparative effectiveness to completion
lymphadenectomy and it will be a long time before any data is available to provide
any insight. Obstacles to our understanding this in greater detail include inherent
bias toward the MSLT-2 trial (patients are only referred for possible observation if
they are perceived as “lower risk”), low incidence of events in this population
necessitating a large patient population with extended follow up, and finally a long
“tail” in which events can occur before data is conclusively determined to represent
a comprehensive review. With these obstacles, there will be a considerable delay
before the questions surrounding lymphadenectomy can be answered.

Similar to the issues regarding the optimal use of sentinel lymph node biopsy,
the uncertainty around completion lymph node dissections need to be explored
using alternative research methods. Studies that make use of large databases and
pooled multi-institutional clinical data will help us avoid the bias inherent in
MSLT-2 and the long follow-up time required for meaningful results. Decision
analyses can also help us examine how we should guide our patient through the
process of choosing a completion lymphadenectomy or not.

7 Margins of Resection

7.1 1 versus 2 cm Margins

Until the 1970s, wide excision of all melanoma with 3–5 cm margins was the
standard [46]. In the 1970s, there was recognition that different Breslow’s thickness
and Clark’s levels may guide the need for a wider excision. In 1980s, the World
Health Organization (WHO) melanoma group organized a randomized prospective
clinical trial to determine optimal margin resection (1 cm vs. 3 cm) for thin mel-
anoma <2 mm thick [47, 48]. There was no statistically significant local recurrence
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between the two margins. A follow-up study from 1998 confirmed an insignifi-
cantly higher (2.6 % vs. 0.98 %) risk of local recurrence in the narrow margin group
with no difference in overall survival [46]. Meanwhile the Intergroup Melanoma
Surgical Trial randomized 1–4 mm melanomas to 2 cm versus 4 cm excisions [49].
Neither the local recurrence (0.8 % vs. 1.7 %) nor the 5-year survival (79.5 % vs.
83.7 %) were statistically significant. A follow-up study in 2001 confirmed that
neither 10-year local recurrence (2.1 % vs. 2.6 %) nor overall survival (70 % vs.
76 %) was statistically significant in the narrow excision or wide excision groups
[50]. Finally, the United Kingdom Melanoma Study Group Trial found no differ-
ence in local recurrence (3.3 % vs. 2.8 %) or overall 5-year survival (68.2 % vs.
70 %) in 1 cm versus 3 cm resection margins in melanomas >2 mm [51]. When
combining local and regional disease recurrence, however, there was a significant
difference (37.1 % vs. 31 %; p = 0.05) between the groups. In overlapping these
trials, the recommendations of a 1–2 cm wide local excision for a 1–2 mm mela-
noma were created, allowing clinicians the liberty of taking a 1 cm margin in
cosmetically sensitive locations (Table 3).

Two additional trials looked at even wider margins (Table 3). The French
cooperative group randomized patients with thin or intermediate melanomas to
2 cm versus 5 cm local excision and found there was no difference in tumor
recurrence, disease-free survival or overall survival for lesions <2 mm [52]. This
was again confirmed in the Swedish Melanoma Study Group which looked at 2 cm

Table 3 Randomized trials in primary melanoma excision margins

Trial Melanoma
thickness (mm)

Margins of resection Local
recurrence

Overall
survival

WHO [46–48] <2 1 cm versus 3 cm 12 year 12 year

1 cm—2.6 % 1 cm—85.1 %

3 cm—0.1 % 3 cm—87.2 %

p = 0.77

Intergroup trial
[49, 50]

1–4 2 cm versus 4 cm 10 year 10 year

2 cm—2.1 % 2 cm—79 %

5 cm—1 % 5 cm—7.6 %

p = 0.07

Swedish melanoma
study group [53]

0.8–2 2 cm versus 5 cm 10 year 10 year

2 cm—0.6 % 2 cm—79 %

5 cm—1.0 % 5 cm—76 %

French cooperative
group [52]

<2.1 2 cm versus 5 cm 10 year 10 year

2 cm—0.62 % 2 cm—87 %

5 cm—2.4 % 5 cm—86 %

p = 0.56

United Kingdom
melanoma study
group [51]

>2 1 cm versus 3 cm 5 year 5 year

1 cm—3.3 % 1 cm—68.2 %

3 cm—2.8 % 3 cm—70 %

p = 0.60
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versus 5 cm margins in melanoma ≤2.1 mm thick [53]. There was no difference in
overall survival or disease-specific survival at 10 years.

No randomized trials have ever examined 1 cm versus 2 cm margins and, while
an international trial has been written and proposed, accrual to this trial is con-
sidered to be an obstacle. This concern is largely based on the fact that most
clinicians have a predisposition to use a 1 cm margin where anatomically or
physically constrained. A single institution study recently validated these data [54].
Hudson et al. reviewed 2,118 patients with T2 melanoma who underwent 1 cm
versus 2 cm wide local excision. With a median follow-up of 38 months, the local
recurrence was 3.6 months in the 1 cm group and 0.9 % in the 2 cm margin group
(p = 0.044); however, on multivariate analysis, this difference was no longer sig-
nificant (p = 0.368). Overall 5-year survival, likewise, was not statistically signif-
icant (29.1 months vs. 43.7 months). This validated the current NCCN
recommendations; however, given the biases and uncertainty of retrospective
analyses, a randomized controlled trial is required to put this question to rest.

For lesions greater than 2 mm, there remained controversy over margins of
excision. Thomas et al. [51] published the results of a multi-institutional random-
ized trial of 1 versus 3 cm surgical margins in melanoma >2 mm. In the 900 patient
trial, a 1 cm margin was associated with a statistically significant risk of recurrence
but no difference in overall survival. Unfortunately, this trial did not use sentinel
lymph node biopsy, had a poor definition for what constituted “local recurrence,”
and greater than 60 % of the recurrences were actually nodal in nature, which
makes its modern applicability questionable. Still dissatisfied with the question of a
2 versus 4 cm resection margin for lesions >2 mm, Gillian et al. [55] published a
trial specifically looking at these margins to determine overall survival. They found
no difference in overall survival or in the risk of recurrence or death due to mel-
anoma when using a 2 cm resection margin versus a 4 cm resection margin.

Thus, while the studies have compared different margins of excision based on
Breslow depth of tumor, it has been globally accepted that a 2 cm margin is
acceptable for melanomas >2 mm (Table 4). There appears to be no change in
survival or recurrence with this margin. Importantly, the rate of primary closure
with these resection margins is much higher than a 4 cm margin, which is asso-
ciated with increased rates of skin grafts and their associated complications.

Despite the consensus regarding these approaches, there is increased morbidity
with larger excisions, greater cost to the patient, and more days off from work. The
goal of an excision is to perform complete removal of the tumor, and as has been
noted with other malignancies, we have frequently overshot that mark. There is a

Table 4 Current
recommendations for margins
of excision

Breslow thickness Margin of excision

In situ 5 mm

<1 mm 1 cm

1–2 mm 1 or 2 cm

2–4 mm 2 cm

>4 mm 2 cm
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considerable amount of data available on melanoma, but we are yet to find the
smallest safe margin—which may even be less than 1 cm. At present, it will be
extremely difficult to answer this question as biases have been set and although risks
are definitely higher with larger excisions, the perceived morbidity is well tolerated.

However, if we could overcome these pre-conceptions, we could design a
clinical trial similar to previous studies of wide local excisions, targeting cosmet-
ically sensitive areas and patient populations that may be more willing to com-
promise in order to avoid wound healing issues or large grafts or flaps. There should
also be efforts to design a trial that will tell us how deep a margin we truly need for
a melanoma excision. In certain patients, on certain areas of the body (e.g., an obese
patient with a thigh melanoma), it may not be necessary to excise all subcutaneous
tissue down to the fascial level.

8 Radiation

8.1 Primary Cutaneous Melanoma

While the primary treatment of melanoma is surgical resection, radiation is often
considered in both the primary and adjuvant setting. As the population ages, there are
some elderly patients who are not candidates for surgical resection. In this scenario,
there can be consideration for primary radiation therapy (RT) in patients with lentigo
maligna and lentigo maligna melanoma. Small studies have shown that while the 5-
year local recurrence rates are higher in patients treated with RT in head and neck
melanoma, the difference may not be statistically significant (13.2 % vs. 6.8 %) [56].
This treatment is more often considered in Europe than in the United States.

Rates of local recurrence for cutaneous melanoma after appropriate wide local
excision are approximately 5 %. However, there are certain conditions in which
adjuvant radiation is considered including desmoplasia, neurotropism, microsatel-
lites, positive resection margin not amenable to additional resection and recurrence
after previous excision. Radiation is especially considered in cases of head and neck
melanoma where further resection may simply not be feasible. Additionally, local
control of lentigo maligna melanoma may be augmented with hypofractionated
radiation [57]. Rao et al. [58] report that they are more likely to use radiation in
patients with satellitosis because of the high risk of recurrence.

8.2 Radiation to Regional Nodal Basin

Studies have demonstrated benefit to adjuvant radiotherapy to regional nodal
basins. Accepted criteria for this therapy include multiple positive nodes, large
nodes, extracapsular extension, and recurrent disease. Recurrence rates of 60–80 %
are reported for multiple nodes or nodes 6 cm or larger [59]. Likewise, extranodal
extension is associated with an approximate 60 % recurrence rate [59, 60]. Finally,
there are higher rates of relapses in the neck (35–45 %), whereas rates in the axilla
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(25–35 %) and the groin (10–20 %) tend to be lower [59]. There are recent trials
demonstrating decreased recurrence in high-risk nodal beds (multiple positive
nodes, extracapsular extension, large nodes, or recurrent disease) [61, 62]. Bur-
meister et al. demonstrated a significant difference in reduced risk of lymph node
field relapse to 16.3 % from 26.8 % (Hazard Ratio 0.56, 95 % confidence interval
0.32–0.98; p = 0.41), but no difference in relapse-free survival or overall survival in
their randomized controlled trial.

Radiation is not without complications. Although cervical radiation is fairly well
tolerated, complications are not infrequent in other sites. Complications following
axillary radiation can be as high as 30 % at 5 years [58, 63]. In a study from the
Melanoma Institute of Australia, arm lymphedema rates after axillary dissection
with radiation were 53 % [64]. A similar study from MD Anderson demonstrated a
20 % incidence of lymphedema that necessitated medical treatment [65]. Compli-
cations in the groin after radiation and groin dissection can similarly be substantial,
especially in those with a body mass index greater than 30 kg/m2 [63]. Ballo et al.
[66] demonstrated a 23 % incidence of clinically significant lymphedema after
inguinal lymph node dissection and RT and a 40 % rate of clinically significant
treatment-related complications of wound breakdown and healing complications. In
the TROG study, Burmeister et al. [67] reported a 9 % incidence of lymphedema in
patients with axillary disease undergoing lymphadenectomy and radiation. This
number increases to a 19 % incidence of grade 3 lymphedema after ilioinguinal
dissection and radiation. Although significant reductions in local recurrence are
demonstrated, given these high complication rates, appropriate consideration should
be given prior to instituting RT following lymphadenectomy. To balance the
possible morbidity of this treatment against its benefits, more trial data would be
helpful. Randomizing patients at a high risk of nodal disease (e.g., advanced Stage
II) may help to delineate the limits of utility of this treatment in the clinical setting.

8.3 Brain Metastases

Up to half of patients with metastatic melanoma develop brain metastases [68].
Once brain metastases develop, the 1-year survival is less than 15 % [69]. Options
for therapy include surgery, systemic therapy, whole brain radiation (WBR), and
stereotactic radiosurgery. Although there are many studies on treatment of brain
metastases, these often include multiple primary sites so applicability to metastatic
melanoma in particular, may be limited.

8.4 Whole Brain

WBR has been described for many years in the treatment of metastatic lesions to the
brain. When used alone, WBR does not have an appreciable survival benefit, but it
can help with reducing symptoms and halting progression to allow for salvage
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therapy. Median survival after WBR is 3–5 months [70–72]. The addition of
temozolomide may afford a slightly higher median survival of 6 months with an
approximate 10 % response rate [73]. Finally, a recent phase 2 study evaluated
temozolomide, thalidomide, and WBR to patients with brain metastases from
melanoma and found only a 7.6 response rate with a median time to progression of
7 weeks and a median overall survival of 4 months [74]. Complications from WBR
include neurocognitive toxicity and progressive dementia [58, 75].

8.5 Stereotactic Radiosurgery

Both gamma knife and linear accelerator-based radiosurgery have been used for
cerebral melanoma metastases. TROG 9508 was a randomized trial of patients with
one to three brain metastases (5 % melanoma primary) to WBR with or without the
addition of SBRT and found an improvement in performance status at 6 months for
those that received both therapies, but no survival advantage with the addition of
SBRT. In patients with a single lesion, there was a benefit to adding SBRT to WBR
[76]. Other studies have shown an improvement in relapse-free survival with the
combination ofWBRand SBRT [77, 78]. Finally, several studies have retrospectively
evaluated melanoma-specific brain metastases and found SBRT to be beneficial for
local control of melanoma, especially in those with a good performance status and a
limited number of lesions, as well as control of extracranial metastases [79].

In summary, radiation is rarely used as the primary treatment of melanoma. Its
use in control of high-risk lesions, as well as high-risk nodal basins after surgical
resection remains in evolution, but has not shown definitive survival benefit. RT for
central nervous system metastases could become more standard of care as newer
techniques such as intensity modulated RT and image-guided RT enable more
precise delivery to tumor with avoidance of normal tissue.

9 Staging and Follow up

Perhaps one of the least controversial yet equally minimally evidence-based aspects
of the care of melanoma patients is routine imaging and patient follow up. Several
studies have demonstrated little utility to routine exams and there is no evidence that
radiographic imaging benefits patients in anymanner [80–83]. Of all endeavors in the
care of patients with a history of malignancy, radiographic imaging may be the most
costly and the least proven. It is important to note that the timing of imaging rarely
impacts therapeutic decision-making and the majority of scans performed in
asymptomatic patients are negative. Furthermore, there is growing concern regarding
the side effects from the radiation associated with repeated thin-cut CT scans.

In melanoma, as with many malignancies, the routine physical exam in follow
up rarely yields a significant finding. Patients are instructed to contact providers to
let them know of changes in between routine appointments. It is most often these
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interval evaluations that prompt further examination and investigation. Consider the
scenario: in order for a routine visit to be the mechanism by which a patient
identifies a recurrence or new lesion, the timing has to be that the lesion was first
noticed within close proximity of the scheduled visit. Therefore, it is often the
interval visits scheduled at the request of the patient that prompt additional testing
for new concerns.

Perhaps most striking is that even with published NCCN guidelines many cli-
nicians still routinely perform staging evaluations inclusive of aggressive radio-
graphic imaging modalities in asymptomatic patients [83]. Even the most educated
physicians who are aware of the evidence against routine scans will often acquiesce
to radiographic studies “just to be sure.” The solution to this is dependent on the
education of the public—the public will need to understand that the routine scan has
little benefit in the absence of symptoms—before the clamor for scans will begin to
quiet. Despite these arguments against scanning, one cannot apply a value to the
reassurance (false or real) provided by cross-sectional imaging. The ability to take a
sigh of relief is an intangible, immeasurable quality that benefits patients and their
families, despite the evidence against routine scans.

To determine the clinical utility of this practice, however, we need to perform
rigorous cost-effective analyses and decision analyses. If findings of these speak
against routine physical exam and imaging follow-up, the clinical conversation
between surgical oncologist and patient will have to be accordingly tailored.
Assessments of outcomes should then be performed; a recent Patient-Centered
Outcomes Research Institute (PCORI) grant was giving to a project looking at
patient self-management of distressing symptoms in centers treating breast, lung,
prostate, and colon cancer. More projects in this vein could help to ease the anxiety
that accompanies any cancer diagnosis.

10 Conclusion

As oncologists, we are faced with the challenges of decision-making in a less than
informed environment. Charged with the task of applying evidence-based medicine
in a field with a paucity of evidence and an enormous burden of bias, the challenge
of making the right choices for our patients is overwhelming. It is unlikely that
many of the questions in melanoma can be answered due to the complexity of the
variables and the marginal differences expected. There are, however, opportunities
for improving our understanding, enhancing our decision-making, and for the
application of known data in a more effective manner. Importantly, these decisions
cannot be made in the lay press and in the court of public opinion. It is imperative
that knowledge be shared and choices be driven by data and not impression.
Opportunities abound for investigation and the development of a better under-
standing of this disease and those must be pursued if we endeavor to provide the
best care possible for patients.
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Comparative Effectiveness Research
for Sarcoma

Nabil Wasif

Abstract

Modern multidisciplinary management of sarcoma represents several opportu-
nities for comparative effectiveness research. Focusing on the outcomes of
survival, quality of life and cost-effectiveness of care, the current state of the art
is summarized. Specialized/regional care for sarcoma and the utility of tumor
boards or multispecialty discussion is discussed. Issues related to treatment
efficacy and sequencing in relation to chemotherapy, radiation, and surgery
as well as margin reporting and surveillance are also discussed. Finally, future
avenues of comparative effectiveness research for sarcoma are highlighted
throughout the chapter.
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1 Introduction

Sarcoma represents the quintessential malignancy for a surgical oncologist. Whilst
other cancers such as colon and breast may fall under the purview of the general
surgeon, the rare incidence, heterogeneity in histology, and surgical challenges
involved with sarcoma care call for specialized training. The multidisciplinary
aspect of modern sarcoma care often requires consultation with other specialists
prior to initiation of therapy, which may not be possible in practice settings not
conducive to such co-ordination. The clinical challenges of sarcoma care make a
ready recipe for the introduction of variation in delivery of care. Although some of
this variation may be attributed to the co-ordination of complex care, lack of quality
data to guide clinical management is also to blame. The focus of this chapter is to
explore how this variation influences outcomes for patient with sarcoma, and to
suggest future avenues for study to smooth out fluctuations in care by using the
methodology of comparative effectiveness research.

Meaningful comparative effectiveness research should be linked to outcomes
that are biologically relevant, measurable in an objective manner and comparable
between studies. For oncologists of all stripes a scorched earth policy to maximize
long-term outcomes is often justified by the primacy of long-term survival, or
surrogates such as recurrence-free survival, as the arbiter of treatment efficacy. An
increasing focus on patient-centered outcomes means that quality of life (QOL)
among survivors is considered more often before embarking on potentially toxic
therapy. In the context of the overall health care system cost can be regarded as a
valid outcome measure for two treatments of equal efficacy, or one of marginal
efficacy. The ideal therapy is one that combines maximal efficacy with minimal
morbidity and is the most economical; this ‘goldilocks’ mix is seldom the case in
the clinical world. In the ensuing discussion, the issues of multidisciplinary con-
sultation and guideline-oriented care, regionalization, and treatment of soft tissue
extremity and retroperitoneal sarcoma will be discussed while focusing on the three
outcomes of survival, QOL, and cost.
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2 Multidisciplinary Consultation
and Guideline-Oriented Care

Current national comprehensive cancer network (NCCN) guidelines suggest that ‘all
patients be evaluated by a MD team with expertise and experience in sarcoma prior
to initiation of therapy’ [1]. The implication is that discussion in a multidisciplinary
setting has the potential to improve patient outcomes for sarcoma. However, there is
little data to support an improvement in survival, QOL, or cost of therapy with
multidisciplinary consultation prior to initiation of therapy. Given the complexity of
the disease and numerous patient and practice patterns involved in treatment, such a
change may be hard to show in a direct comparison. Nevertheless, it does not
invalidate the utility of such an approach. In a survey study of physicians involved in
sarcoma care, 83 % had access to a multidisciplinary sarcoma tumor board and the
usefulness in clinical decision-making was rated at a mean of 4.08 ± 0.05 on a Likert
scale (where 1 = not helpful and 5 = always helpful) by the respondents [2].

Care outside of a multidisciplinary setting certainly has the potential to be frag-
mented and of potential detriment to the patient. Does this translate into worst out-
comes? Although there is no direct confirmation, circumstantial evidence can be
obtained from the same survey study of sarcoma specialists. When presented with an
identical clinical scenario, each specialist was inclined to favor their respective
treatment modality at the expense of others, suggesting a ‘specialty bias’ exists in
treatment recommendations for soft tissue extremity sarcoma [3]. One would hope
that in a multidisciplinary setting, consensus opinion would counteract the influence
of individual bias on clinical decision-making. The role of multidisciplinary con-
sultation on sarcoma survival, QOL, and cost outcomes remains an area ripe for
comparative effectiveness research. Performing an observational cohort study of
patients treated in a multidisciplinary setting versus those who are not, perhaps using
the National Cancer Database (NCDB) to obtain the necessary information, could
help demonstrate the effect of having a multidisciplinary team. Qualitative studies
evaluating physicians’ changes in plans before and after tumor board meetings may
also help to illustrate the role of multidisciplinary care. This could both be done in an
academic center as well as in community centers without multidisciplinary meetings,
who would then begin to take part in academic tumor boards.

A central tenant of the NCCN guidelines is to provide providers with a set of
recommendations as a reference point for the management of complex cancer
patients. These guidelines are based on best available evidence with the tacit
understanding that compliance with guideline-oriented care should improve out-
comes. This approach is predicated on the quality of the evidence available to for-
mulate the guidelines themselves, as well as access. The latter is usually not an issue as
the guidelines are freely available on the web [1]. For sarcoma,many of the guidelines
are derived not from randomized trials but Category 2 or below level evidence,
leading to intentionally vague recommendations. Nevertheless, until better data
becomes available, one can assume that adherence to current recommendations is not
worse, and potentially better, than unstandardized care. Participation in
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multidisciplinary care has been shown to improve compliance with guidelines, sug-
gesting that discussion in a group setting improves conformity to best available
evidence [4].

The discussion above begs the question—does care that is compliant with cur-
rent sarcoma guidelines improve the quality of clinical care compared to care that is
not? There is precious little data to inform this debate. Establishment of national
guidelines for soft tissue sarcoma in the Netherlands led to improvements in pre-
operative diagnoses and pathology reporting for patients [5]. An analysis of the
SEER database looking at the stage specific use of radiation therapy for soft tissue
extremity sarcoma showed that omission of radiation therapy for Stage III patients
led to worse survival outcomes, although selection bias could also explain these
results. [6]. A cost-effectiveness analysis from two European regions showed that
noncompliance to sarcoma guidelines resulted in a cost increase of 16 % compared
to patients in whom guideline-oriented care was delivered [7]. These studies not-
withstanding, an unambiguous association between multidisciplinary, guideline-
oriented care, and an improvement in survival outcomes, QOL, or costs has yet to
be demonstrated in the United States. Use of large databases to determine the
outcomes of guideline-adherent practices should be undertaken.

3 Regionalization of Sarcoma Care

The majority of sarcoma care in the United States is performed by nonspecialists or
‘part-time’ sarcoma physicians. As with other complex cancers, there has been a
call to regionalize care of sarcoma patients to high volume or specialized centers so
that outcomes can be improved. Are there any grounds to justify these claims?
Guiterrez et al. [8] looked at data from the Florida Cancer Data System (FCDS) to
show that both survival and functional outcomes were indeed better at high volume
centers. Although the majority of patients (68 %) received care at low-volume
centers, 30-day mortality at high volume centers was lower (0.7 % vs. 1.5 %,
p = 0.028). Long-term survival was also improved at high-volume centers, with a
median survival of 40 months compared to 37 months at low-volume centers
(p = 0.002). QOL may also be impacted by treatment at a low-volume center; the
amputation rate was 13.8 % compared to 9.4 % for high volume centers (p = 0.048).
Another study from the United Kingdom showed that only 21 % of patients were
adequately worked up, and only 60 % received adequate treatment after an audit of
sarcoma care [9]. The majority of these patients were treated by general surgeons
and the authors called for treatment to be shunted toward specialists to improve care
metrics. Several studies from Europe suggest that specialized care for sarcoma
results in better compliance with guidelines and less variation in care [4, 9, 10]. The
weight of the evidence currently available suggests that regionalization of sarcoma
care results in improved survival outcomes and QOL. How this impacts cost and
timeliness of care has yet to be determined, leaving the door open for well-designed
cost-effectiveness analyses. Use of databases such as the NCDB or the Surveillance,
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Epidemiology, and End Results (SEER)-Medicare datasets, which have been used
by other regionalization studies, could also help to evaluate oncologic outcomes as
a result of regionalization.

4 Soft Tissue Extremity Sarcoma

4.1 Neoadjuvant Chemotherapy

The use of neoadjuvant chemotherapy has several theoretical advantages, especially
in high-risk extremity sarcoma. With visible disease an in vivo tumor response
model is available. Shrinkage of a large tumor can potentially enhance limb salvage
and decrease the morbidity associated with eventual surgery. Finally, early treat-
ment of micrometastatic disease has the potential to improve long-term survival
outcomes. Although an increase in perioperative morbidity due to myelosuppres-
sion and interference with optimal wound healing is a concern, this is not borne out
by the data [11]. However, the evidence supporting the efficacy of chemotherapy
alone in the neoadjuvant setting is underwhelming. Although an extensive review
on the subject is beyond the purview of this chapter, some of the more pertinent
studies are mentioned.

An EORTC randomized phase II trial compared neoadjuvant doxorubicin plus
ifosfamide versus surgery alone in a high-risk population and failed to show better
survival in the chemotherapy arm (5 years DFS 56 % vs. 52 %), and expansion into
phase III study was abandoned [12]. Although a phase III study utilizing hyper-
thermia in combination with etoposide, ifosfamide, and doxorubicin (EIA) versus
chemotherapy alone showed a relative hazard of 0.7 for the combination therapy,
this approach is not currently used in the United States [13]. Besides the additional
resources needed to establish hyperthermia, a major limitation of the study was that
a comparison with surgery alone was not performed. The evidence to date suggests
that there is no benefit to neoadjuvant chemotherapy plus surgery versus surgery
alone for soft tissue sarcoma.

4.2 Neoadjuvant Chemoradiation

Although there are no randomized phase III studies on the topic of combination
chemoradiation given in the neoadjuvant setting, some data suggest this may be an
acceptable clinical choice. A RTOG phase II trial of the MAID regimen and
interdigitated radiation therapy showed acceptable efficacy and toxicity [14].
Although no clear evidence of an improvement in cancer related survival was seen,
preservation of QOL by acceptable morbidity with this approach was also con-
firmed in another study [11]. More data is needed with head-to-head comparisons
between neoadjuvant chemoradiation versus surgery alone and neoadjuvant che-
moradiation versus radiation alone.
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4.3 Adjuvant Chemotherapy

There is a large body of literature on the use of adjuvant chemotherapy in soft tissue
sarcoma which will not be reviewed in detail. Several meta-analyses of the pub-
lished trials have been performed which are briefly discussed. In the initial study by
the Sarcoma Meta-Analysis Collaboration (SMAC) group the addition of a doxo-
rubicin-containing chemotherapeutic regimen following surgery compared to sur-
gery alone showed a significantly longer local and distant recurrence-free survival,
but not a statistically significant better overall survival (HR for death 0.89, 95 % CI
0.76–1.03). In the subset of patients with extremity and truncal sarcomas, a modest
but significant benefit was seen for adjuvant chemotherapy, (HR 0.80, p = 0.029),
which translates into a 7 % absolute benefit in overall survival at 10 years [15]. An
updated meta-analysis conducted in 2008 showed an OR for local recurrence of
0.73 (95 % CI 0.56–0.94) and for distant recurrence of 0.67 (95 % CI 0.56–0.82)
both in favor of chemotherapy. In contrast to the prior meta-analysis, the use of
doxorubicin with ifosfamide was associated with a statistically significant overall
survival benefit (HR 0.56, 95 % CI 0.36–0.85) [16]. Current consensus opinion is
that adjuvant chemotherapy is not routinely recommended for patients with soft
tissue sarcoma, but may be used in select cases for modest benefit [1].

4.4 Neoadjuvant Radiation

The advantages of using radiation in the neoadjuvant setting include downstaging
of the tumor to increase chances of a margin negative resection, limitation of
radiation dose to a smaller volume and minimizing long-term radiation-related
morbidity. This has to be balanced against the risk of an increase in wound com-
plications following surgery. What is the quality of the data to guide treatment
sequencing for radiation use in extremity sarcoma? O’Sullivan et al. [20] conducted
a randomized trial comparing preoperative with postoperative radiation in patients
with extremity sarcoma with the primary endpoint being the rate of wound com-
plications within 120 days of surgery. Wound complications occurred in 35 % of
the preoperative group compared to 17 % in the postoperative group (p = 0.01). On
follow up at 2 years after treatment, patients in the postoperative arm had greater
rates of fibrosis, joint stiffness, and wound edema [21]. Generally, early compli-
cations were reversible with minimal impact on QOL while late radiation associated
complications were not. Perhaps due to these findings an increase in the use of
neoadjuvant radiation from 6.4 to 11.6 % from 2000 to 2009 was seen in a study of
the National Cancer Database, with a corresponding decrease in postoperative
radiation (34.3–29.2 %) during the same time period [22]. In a survey study of
sarcoma specialists, we showed that radiation oncologists, physicians with >75 %
of their practice devoted to sarcoma care, and those in practice <5 years had a
preference for neoadjuvant radiation therapy [2]. Taken together, these data suggest
that there is a trend toward an increasing use of neoadjuvant radiation for extremity
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sarcoma due to equivalent local control and a decrease in irreversible late radiation
associated morbidity. To date, no study on the cost-effectiveness of this approach
has been conducted.

4.5 Adjuvant Radiation

The current standard of limb sparing surgery for the majority of extremity sarcomas
is established based on evidence from randomized trials. The initial trials compared
amputation alone versus limb sparing surgery plus adjuvant radiation therapy and
showed equivalent rates of long-term survival [17]. Although there were no local
recurrences in the amputation group compared to four in the limb sparing group,
disease-free survival at 5 years was equivalent (71 % vs. 78 %, p = 0.75). This
suggested that aggressive attempts at local control with amputation did not improve
long-term survival and came at the expense of considerable physical limitation to
the patient. Consequently, most modern series of extremity sarcoma have an
amputation rate of <5 %.

Subsequent studies confirmed that limb sparing surgery alone had higher rates of
local recurrence compared with limb sparing surgery plus radiation therapy. Yang
et al. [18] randomized 91 patients with extremity sarcoma into two groups fol-
lowing surgery; external beam radiation versus no radiation. Following a median
follow-up of 9.6 years, a significant decrease in the probability of a local recurrence
but no difference in overall survival was seen. Although an improvement in local
control was seen for both high-grade and low-grade tumors, the effect was more
pronounced for high-grade tumors. A concurrent QOL study showed that patients
who received radiation had significantly worse limb strength, edema, and range of
motion. Although these deficits were mostly transient, further work is needed to
identify a subset of patients at low risk for local recurrence who can undergo limb
sparing surgery without adjuvant radiation therapy. A review of patients with T1
soft tissue sarcoma treated at the Memorial Sloan Kettering Cancer Center between
1996 and 2002 showed that in patients with a microscopically negative (R0) margin
following surgery who did not receive radiation therapy, the cumulative incidence
of local recurrence at 5 and 10 years was 7.9 and 10.6 % [19]. In this subset,
surgery alone provided excellent local control rates without adjuvant radiation
therapy, thus minimizing morbidity without compromising recurrence outcomes.

4.6 Brachytherapy

Advantages of brachytherapy over conventional external beam radiation include
minimization of the radiation dose to the surrounding tissue and shorter treatment
times. A phase III trial comparing the use of brachytherapy and surgery versus
brachytherapy alone showed an improvement in local control with the use of
brachytherapy [23]. After 76 months of median follow up, 5-year actuarial local
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control rates were 82 % in the brachytherapy group and 69 % in the surgery alone
group (p = 0.04). There was no difference in disease-specific survival rates. However,
this improvement in local control was seen only for high-grade tumors and not for
low-grade ones, with no improvement in long-term survival even in the high-grade
subset [24]. To date there has not been a head-to-head comparison for brachytherapy
versus external beam radiation in terms of local control, morbidity, or cost.

4.7 Surgery for Local Recurrence

Local failure in management of soft tissue extremity sarcoma manifests clinically as
a local recurrence. Local recurrence is generally a poor prognostic sign and is
associated with distant metastasis in a significant proportion of patients [25]. Once
confirmed by physical exam or imaging subsequent management can be chal-
lenging. If resectable, then further surgery represents an attempt to re-establish local
control. However, should aggressive re-resection be pursued in patients who are at
high risk of dying from distant disease, especially in the absence of options for
effective systemic control? Although there is no direct comparison between patients
with local recurrence undergoing re-resection compared to those treated nonsur-
gically, we can use some published data to inform the debate. Ramanathan et al.
[26] developed a prognostic index in patients developing a local recurrence to
identify initial tumor size, histologic grade, and time to recurrence as the primary
determinants of distant metastases and survival. This suggests that surgical re-
resection for locally recurrent disease should be limited to patients at low risk for
the development of synchronous or metachronous systemic metastases.

5 Retroperitoneal Sarcoma

5.1 Biopsy Versus No Biopsy

The question of a preoperative biopsy for a suspicious retroperitoneal mass is a
vexing one for the nonspecialist. Often biopsies carried out target the wrong part of
the tumor, violate oncological principles, and do not provide information that would
result in a change in management. Generally agreed on indications for biopsy
include presentation with metastatic disease and confirmation of the diagnosis in the
neoadjuvant setting prior to initiation of chemotherapy [27]. Routine biopsy for a
retroperitoneal mass felt to be a sarcoma after adequate work-up is not recom-
mended. Some advocate performance of an intraoperative biopsy at the time of
definitive surgery to confirm the diagnosis prior to radical surgery [27].

Open biopsy involves general anesthesia and a second operation for definitive
treatment. CT-guided core biopsy is less invasive and costly but runs the risk of
seeding of the needle tract [28]. An adequately performed core biopsy has been
shown to be 95 % accurate for diagnostic purposes, but less so for detailed
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information such as grade, and can be considered the modality of choice if a biopsy
is indicated [29]. In general, if the information gained by a preoperative biopsy is
not going to change management, then it is not routinely recommended.

5.2 Radical Compartment Surgery Versus Complete
Resection

The basic principles of surgery for retroperitoneal sarcomas involve complete
removal of the tumor with negative margins. Violation of the pseudocapsule often
results in a marginal resection and is to be avoided. The best outcomes are obtained
in series that have achieved an R0 or microscopically negative resection. Macro-
scopically incomplete resection (R2) does not result in better survival outcomes
than biopsy alone [30]. These facts have led to increasingly radical surgery to
improve margin negative rates and long-term survival. Multivisceral resections and
vascular reconstruction are techniques used to accomplish this. Theoretically, this
should also lead to increased morbidity, yet there is little data to show this, likely
because of publication bias. Analysis of the American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP) showed that mul-
tivisceral resection of contiguous organs in patients undergoing surgery for retro-
peritoneal sarcoma did not lead to an increase in 30-day or overall morbidity [31].

More recently radical compartment surgery has been proposed as a surgical
technique to improve local control and possibly survival outcomes. This involves
complete en bloc removal of organs present in the compartment of the abdomen
containing the tumor, even if the organs themselves are not involved directly.
Bonvalot et al. [30] reported a 93 % complete macroscopic resection rate when the
median number of organs resected with the tumor was 2. At 5 years, overall
survival was 65.4 % and local and distant recurrence cumulative incidences were
22.3 and 24.2 %, respectively. These results come at the expense of serious mor-
bidity in 18 % and surgical reintervention in 12 % of patients. The same group has
previously shown that compartmental resection predicted a 3.29-fold lower rate of
abdominal recurrence compared with complete resection on multivariable analysis
[32]. However, compartmental resection was not associated with an improvement in
overall survival, which has led to criticism of this technique [33]. Until the role of
selection bias can be eliminated by a head-to-head randomized comparison with
complete resection, the jury is still out on whether compartment surgery can be
considered as standard of care for improving local recurrence. The relative impact
on QOL and cost of treatment will also need to be further studied.

5.3 Radiation Therapy

The utility of radiation to improve locoregional control as an adjunct therapy to
surgery for retroperitoneal sarcoma is yet to be clearly defined, with no randomized
trials to demonstrate efficacy. Nevertheless, local recurrence remains the main cause
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of death even in patients with radical compartmental resection, suggesting that
further improvement in local control will not be achieved by surgery alone. The
American College of Surgeons Oncology Group (ACOSOG) attempted a phase III
randomized trial (Z9031) to address the role of radiation in retroperitoneal sarcoma.
Accrual to the trial was poor, leading to early closure [34]. Leaving asides issues of
efficacy, treatment sequencing and modality of radiation delivery also need to be
clarified for retroperitoneal sarcoma.

Retroperitoneal sarcomas present an unique challenge for radiation therapy, in
which the area of the body to be covered may be quite large and potential benefit
balanced against the morbidity of scatter damage to adjacent organs. Radiation has
been used in the pre-, intra- and postoperative setting for these tumors. Potential
advantages for preoperative radiation include shielding of adjacent organs by the
tumor mass itself, better assessment of tumor volume, and a better response to
radiation due to improved oxygenation. Resection of the tumor often results in
displacement of normal tissue into the tumor bed, potentially increasing the dose of
radiation delivered to tissue such as bowel in the postoperative setting [35]. The
ideal sequence with surgery should be determined either by an improvement in
local recurrence, overall survival or improvement in QOL as manifested by a
reduction in complications.

Data on treatment sequencing to date is equivocal, although comparable survival
and local recurrence results have been seen for preoperative radiotherapy when
compared with ‘traditional’ postoperative therapy. Pawlik et al. [36] reported on the
results from two prospective trials that showed a 5-year disease free survival rate of
46 %. This was even higher in patients who had a macroscopically negative resection
after completing radiotherapy; 5-year local recurrence free survival of 60 %. Cur-
rently, preoperative radiotherapy is considered for intermediate or high-grade ret-
roperitoneal sarcomas likely to have close or positive margins following resection. In
most cases, a preoperative biopsy is needed to verify histology prior to initiation of
therapy. Toxicity and impact on quality of QOL has been variable in the reported
series but, in general, appear to be less with preoperative radiation [35, 37].

Modality of radiation delivery also remains unsettled. Attempts have beenmade to
minimize toxicity by alternative targeting methods. Intensity modulated radiation
therapy (IMRT) is an approach which has shown promise in minimizing delivery of
high-dose radiation to regions of the body with low radiation tolerance, such as small
bowel [38]. Intraoperative radiotherapy (IORT) can be delivered alone or in com-
bination with pre- or postoperative external beam radiotherapy. This technique is
limited by the need for a specialized operating room and equipment. Nevertheless, the
use of IORT does appear to augment local control, albeit at the cost of additional
toxicity. In one trial looking at long-term outcome in patients with retroperitoneal
sarcoma treated by preoperative radiation, surgical resection and IORT, patients who
underwent resection only hadworse overall survival (30% vs. 70%) and local control
(61 % vs. 83 %) compared to patients who had both resection and IORT [39].
Additional toxicity that has been reported with IORT is likely due to the exposure of
tissue to the high doses employed and includes neuropathy, ureteral fistula, and bowel
obstruction [40]. Brachytherapy is an alternative technique that has been looked at for
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increasing the dose of radiation delivered to the tumor bed. Again, although the local
control rates are promising, toxicity remains substantial, with reoperation rates of
21.5 % reported in one series in addition to long-term issues [41]. At this time, more
prospective studies with long-term follow up are needed to establish the modality of
choice to deliver radiotherapy for retroperitoneal sarcoma.

5.4 Margin Reporting

Current NCCN guidelines recommend that pathologists with expertise in STS
should review pathological assessment of biopsies and resected specimens, espe-
cially to establish the initial diagnosis. Ancillary techniques such as cytogenetics,
immunohistochemistry, electron microscopy, and molecular genetic testing should
be available as needed. The report itself should include details about the primary,
depth, size, histologic grade, presence or absence of necrosis, status of the excision
margins, tumor, node, and metastases (TNM) stage. Additional features are mitotic
rate, presence or absence of vascular invasion and the type and extent of inflam-
matory infiltration [1]. In particular, the margin status of the resected specimen
should be clearly delineated, as this has direct bearing on the need for additional
therapy and local recurrence.

No well-publicized study to date has looked at the completeness of pathology
reporting for sarcoma following surgical resection. Audits of national registries in
the Netherlands and in Scandinavia show considerable variability in reporting of
margins following surgery for sarcoma [10, 42]. Margin status has direct bearing on
decisions about adjuvant treatment and local recurrence, which in turn may influ-
ence long-term survival. How variability of margin reporting influences compara-
bility of outcomes in the United States is essentially unknown.

5.5 Surveillance Imaging

Surveillance following multidisciplinary treatment of sarcoma is an issue with little
research to guide management. A study conducted by Whooley et al. [43] of 141
patients with extremity sarcoma showed that 20 patients developed local recurrence
on follow up, of which only one was detected by imaging and the rest by physical
examination. Furthermore, 45 % of these recurrences were detected by the patient in
between scheduled doctor visits. The conclusion was that a thorough history and
physical combined with surveillance chest Xray was cost effective, whereas routine
laboratory testing and imaging of the primary tumor site were not. Others have
recommended a more intensive surveillance regimen for high-risk extremity sar-
comas with more frequent chest imaging and abdominopelvic CT scan for retro-
peritoneal sarcoma [44]. Does more intense surveillance improve outcomes for
patients with recurrent sarcomas? How does this influence QOL and cost of care?
These questions are currently unanswered.
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In sum, we have a smattering of data that makes it difficult to establish evidence-
based treatment guidelines. In part, this is due to the nature of this disease; it is rare,
with a considerable amount of histological variation, making timely accrual to large
trial difficult. The time needed to enroll patients, test an intervention, and determine
recurrence/survival would probably be largely outstripped by the evolution of
medical advances. Instead, we need to mine large databases to get sufficient
numbers; since trials have been so difficult to carry out in this disease, observation
studies or decision analyses would be the best way to determine the best course of
treatment for extremity and retroperitoneal sarcomas. Cost-effectiveness studies and
meta-analyses also have a place in further developing the realm of sarcoma studies.

6 Conclusions and Future Directions

Sarcoma care involves multidisciplinary collaboration and the use of several
treatment modalities. Questions about treatment efficacy and sequencing lead to
varying approaches in clinical management. Further research is needed to identify
ideal treatment sequencing for chemotherapy and radiation with surgery. For
interventions that do not improve local recurrence or overall survival, additional
outcomes such as quality of life and cost should be considered when considering
clinical use. The table below summarizes the discussion in this chapter and high-
lights areas of further research needed on the subject.

Outcome

Clinical area Local recurrence/overall survival Quality of
life

Cost

Multidisciplinary
consultation

? NA ?

Guideline oriented care ? NA Lower

Regionalization of sarcoma
care

Improved Improved ?

Soft tissue extremity sarcoma

Neoadjuvant chemotherapy Not improved Similar ?

Neoadjuvant
chemoradiation

Not improved Similar ?

Adjuvant chemotherapy Modest improvement in selected
patients

? ?

Adjuvant radiation Improved local control Worse Higher

Neoadjuvant radiation Equivalent local control Improved ?

Brachytherapy Improved local control ? ?

Radiation modality ? ? ?

Surgery for local recurrence Improved ? ?

Retroperitoneal sarcoma

Preoperative biopsy NA NA ?
(continued)
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(continued)

Outcome

Radical compartment
surgery

? ? ?

Radiation ? ? ?

Surveillance ? ? ?
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Comparative Effectiveness in Thyroid
Cancer: Key Questions and How
to Answer Them

Elliot A. Asare and Tracy S. Wang

Abstract

Controversies in treatment of thyroid cancer remain despite numerous published
studies. Robust comparative effectiveness studies examining: (1) the role of
prophylactic central compartment neck dissection (pCCND) in patients with
papillary thyroid cancer (PTC); (2) the use of post-operative radioactive iodine
(RAI) ablation therapy following total thyroidectomy; (3) use of low versus high
doses of I-131 in RAI therapy; (4) thyroid hormone withdrawal (THW) versus
recombinant thyroid stimulating hormone (rhTSH) prior to RAI; and (5) the role
of routine measurement of serum calcitonin levels are needed to help strengthen
existing treatment recommendations. Reasons for the controversies and sugges-
tions for quality comparative effectiveness studies are discussed.
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1 Comparative Effectiveness in Thyroid Cancer: Key
Questions and How to Answer Them

In the United States (U.S.), the prevalence of clinically palpable thyroid nodules in
adults over age 50 is approximately 5 % [1]. Autopsy, intraoperative and ultrasound
findings estimate the prevalence of thyroid nodules in adults in the U.S. at near
50 % [2–4]. The female to male prevalence ratio of thyroid nodules is 4:1, with
most nodules being benign [1].

Thyroid cancer is the 9th most common cancer in the United States, with an
incidence of 12.2 per 100,000 per year and a mortality rate of 0.5 per 100,000 [5].
The estimated lifetime risk of being diagnosed with thyroid cancer is 1.1 % and the
relative 5-year survival is 97.7 % [5]. The three primary histologic types are dif-
ferentiated (papillary, follicular, Hurthle cell), medullary, and anaplastic thyroid
cancer. Papillary thyroid cancer (PTC) accounts for over 80 % of all cases of
thyroid cancer [1, 6].

The absolute increase in the incidence of thyroid cancer is estimated to be 9.4 per
100,000 individuals, with PTC accounting for the majority of these cases [7]. With
such a significant increase in the incidence of thyroid nodules and thyroid cancer,
robust evidence-based guidelines to provide all providers with a framework for the
management of the patient with thyroid cancer is critical. Topics in the treatment of
differentiated thyroid cancer (DTC) where comparative effectiveness studies would
help strengthen the level of evidence-based recommendations include: (1) the role
of prophylactic central compartment neck dissection (pCCND) in patients with
PTC; (2) the use of post-operative radioactive iodine (RAI) ablation therapy fol-
lowing total thyroidectomy; (3) use of low versus high doses of I-131 in RAI
therapy; and (4) thyroid hormone withdrawal (THW) versus recombinant thyroid
stimulating hormone (rhTSH) prior to RAI. The role of routine measurement of
serum calcitonin levels in patients with thyroid nodules also will be discussed.
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2 Prophylactic Central Compartment Neck Dissection
(pCCND) for Papillary Thyroid Cancer

The incidence of macroscopic cervical lymph node metastases, detectable by
physical examination, cervical ultrasonography, or visual inspection at the time of
surgery, in patients with PTC is between 20 and 50 %, while the incidence of
micrometastasis approaches 90 % [2]. The central neck compartment (level VI) is
the most common site of lymph node metastases in patients with PTC [8, 9].
The central compartment is bounded by the hyoid bone (superior), carotid artery
(lateral), sternal notch or innominate artery (inferior), Fig. 1 [10].

Fig. 1 The central compartment of the neck (reprinted with permission from Carty et al.) [10]
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The American Thyroid Association (ATA) defines central compartment neck
dissection (CCND) as “the comprehensive, compartment-oriented removal of the
prelaryngeal, pretracheal and at least one paratracheal lymph node basin” [2]. There
is consensus that patients with clinically apparent (N1a) central compartment lymph
nodes should undergo total thyroidectomy with therapeutic CCND [2]. However, in
view of the prevailing contradictions on the effect of lymph node status on recur-
rence and survival, there is no consensus on the role of routine pCCND in patients
with PTC and no clinical evidence of lymph node metastases (clinically N0), either
by physical examination, preoperative ultrasonography, or intraoperative inspection
at the time of thyroidectomy. As level C evidence, the current ATA guidelines on
the management of patients with DTC recommends that patients with advanced
primary tumors (T3 or T4) with clinically negative lymph nodes may undergo
pCCND while patients with small tumors (T1 or T2) with no clinically apparent
lymph nodes may be spared CCND [2]. This section will highlight some of the
pros and cons of pCCND with regards to locoregional recurrence, survival, and
postoperative complications based on studies from various single institution, multi-
institution and large administrative databases. The reasons for the persistent con-
troversies and how they could be effectively resolved will also be discussed.

Generally accepted prognostic factors for PTC include age, tumor size, com-
pleteness of resection, extrathyroidal extension, and the presence of distant
metastases (Table 1) [11–14]. The effect of locoregional lymph node metastases on
rates of recurrence and survival in patients with PTC remains controversial.

2.1 Recurrence

Single and multi-institution studies estimate the locoregional recurrence rate of
patients with PTC to be 6–59 % [15–18]. The central compartment is the most
common site of recurrence [16]. There is increased cost and morbidity in patients
with recurrent disease, given that reoperative cervical surgery is associated with
higher rates of recurrent laryngeal nerve injury and hypoparathyroidism, both
transient and permanent [19–21]. The probability of recurrence is influenced by the
lymph node status of the patient, with clinically node-positive patients having a
higher rate of recurrence [22]. Studies on the role of pCCND in decreasing tumor
recurrence have yielded contradictory results [9, 23–25].

Table 1 Common prognostic factors for differentiated thyroid carcinoma [12, 37, 88]

Name of prognostic grouping Components

AMES Age, Metastases, Extent of disease, Size of tumor

AGES Age, Grade, Extent of disease, Size of tumor

MACIS Metastases, Age, Completeness of resection, Invasion,
Size of tumor

TNM Tumor, Node, Metastasis, Age
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The sensitivity of high-resolution ultrasonography in detecting cervical lymph
node metastases is reported to be 52 % with a false negative rate of 58 % [26].
While ultrasonography has a higher detection rate than physical exam alone in the
detection of metastatic lymphadenopathy, the overall detection rate remains low.
Given the difficulty in predicting the presence of metastatic lymphadenopathy
preoperatively, one would expect that reliance on only therapeutic CCND at the
time of thyroidectomy would miss a significant number of patients with micro-
metastatic lymphadenopathy [27]. As a result, failure to remove microscopic
metastases at the time of initial thyroidectomy would theoretically place patients at
a higher risk for recurrent DTC and need for further treatment, including reoperative
surgery [22, 28].

Early locoregional recurrence of DTC may be due to existing nodal metastases
which was not recognized pre- or intraoperatively and thus not removed at the index
operation, if routine pCCND was not performed [28]. In addition, routine pCCND
and resection ofmicrometastatic nodal diseasemay influence the need for, and dosage
of I-131 given at the time of subsequent RAI, although data are conflicting [27, 29,
30]. Some studies have found that patients in whom the true nodal status is unknown
because they did not undergo pCCND may be under-treated and subsequently are
more likely to have a locoregional recurrence; this is in part due to the fact that
identification of micrometastasis ‘upstages’ PTC from Nx to N1a disease, in the
American Joint Committee on Cancer (AJCC) staging system and N1a PTC is con-
sidered “Stage III” PTC in patients >45 years [27, 29, 31, 32]. Other studies, however,
suggest that performance of pCCND and identification of micrometastasis may
preclude the need for RAI in patients with undetectable serum thyroglobulin levels
and no evidence of disease onwhole body prescans performed at the time of RAI [30].

Serum thyroglobulin is a postoperative marker for recurrent PTC and higher
rates of athyroglobulinemia have been reported among patients who underwent
total thyroidectomy with ipsilateral pCCND [33]. A meta-analysis of 11 published
studies with a total of 2,318 patients revealed a lower trend toward recurrence in
patients treated with total thyroidectomy and prophylactic central neck dissection,
although statistical significance was not reached, OR 0.59 (95 % CI 0.33–1.07) in
favor of total thyroidectomy with pCCND [34]. The pooled recurrence rate for total
thyroidectomy with pCCND was 4.7 % compared to 7.9 % in the total thyroid-
ectomy group [34].

Contrary to the studies reporting favorably on the effect of pCCND on recur-
rence, some studies have not found more aggressive surgery to correlate with
decreased recurrence [16, 35]. A single institution, retrospective cohort review of
patients with PTC over a 60 year period found the recurrence rate among clinically
node negative patients to be 0.8 % compared to a recurrence rate of 16 % in patients
who had clinically positive lymph nodes at presentation [16]. There was no
increased risk of mortality from thyroid cancer in the cohort that experienced tumor
recurrence. Another single institution study in which all surgeries were performed
by a single surgeon, did not find any central neck recurrence in patients who
received total thyroidectomy with CCND, however, lateral neck recurrences were
observed in 5 patients who had more than 5 metastatic central neck lymph nodes on
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therapeutic CCND only [36]. These findings would suggest that pCCND offers no
benefit to patients with clinical N0 disease [36].

Contrary to other studies, another single institution retrospective cohort study in
which both groups received post-operative 131-I therapy found similar levels of
serum thyroglobulin levels at 1-year follow-up in both patients who underwent total
thyroidectomy alone versus total thyroidectomy with pCCND [27].

2.2 Survival

Both single-institution, retrospective cohort studies and those using larger admin-
istrative databases, such as Surveillance, Epidemiology, and End Results (SEER)
have reported no effect of metastatic cervical lymph nodes on survival [26, 37, 38].
In one study using the SEER database, multivariable analysis of the factors pre-
dictive of survival in patients with PTC did not find the effect of cervical lymph
node metastasis to be statistically significant [38].

In contrast, a separate study also utilizing the SEER database reported a relative
risk of 1.3 (1.20–1.5) in patients with positive cervical lymph node metastasis when
multivariable analysis was performed for prognostic factors of survival [39]. The
role of pCCND on survival is hard to evaluate given the relatively long-term survival
in patients with PTC. A prospective cohort study of patients with PTC who received
total thyroidectomy with microdissection in the city of Göteborg showed that over a
median follow-up of 13 years, 1.6 % died from thyroid cancer compared to 8.4 and
11.1 % with median follow-up of 10 and 11.4 years from Bergen and Helsinki
respectively where patients underwent “node picking” or no information on lymph
node dissection was provided [40]. In a thorough systematic review evaluating the
effect of CCND on survival [23], studies from various institutions across the world
reported conflicting results. A retrospective cohort study from Hannover, Germany
in which 342 patients with PTC were analyzed, found improved survival in the
cohort who received systematic compartment oriented dissection compared to the
cohort who received selective node removal [24]. On the contrary, another single
institution retrospective cohort review of 139 patients with DTC did not find lym-
phadenectomy to improve survival [41]. No higher level evidence exists to con-
clusively settle on the effect of pCCND on survival among patients with DTC [23].

2.3 Morbidity

The potential complications of CCND include hypoparathyroidism (transient or
permanent), recurrent laryngeal nerve injury (transient or permanent), esophageal
injury, tracheal injury, seroma, hematoma and wound infection [42]. Transient
hypoparathyroidism is the most common complication of both thyroidectomy and
CCND, whether performed as a therapeutic or prophylactic procedure [9, 43].
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In a meta-analysis of 5 studies with a total of 1,132 patients with DTC, transient
hypoparathyroidism was an increased adverse event in patients undergoing thy-
roidectomy and CCND compared to thyroidectomy alone [42]. The reported inci-
dence of transient hypocalcemia for thyroidectomy with or without CCND ranges
from 1.6 to 53.6 % [20]. The rates of permanent hypoparathyroidism (1.2 %),
transient vocal cord palsy (3.4 %), permanent vocal cord paralysis (1.1 %) and
hemorrhage (1–2 %) were similar between those who underwent total thyroidec-
tomy alone compared to recipients of total thyroidectomy with CCND, Table 2
[42]. Furthermore, different single institution studies report increased risk of
hypoparathyroidism and recurrent laryngeal nerve injury in reoperative CCNDs,
suggesting that prevention of reoperative surgery, perhaps by performing prophy-
lactic CCND at the time of initial surgery, may be appropriate [23, 28, 44].

Still other studies, both single institution retrospective and prospective cohort
studies, have found the complication rates of initial pCCND to be comparable to
reoperative CCND [9, 45], thus suggesting that if patients experience a recurrence,
they can be operated on safely and therefore they should not undergo CCND at first
operation if cervical nodes are clinically negative. A large single institution retro-
spective review of 295 patients at a high-volume center in which 189 patients had
initial total thyroidectomy with pCCND and 106 patients underwent reoperative
surgery reported the following rates of complications when comparing the two
cohorts: permanent hypoparathyroidism (0.5 % vs. 0.9 %), neck hematoma (1.1 %
vs. 0.9 %), permanent hoarseness (2.6 % vs. 1.9 %) [9]. Furthermore, in contrast to
the previously discussed meta-analysis by Chisholm et al. [42] in which patients
undergoing total thyroidectomy and pCCND had only transient hypoparathyroidism
as a worse outcome compared to total thyroidectomy alone, others have reported
increased rates of permanent hypoparathyroidism [23, 46]. A systematic review of
multiple single institution cohort studies by White et al. concluded that the rate of
permanent hypoparathyroidism may be higher in patients who undergo CCND [23].
The sub-samples analyzed in the cohort studies to derive the incidence of permanent
hypoparathyroidism were small and the reported rates of permanent hypoparathy-
roidism ranged from 1.4 to 4 % among the cohort who underwent total thyroidec-
tomy with CCND [23]. These data would suggest that pCCND may place patients at
higher risk of postoperative morbidity.

The majority of previous studies investigating the issue of pCCND in patients
with PTC have been case reports, case series, prospective, or retrospective review
of single or national databases, although some meta-analyses have recently been
performed. Another weakness of the single institution studies is that, they are

Table 2 Complications and
incidence rates for total
thyroidectomy with or
without central compartment
neck dissection [42]

Complication Incidence (%)

Permanent hypoparathyroidism 1.2

Transient vocal cord palsy 1.1

Permanent vocal cord paralysis 3.4

Hemorrhage 1–2
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usually done at high-volume centers where surgeries are done by very experienced
surgeons; hence the findings may not be generalizable. Furthermore, much of the
existing literature comparing postoperative morbidity in patients undergoing total
thyroidectomy with or without CCND do not accurately distinguish between pro-
phylactic and therapeutic CCND and the extent of lymphadenectomy performed is
difficult to assess in a retrospective manner. None of the studies on this contro-
versial issue has a level of evidence better than III, Grade C. Despite the benefit of
large sample size in studies using Surveillance, Epidemiology and End Results
(SEER) data, the lack of a robust randomized controlled clinical trial to effectively
compare thyroidectomy alone versus thyroidectomy with pCCND has left this
controversy unresolved. A randomized, controlled study examining postoperative
calcium supplementation in patients following total thyroidectomy did not identify
patients undergoing CCND, prophylactic or therapeutic, to be at higher risk of
postoperative hypoparathyroidism, although this study was not designed to look
specifically at the issue of CCND [47].

2.4 Challenges to Obtaining a Higher Level of Evidence

There are several challenges to conducting a randomized controlled trial to address
the role of pCCND in patients with PTC. The low incidence of PTC, the overall low
morbidity associated with pCCND and the favorably long survival necessitates a
very large sample size and long follow-up time in order to detect statistically
significant differences in outcome [45]. The feasibility of a multicenter randomized
controlled trial is also constrained by the high budgetary estimate of $20 million
[45]. Existing studies are limited by multiple factors. First, there is heterogeneity of
the histology of study participants. In some studies, there are no separate subgroup
analyses between PTC and follicular thyroid cancer; follicular thyroid cancer does
not typically spread via the lymphatic channels and therefore, pCCND has little
clinical utility in this subset of patients. Second, earlier studies may not meet the
current ATA definition of a pCCND, making the extent of lymphadenectomy
difficult to determine. Next, most existing studies did not have a control group of
patients who did not undergo CCND and there is wide variability in inclusion/
exclusion criteria and confounding factors, thus making it difficult to examine the
direct effect of pCCND. Finally, temporal trends in knowledge, imaging, diagnosis,
surgical technique and patient preferences call for a more robust, contemporary
study.

2.5 How High Quality Evidence May Be Obtained

Large healthcare systems with integrated electronic health records such as American
College of Surgeons National Surgical Quality Improvement Program (ACS
NSQIP) regional collaboratives may be able to implement a prospective cohort study
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to compare patients with cN0 who receive total thyroidectomy with age-matched
patients with cN0 who undergo total thyroidectomy with pCCND. In such a study,
standardized definitions of variables would be used thus decreasing the variability
that has characterized most existing studies. Given the favorable long-term survival
in patients with PTC, these cohort studies would examine short to medium term
outcomes such as complications and recurrence. Also, the findings are likely to be
more generalizable since the spectrum of hospital volume and surgeon experience
will reflect the real world as opposed to a single institution. While this type of
prospective cohort study may not be as robust as RCT, it may not be hampered by
the same barriers that make RCT infeasible [45].

3 Postoperative Radioactive Iodine Therapy
for Papillary Thyroid Cancer

RAI using 131-I is an important adjunct in the treatment of patients with PTC.
Given the high avidity of thyroid tissue for iodine, administered 131-I enters
remnant thyroid tissue where it kills tissues. Controversy exists regarding: (1)
whom should undergo additional postoperative treatment with RAI; (2) THW
versus recombinant TSH (rhTSH) stimulation prior to remnant ablation; and (3) the
optimal dose of 131-I.

3.1 Indications for Administration of RAI in Patients
with PTC

RAI is used for remnant thyroid tissue ablation resulting in the [2, 48] (i)
destruction of microscopic remnants of thyroid tissue with the goal to decreasing
tumor recurrence (ii) facilitation of follow-up and early detection of persistent or
recurrent disease based on serum thyroglobulin levels (iii) facilitation in identifying
previously undiagnosed or persistent disease when the post-ablation therapy scan is
performed. 131I may also be used for adjuvant therapy after complete surgical
resection [2].

There remains debate about the use of postoperative RAI in patients with PTC,
particularly in patients at low-risk for disease recurrence. Factors predictive of low-
risk versus high-risk for disease recurrence and mortality are shown in Table 3 [49].

The ATA has made recommendations for use of RAI ablation based on the
AJCC TNM staging criteria for PTC, Table 4 [2]. With the exception of patients
with metastatic disease, no level A evidence exists to guide the recommendations,
hence the persistent variation in the use of RAI therapy, although studies have
shown an increasing trend in RAI usage [50]. A recent retrospective review of the
SEER database found that for every 3 years, there is an average increase in RAI use
by 1.5 % [50].
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3.2 Does RAI Decrease Recurrence and Improve Survival?

The effect of RAI on recurrence and survival has been debated. Some cohort studies
and case series have reported decreased recurrence and improved disease-specific
mortality in patients treated with RAI after thyroidectomy [2, 15, 51, 52].
Decreased rates of pulmonary metastases has been reported in patients treated with

Table 3 Factors predictive of high versus low risk of recurrence and mortality (adopted and
modified from Mazzaferri and Kloos) [49]

High risk features Low risk features

Age <15 years or >45 years Age 15–45 years

Male sex Female sex

Family history of thyroid cancer

Size >4 cm in diameter Size <4 cm

Bilateral disease Unilateral disease

Vascular invasion No vascular invasion

Extrathyroidal extension No extrathyroidal extension

Cervical/mediastinal lymph node metastasis No lymph node metastasis

High histologic grade Low histologic grade

Poor concentration of radioiodine in tumors
or metastasis

Tumors with high radioiodine avidity

Distant metastasis No metastasis

Table 4 Factors, recommendations and level of evidence regarding radioiodine remnant ablation
(adopted and modified from ATA guidelines) [2]

Factors Description Recommendation Strength of
evidence

T1 1 cm or less, intrathyroidal or microscopic
multifocal

No E

1–2 cm, intrathyroidal Selective use I

T2 >2–4 cm, intrathyroidal Selective use C

T3 >4 cm

<45 years old Yes B

≥45 years old Yes B

Any size, any age, minimal extrathyroidal
extension

Selective use I

T4 Any size with gross extrathyroidal extension Yes B

Nx, N0 No metastatic nodes documented No I

N1 <45 years old Selective use C

>45 years old Selective use C

M1 Distant metastatic disease Yes A
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surgery and 131-I compared to those treated with surgery alone [49]. Also, a single
institution cohort study found decreased rates of recurrence in patients with
microscopic residual disease treated with RAI [53]. A review of a single institution
data by Mazzaferri and Kloos [49], in which recurrences were examined in a large
cohort over a 40 year period revealed that patients who received total thyroidec-
tomy with RAI and L-thyroxine therapy had fewer recurrences compared to those
who had total thyroidectomy with L-thyroxine but without RAI. An older single
institution study which reviewed a large cohort of patients with well DTC in which
736 patients received surgery and RAI therapy versus 863 who received surgery
only, concluded that RAI treatment was the single most important prognostic factor
for recurrence (p < 0.0001) [52].

However, there is no higher level evidence based on robust randomized con-
trolled trials to support the claim of decreased disease recurrence and improved
disease specific survival among patients who receive post-surgical RAI ablation
[48]. A thorough systematic review and meta-analysis has not found consistent
benefit of RAI therapy in decreasing disease recurrence and disease specific
mortality.

Due to the inconsistent results from single institution studies on the benefits of
RAI use on disease-specific survival and tumor recurrence, some have questioned if
RAI therapy for some risk groups with PTC are necessary [54, 55]. Increased rate of
secondary malignancies (absolute risk of 2 % for second primary malignancy,
absolute risk of 0.4 % for leukemia) [56], sialoadenitis (estimated incidence of
2.8–33 %) [57, 58] and decreased quality-of-life are some of the adverse effects of
RAI therapy [54, 59]. Studies reporting these negative effects of postoperative RAI
therapy are single institution retrospective reviews, case reports or case series and
hence lack the strength of evidence to sway proponents of RAI therapy.

3.3 Thyroid Hormone Withdrawal Versus Recombinant
TSH Prior to Remnant Ablation

TSH stimulation is required before postoperative RAI ablation of the remnant
thyroid tissue. TSH stimulation could be either via withholding of exogenous
thyroid hormone (withdrawal) or administration of exogenous rhTSH [2]. rhTSH is
a synthetic analog of endogenous TSH, which is produced by the anterior pituitary
gland. Unlike endogenous TSH, which is both sialylated and sulfated, rhTSH is
only sialylated [60]. rhTSH binds to the TSH receptor on normal thyroid follicular
cells or well-differentiated thyroid cells where the adenylate cyclase and the
phosphatidylinositol signaling pathways are activated and therefore mimics the
hypothyroid state [60].

THW induces hypothyroidism in patients, which may lead to symptoms such as
decreased cognitive function, altered emotional state, and physical discomfort.
Randomized controlled trials and a number of prospective cohort studies have
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demonstrated the decreased quality-of-life in patients who undergo THW prior to
postoperative RAI [61–64]. In a single institution randomized controlled trial, there
was a statistically significant difference in a quality-of-life survey comparing use of
rhTSH versus THW prior to RAI. Patients in the rhTSH arm demonstrated better
scores on each of the following measures: symptoms and signs of hypothyroidism,
duration of symptoms, impact on daily and social life, mood changes and cognitive
dysfunction and genital dysfunction [61]. Furthermore, use of rhTSH avoids the
need to induce hypothyroidism and is invaluable in clinical situations where THW
is contraindicated prior to postoperative RAI therapy, such as congestive heart
failure, hyponatremia, and adrenal insufficiency [65]. Initial doubts about the
effectiveness of rhTSH on successful tumor ablation have been answered by a
number of studies using randomized controlled, prospective cohort and retrospec-
tive study designs [66–68]. A retrospective review of a single institution study
comparing 74 patients who underwent THW before remnant ablation versus
320 patients treated with rhTSH before remnant ablation reported similar time to
recurrence in the two groups as well as similar rates of disease recurrence (4 % in
rhTSH group vs. 7 % in the THW group, p = 0.1) [68].

Questions remain about the appropriate dose of 131-I to utilize when adminis-
tering postoperative RAI with rhTSH. Some studies have reported comparable
outcomes with low-dose RAI after TSH stimulation using rhTSH or THW in patients
at low-risk for recurrent PTC [61, 67, 69]. A single institution prospective study of
162 patients with DTC followed for 10 years after post-surgical therapy with rhTSH
or THW before remnant ablation with 1.1 GBq (30 mCi) found no statistically
significant difference in disease recurrence between those who received rhTSH and
the THW group [69]. This result differs from that done by a prospective cohort study
with a control group in which patients treated with 30 mCi (low dose) of RAI had
significantly lower ablation rates [70]. This was a prospective cohort study with
controls that compared the success of remnant ablation (assessed by 131-I WBS) in a
cohort treated with rhTSH before remnant ablation versus cohort who underwent
THW before remnant ablation. Findings showed successful remnant ablation rate of
54 % in the group who received rhTSH compared to 84 % in the THW group [70].

Initial concerns about the cost-effectiveness of using rhTSH compared to THW
have recently been addressed. Cost-effectiveness studies have concluded that
despite the high cost of rhTSH, avoidance of hypothyroidism and associated
decreased quality-of-life which may impair productivity and safety afforded by
rhTSH make the cost equivalent to THW [62, 71]. A study in which 236 patients
were surveyed (61 % response rate) examined comparative cost-effectiveness of
rhTSH versus THW withdrawal using a pharmacoeconomic model on the following
measures; medical cost, missed work time or decreased productivity and accident
and concluded that costs to society associated with THW exceeded that of rhTSH
by 25 % [62]. Another cost- effectiveness study found that differences in societal
cost between rhTSH and THW were dependent on days of work lost, cost of
rhTSH, duration of THW, rates of failure of remnant ablation and patient’s utility in
the first 12 weeks after thyroidectomy [71].
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Current ATA guidelines on the management of patients with DTC state that
“remnant ablation can be performed following thyroxine withdrawal or rhTSH
stimulation” [2].

3.4 Low- Versus High-Doses of 131-I in Administration
of RAI for Patients with DTC

The optimal dosage of 131-I to use for remnant ablation continues to be an area of
controversy. Because of increased side-effects such as sialoadenitis and increased
second primary tumors with “high” doses of 131-I [56, 58], as well as the long-term
risk of developing pulmonary fibrosis with large cumulative doses of RAI, some
have questioned the use of “high” doses of 131-I by citing studies in which “low”
doses have achieved similar outcome as “high” doses [72, 73]. A meta-analysis of
9 randomized controlled trials concluded that remnant ablation with 30 mCi was as
successful as 100 mCi with associated fewer adverse events [73]. However, some of
the individual randomized controlled trials included in the study had different
thresholds for “low-dose” versus “high-dose”, as well as different criteria for
evaluating success of ablation, making interpretation of the results difficult to
generalize [73]. Additionally, the individual studies had relatively low sample sizes
(range 40–752 patients). On the contrary, a double blind randomized controlled trial
from a single institution in which 341 patients were randomized to treatment with
100 mCi (“high”) versus 30 mCi (“low”) showed that patients in the “low” dose
group often required a second dose, leading to increased cumulative activity
(median dose of 130 mCi vs. 100 mCi, p < 0.0001) and had longer inpatient stay
(median of 4 days vs. 3 days) [74].

3.5 Challenges to Obtaining a Higher Level of Evidence

The controversy regarding post-surgical RAI use persists due to some issues that
affect the quality of previously published studies. Some of the prospective cohort
studies and retrospective cohort studies from single institutions did not have control
arms to allow for effective comparison of treatment effect. Also, in studies com-
paring surgical therapy alone versus surgical therapy plus RAI, some participants in
the latter group may have received additional therapy such as hormonal therapy
thus making it difficult to attribute treatment effect to RAI therapy only. Further, the
degree of surveillance for recurrence may vary from institution to institution and
thus the reported recurrence rates may not be generalizable. Additionally, variation
in RAI dosage among various institutions does not allow for accurate comparison of
studies to allow for a definitive conclusion to be drawn. Finally, different methods
of assessing success of remnant ablation have been used in different studies thus
affecting their comparability.
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3.6 How High Quality Evidence May Be Obtained

A large, multicenter randomized controlled trial comparing outcomes in patients
who receive low-dose RAI with high-dose RAI may help resolve this controversy.
The ideal study protocol would use generally agreed upon standard definitions and
end-points in order to avoid ambiguity which would decrease the validity of the
results; it would be particularly important to utilize standard definitions of disease
persistence and recurrence. Participating centers would agree on a single dosage for
“low” and “high” respectively and on use of rhTSH versus THW. Short- and
intermediate-term outcomes such as success of remnant ablation, based on serum
thyroglobulin and/or follow-up radiographic studies, salivary gland dysfunction,
lacrimal gland dysfunction, and patient quality-of-life could be assessed with a
multicenter RCT.

Given the favorably long-term survival among patients with PTC, a prospective
cohort study of patients in an ideal geographic region with easy access to healthcare
and well established follow-up system may enable an assessment of the effect of
post-operative RAI therapy on recurrence and disease specific survival. The quality
of such a prospective cohort study will be improved if standards for “low-dose”,
“high-dose”, and methods of assessing response to treatment are determined before
start of study.

Also, to address the controversy surrounding appropriate dosing of 131-I in
patients stimulated with rhTSH, a large multicenter randomized controlled trial with
well-defined inclusion and exclusion criteria, as well as standard defined “low dose”
versus “high dose”, and end-points that can be assessed with standard techniques or
lab measurements would be ideal.

4 Routine Serum Calcitonin Screening for Thyroid
Nodules

Medullary thyroid carcinoma (MTC) comprises 2–4 % of the incidence of all
thyroid cancers [75, 76]. Among patients with thyroid nodules, the prevalence of
medullary thyroid cancer is estimated between 0.4 and 1.4 % [77–80]. It is rela-
tively more aggressive than PTC and has a reported overall relative survival of
75 % at 10 years [75]. MTC may be inherited as autosomal dominant in 20–25 % of
cases or occur sporadically in the rest of cases [81]. Prognostic factors for med-
ullary thyroid cancer include age at diagnosis, extent of tumor, nodal disease, extent
of surgical resection and distant metastases [81, 82]. Given the poor prognosis
associated with late stage MTC, efforts to aid early diagnosis are being pursued.

Routine serum calcitonin levels in all patients with thyroid nodules in order to
screen for possibleMTC is common practice inmost European countries, [77] in large
part because of the inability to appropriately interpret indeterminate values [2]. While
serum calcitonin levels <10 pg/mL is considered normal and >100 pg/mL is nearly
diagnostic for MTC, serum calcitonin levels can be elevated in patients with elevated
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serum gastrin levels, follicular neoplasms, Hashimoto’s thyroiditis, renal failure,
and with alcohol or tobacco use. In Europe, indeterminate serum calcitonin levels
(20–100 pg/mL) can be stimulated with pentagastrin to determine the risk of MTC.
However, in the United States, pentagastrin is not available and calcium stimulation is
a far less reliable method. As a result, current ATA guidelines do not endorse routine
screening of serum calcitonin levels in patients with thyroid nodules [2, 81].

A number of prospective, non-randomized studies have shown that serum cal-
citonin is the most sensitive screening test for diagnosing occult medullary thyroid
cancer in thyroid nodules [83–86]. Some of the reasons for the difference in practice
patterns on the use of routine serum calcitonin screening in the United States
include: lack of a robust randomized controlled trial, the reliance of screening on
pentagastrin to increase specificity in patients with indeterminate levels, questions
about assay performance, and the cost-effectiveness of screening for a rare disease
[2]. A cost-effectiveness study from North America concluded that routine serum
calcitonin screening was appropriate and comparable to colonoscopy and mam-
mography [87]. A limitation of this study was the inclusion of patients with
micromedullary carcinoma and C-cell hyperplasia in the prevalence estimate [2].
Barriers to conducting a randomized controlled trial to evaluate the role of routine
serum calcitonin screening on early detection of MTC include: (i) rarity of MTC,
leading to difficulties with accrual and adequate power; (ii) unavailability of pen-
tagastrin in North America; and (iii) variability in assay preparation.

A randomized controlled trial in the United States does not appear to be feasible,
given the lack of an accurate way to interpret serum calcitonin levels and the
relative rarity of this disease. Any attempt to evaluate the effectiveness of routine
calcitonin screening in human subjects in the US is limited by the unavailability of
pentagastrin. While some of the European studies evaluating the role of routine
calcitonin in diagnosing MTC are of high quality, comparable studies cannot be
conducted in the U.S. due to Food and Drug Administration (FDA) regulation and
hence this issue will remain unresolved for a while.
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Comparative Effectiveness in Head
and Neck Malignancies

Carol M. Lewis, Katherine A. Hutcheson and Michael E. Kupferman

Abstract

To date, there is limited comparative effectiveness research (CER) in head and
neck surgical oncology. Several barriers exist, the most common of which
include low patient accrual, selection bias inherent to observational studies, and
the difficulty of integrating both clinical and functional outcomes. Areas in need
of meaningful CER range from initial evaluation to post-treatment surveillance,
as well as the identification and evaluation of significant quality metrics and
patient-reported outcomes. Despite existing hurdles, careful study design and
statistical analyses can address current gaps in head and neck cancer care.
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1 Introduction

Medical literature is classified based on the strength of study design to assist in
evaluating the impact of a particular study; in each of these, randomized controlled
trials (RCTs) or systematic reviews of RCTs provide the highest level of evidence,
with observational studies considered less cogent [1]. Recently, there has been
increasing emphasis on comparative effectiveness research (CER), the role of which is
to identify and validate diagnostic and treatment options for physicians, patients,
payers, and policymakers in an attempt to provide the best medical care for patients
while containing costs [2, 3]. The Institute ofMedicine defines CER as “the generation
and synthesis of evidence that compares the benefits and harms of alternative methods
to prevent, diagnose, treat, andmonitor a clinical condition, or to improve the delivery
of care” [4]. CER aims to achieve this in a way that applies to the general population;
fundamental to this is that the study population is diverse and assembled from a
primary care practice setting with outcomes that include decisions based on patients’
values [5]. With these goals in mind, RCTs do not necessarily represent the best study
design; some authors argue that RCTs determine efficacy, not effectiveness [5].

In head and neck oncology, RCTs do not generally compare different treatment
modalities. However, one pivotal RCT changed the approach to advanced laryngeal
cancer by comparing surgery and postoperative radiation to induction chemother-
apy followed by radiation for advanced laryngeal cancer. Finding no difference in
overall survival, this study promoted organ preservation approaches to head and
neck cancer [6]. Subsequently, the organ preservation approach to hypopharyngeal
cancers was evaluated in a RCT comparing surgery with postoperative radiation to
induction chemotherapy followed by radiation; both groups were found to have
similar median survivals [7]. These studies lead to widespread acceptance of organ
preservation management of advanced laryngeal and hypopharyngeal cancers, as
reflected by longitudinal clinical registry data [8, 9]. Surprisingly, this change in
treatment paradigm has been accompanied by a decrease in survival, especially at
low-volume community medical centers [8, 9]. This potentially reflects the danger
of generalizing the findings of RCTs, which have clearly outlined patient eligibility.
For example, a RCT comparing induction chemotherapy to concurrent chemo-
therapy for advanced laryngeal cancers exclude those patients who present with
cartilage destruction; [10] this criterion may not be appropriately recognized when
recommending organ-preserving treatments. Additionally, patients included in most
head and neck oncology RCTs are younger and healthier than this general patient
population [2]. The majority of the otolaryngology literature consists of a low level
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of evidence, with the majority of studies containing level 4 evidence, but this
landscape is changing [11]. Carefully-designed observational studies, which rep-
resent lower echelons of evidence strength, may complement RCTs and provide
meaningful CER in head and neck oncology [2].

2 Major Barriers to Comparative Effectiveness
Research

2.1 Powering Meaningful Studies

In 2014, the projected incidence of head and neck cancer is 55,070 people or 3.3 %
of all cancers, and the projected mortality is 12,000 deaths or 2.0 % of all cancer
deaths [12]. With such a small portion of the general population affected, it is
difficult to accrue enough patients to studies to have meaningful results, especially
as compared to a more prevalent medical condition, such as otitis media [13].
Without enough patients for appropriate power, negative results do not necessarily
mean that a significant difference does not exist.

A meta-analysis of prophylactic antibiotic use in head and neck surgery patients
identified 7 RCTs between 1981 and 2003 that compared 24 h of peri-operative
antibiotics to a longer course (3–4 days in some trials, 5 days in others). Each of
these studies were underpowered, so the result of no difference between the treat-
ment groups was not particularly reliable; by pooling these results in a meta-analysis,
the authors were able to achieve adequate power to conclude that no difference exists
[14]. Even within this group of studies, the surgical procedure ranged from upper
aerodigestive tract surgery to pedicled myocutaneous flaps to combined composite
resections with free flap reconstructions. In addition, little information was provided
about patient characteristics that might affect outcomes, such as smoking history,
comorbidities, or previous radiation therapy, for a subset analysis [14]. This meta-
analysis evaluated perioperative antibiotic use without addressing specific subsites of
disease; considering that the treatment for head and neck cancer varies by each
subsite (e.g., paranasal sinuses, nasopharynx, oropharynx, oral cavity, hypopharynx,
larynx, skin, and thyroid), assessing head and neck cancer patients by subsite of
disease even further reduces the ability to achieve adequate power.

Multicenter clinical trials may accrue enough patients to answer CER questions
prospectively, whereas clinical registry data may be appropriate to evaluate existing
gaps. A common limitation to tumor registries is the lack of detailed information,
such as clinical indications, tobacco history, TNM staging, test results, and treat-
ment-related complications, to name a few [2]. Despite these limitations, there are
certain questions within head and neck oncology that could be appropriately
addressed. The Longitudinal Outcomes Registry of Head and Neck Carcinoma was
built to address these shortcomings [15], but has since closed due to insufficient
funding; developing similarly motivated registries would be worthwhile. As more
sophisticated electronic health records bridge medical centers and health systems,
such detailed data may be accessible on adequate numbers of patients.
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2.2 Selection Bias

Selection bias occurs when patients are assigned to one intervention or another in a
way that confounds the study outcomes. In retrospective cohort studies, for
example, patients were likely chosen to receive one treatment or another based upon
patient or tumor characteristics. Majoufre et al. [16] evaluated a historical cohort of
patients who presented with clinically N0 oral cavity cancer and underwent either a
type 3 modified radical neck dissection or a supraomohyoid neck dissection, finding
no significant difference in recurrence or survival. Interestingly, however, the group
that underwent supraomohyoid neck dissections had a better 2-year and 5-year
survival when compared to the modified radical neck dissection group (85.8 % vs.
73.6 %, and 70.2 % vs. 57.2 %, respectively); [16] although these differences did
not reach statistical significance, they suggest that there was a selection bias
involved in surgical planning such that the patients who underwent the less
extensive neck dissection had a favorable 5-year survival. This same question of
whether a modified radical neck dissection or supraomohyoid neck dissection is
more appropriate for N0 oral cavity cancer patients was addressed by the Brazilian
Head and Neck Cancer Study Group in a RCT [17]. Randomizing patients to one
type of neck dissection or another removes selection bias; accordingly, the 5-year
survival for the modified radical neck dissection group was 63 and 67 % for the
supraomohyoid neck dissection group (p = 0.72) [17]. Although the majority of the
otolaryngology literature has a low level of evidence, [11] careful study design, and
data analyses can adjust for biases inherent in observational studies to generate
meaningful CER.

2.3 Evaluating Clinical and Functional Outcomes

Head and neck cancer and its treatment can be functionally debilitating. However,
most studies focus either on clinical outcomes, such as survival and recurrence, or
on functional outcomes and quality of life; rarely do studies prioritize both out-
comes. To further complicate this issue, few studies use accepted, validated
instruments to evaluate patients’ function.

When comparing endoscopic resection versus radiation therapy for early (T1)
glottic cancer, a recent systematic review identified 1,045 studies, 888 of which
were dismissed after a review of their abstracts [18]. After reviewing, the complete
manuscripts for the remaining 146 studies, 127 were subsequently excluded. The
review then focused on 2 systematic reviews and 17 articles, the majority of which
were retrospective comparative and cross-sectional studies. After reviewing this
literature, the authors were unable to pool the data because of poor study designs,
heterogeneity among study populations, and inherent period bias from the years
covered (e.g., changes in radiation technique and dosing). Of the 17 primary
studies, 3 did not report length of follow-up. Only 11 of the 17 studies reported
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survival outcomes; of these, 2 did not report overall survival, 9 did not report
disease-free survival, and 6 did not report disease-specific survival. Only 7 studies
reported a functional evaluation, which ranged from clinician-ratings to patient
perception ratings to acoustic and aerodynamic analysis. Of the validated patient
perception instruments used, 2 studies used the Voice Handicap Index, 1 used head
and neck quality of life questionnaires, and 2 used the voice-related quality of life
scale [18]. In an attempt to organize these best available data for clinical practice
guideline recommendations, the authors conclude that there is not enough evidence
to demonstrate a difference between these treatment modalities [19]. The issues
faced by these authors are fairly representative of the quality of head and neck
surgical oncology literature.

Standards surrounding clinical and functional outcomes need to be established for
successful and meaningful CER; these might be best determined by specialty society
efforts. Ideally, both types of outcomes would be evaluated and reported in the same
study, with the use of validated instruments to assess patient function at baseline and
in short- and long-term post-treatment intervals. One such example is in the realm of
laryngeal preservation. The premise of laryngeal preservation is to achieve locore-
gional control but maintain a functioning larynx for natural breathing, speaking, and
swallowing. Landmark RCTs (as previously discussed in this chapter) established
equivalent survival after frontline chemoradiation in lieu of complete surgical
removal of the larynx (i.e., total laryngectomy) for locally advanced stage laryngeal
cancer. With broad application of nonsurgical laryngeal preservation, it became clear
that structural preservation of the larynx does not equate to functional laryngeal
preservation. A pooled analysis of three RTOG chemoradiation trials reported an
alarming crude rate of 43 % of patients with adequate baseline functioning devel-
oping late grade 3–4 laryngopharyngeal dysfunction after aggressive nonsurgical
therapy [20]. This largely constituted chronic gastrostomy dependence related to
dysphagia (difficulty swallow). Bearing in mind these outcomes, an international
consensus panel developed a combined endpoint to account for both survival and
functioning in phase III clinical trials of laryngeal preservation strategies—“laryn-
goesophageal dysfunction (LED)-free survival, which includes the events of death,
local relapse, total or partial laryngectomy, tracheotomy at ≥2 years, or feeding tube
at ≥2 years”. Secondary endpoints were also defined including patient-centered
outcomes contributing to QOL in survivorship [21].

Functional outcomes are considered a key measure of success in contemporary
management of head and neck malignancies. Among these outcomes, swallowing
emerges as a top functional priority of patients and a driver of post-treatment quality
of life [22, 23]. When rated subjectively in the clinical setting (e.g., per CTCAE),
grade 3 dysphagia is essentially a marker of feeding tube dependence. The clinical
literature has a preponderance of studies using grade 3 dysphagia (i.e., feeding tube-
dependent dysphagia) as the sole functional outcome. It is clear, however, that alone
feeding tube dependence is not a sensitive marker of swallowing impairment. Many
survivors with substantial and clinically meaningful levels of swallowing impair-
ment (such as tracheal aspiration) continue to eat without a feeding tube, albeit with
great effort and risk of secondary complications (i.e., aspiration pneumonia).
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For instance, we have previously demonstrated in observational studies that only
33–45 % of chronic aspirators are feeding tube dependent [24]. Looking beyond
gastrostomy-dependent dysphagia, swallowing abilities can be quantified from the
patient’s perspective using a validated patient-reported outcome inventory developed
specifically for the head and neck population—the MD Anderson Dysphagia
Inventory (MDADI) [25]. Opportunities for CER using meta-analysis or pooled
datasets are ripe with now widespread adoption of the MDADI in published single
institutional series using various treatment modalities (e.g., MDADI after robotic
surgery for TORS in oropharyngeal cancer, [26–30] and MDADI scores after
nonsurgical therapy for oropharyngeal cancer [31–34]). Consistent reporting of
confounding factors like precise tumor subsite, TNM, and therapeutic details will be
required to pool data for comparative purposes.

3 Important Target Areas for Comparative
Effectiveness Research

3.1 Pre-treatment Evaluation

Human papillomavirus (HPV)-associated head and neck cancers have been found to
confer favorable survival [35] and are presenting with increasing incidence [36].
Given the higher treatment response rate, lower risk oropharyngeal squamous cell
carcinomas may respond just as well to deescalated therapy, which may limit
treatment-associated morbidity while providing similar clinical outcomes. The
Radiation Therapy Oncology Group has an on-going RCT (1016) that is evaluating
how concurrent cetuximab and radiation compare to the traditional regimen of
cisplatin and radiation in patients with HPV-positive tumors [37]. The European
Cooperative Oncology Group has also conducted a RCT offering induction che-
motherapy followed by concurrent cetuximab and radiation, with patients ran-
domized to receive either high or low doses of radiotherapy [38]. Prospective
studies and RCTs address these questions well, but long-term survival and func-
tional outcomes take longer to obtain. These studies may be complemented by
carefully designed observational studies.

Just as HPV-positivity is associated with a favorable prognosis and response to
treatment, other biomarkers reflecting etiology or molecular expression hold
promise as important predictive markers, including the epidermal growth factor
receptor, p53, B cell lymphoma-2 (Bcl-2), cyclin D1, and vascular endothelial
growth factor, to name a few [39]. None of these have yet been established in
routine clinical management because of problems with consistency and study
design [40]. CER has great potential in evaluating the clinical utility of these
markers for personalized treatment approaches [41]. Identifying the predictive
capabilities of biomarkers may lead to more targeted treatment choices with
possible reduction in treatment-related toxicity.
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3.2 Treatment

Subsites of head and neck cancer in which radiation and surgery are both consid-
ered valid approaches are in need of meaningful CER to compare treatment
modalities. As illustrated by the earlier discussion of endoscopic surgery versus
radiotherapy for T1 glottic cancers [18, 19], the literature that exists on this subject
is of questionable quality. Although most data indicate that radiation and minimally
invasive surgery have similar effectiveness for early glottic cancers, there has not
been an adequate prospective trial allowing for direct comparison of clinical and
functional outcomes.

There has been renewed interest in surgery for oropharyngeal cancers with the
advent of robotic surgery; transoral robotic surgery (TORS) is becoming more
commonly accepted for early stage oropharyngeal cancers. CER comparing TORS
to traditional open surgical approaches and to radiation-based therapy is needed.
Currently, there are five independent TORS trials on-going, each with a single arm
of TORS at a single institution [42]. The feasibility of TORS at multiple institutions
was previously reported by Weinstein et al. [43] Given the low incidence of TORS-
appropriate cases, a multicenter trial with standardized functional assessments and
multiple study arms has been opened, although the primary study group are
intermediate-risk, who are randomized to either standard (60 Gy) versus low-dose
(50 Gy) adjuvant radiotherapy. A more robust RCT is necessary that would directly
compare TORS to radiotherapy.

CER would also be helpful in overcoming the barriers to fully evaluating the
clinical benefit of neoadjuvant therapy in head and neck cancers. Induction che-
motherapy is used in the management of many solid tumors, but its role in head and
neck cancer is less clear. In 2000, the Meta-Analysis of Chemotherapy on Head and
Neck Cancer (MACH-NC) collaborative group evaluated 31 clinical trials, finding
no improvement in survival. However, this group also reported that there was a
small but significant benefit when analysis was limited to trials using cisplatin and
fluorouracil (FU) [44]. Subsequent clinical trials have been hampered largely by
low accrual, which translates into an underpowered study; unfortunately, this makes
it difficult to determine whether there is an actual clinical benefit from the addition
of neoadjuvant chemotherapy despite negative results [45, 46]. Larger multicenter
trials may address this issue, although the use of clinical registries may need to be
developed in order to achieve adequate power for conclusive findings.

3.3 Post-treatment Surveillance

Clinical practice guidelines for post-treatment surveillance of head and neck cancer
patients lack strong evidence in the medical literature [47]. The clinical effective-
ness of imaging strategies (e.g., one post-treatment imaging and then as-needed for
symptoms vs. only as-needed for symptoms vs. routine imaging) with regard to
identifying asymptomatic recurrences and second primary tumors is an area that
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warrants CER. Broad variability exists in the oncology community vis-à-vis the
interval and type of surveillance imaging (PET-CT, CT, MRI, chest X-ray) nec-
essary in the post-treatment setting. Most challenging is that these strategies and
imaging choices may differ by disease subsite and treatment modality utilized.

Additionally, although the National Comprehensive Cancer Network (NCCN)
formally prescribes a post-treatment surveillance schedule of office visits, [48] this
is not evidence-based. In fact, the United Kingdom’s National Institute of Health
and Care Excellence (NICE), which also creates evidence-based guidelines, simply
emphasizes that follow-up is important in the first two post-treatment year, since the
risk of recurrence is higher during that time, with increasing intervals between visits
as time goes on [49]. As with post-treatment imaging, these follow-up strategies
may be impacted by disease subsite and treatment modality.

3.4 Quality of Care Metrics

There has been a great deal of interest in identifying quality metrics for head and
neck cancer care; [50–52] in most cases, these metrics are identified from the best
available evidence [53] but their impact on clinical and functional outcomes is
largely unknown. With appropriate statistical modeling, CER could identify which
process metrics impact patient outcomes. These standards would include technical
aspects of radiation therapy, treatment breaks, and peri-operative complications.
Endpoints would include patient-reported outcomes, functional outcomes, and
clinical outcomes, such as survival and recurrence, both in short- and long-term
follow-up.

4 Conclusion

CER has the potential to reform the care head and neck cancer patients. Current
barriers include low-powered studies limited by the low incidence of this disease,
selection bias in clinical trials, and few established standards for reporting clinical
and functional outcomes in comparative studies. All of these have workable solu-
tions that will improve the quality of head and neck cancer studies in the areas of
pretreatment evaluation, treatment, posttreatment surveillance, and the identification
and validation of quality metrics.
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Comparative Effectiveness Issues
in Lung Cancer

Thomas K. Varghese

Abstract

Lung cancer accounts for more cancer deaths than breast, prostate, colorectal and
pancreatic cancer combined. With an aging population, greater intensity of
cancer care, and the need for care of the growing number of cancer survivors,
comparative effectiveness research opportunities will continue to emerge for this
disease. In this chapter, we focus on CER opportunities in lung cancer surgery
from the vantage point of those factors directly influenced by the surgeon,
patient and the healthcare system.
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1 Introduction

Comparative effectiveness research (CER) aims to generate evidence on effective-
ness of strategies for diagnosis, treating or preventing disease in the “real-world”
compared to the existing “standard of care” so that informed decisions can be made to
improve health care [1, 2]. CER studies thus often need to account for physician
(surgeon), patient and system factors that affect outcomes observed when interven-
tions are made in the real world, away from the controlled settings of a randomized
clinical trial. As CER is by definition comparative, it can address questions on both
clinical utility and added clinical value compared with standard of care. With an
aging population, increasing cancer incidence, greater intensity of cancer care, and
the need for continuing care of the growing number of cancer survivors, there is no
doubt a growing economic burden associated with cancer and cancer treatment [3]. In
this chapter, we will discuss CER issues for the surgeon with respect to the most
common lethal malignancy—lung cancer. There are very few randomized clinical
trials with respect to surgical interventions for lung cancer. Several factors have led to
this situation including difficulties with accrual (including both provider and patient
bias), and expense. With increasing need to answer questions on clinical care with
respect to quality, outcomes and cost-effectiveness, opportunities for CER studies
will emerge for this disease now and into the future. We will address 3 types of
surgeon factors, patient factors and system factors that influence outcomes and can be
the genesis of CER studies in the future.

In 1953, lung cancer became the most common cause of cancer death in men,
while the same occurred for women in 1985. In 2012, there were 1.8 million
patients with lung cancer globally, causing an estimated 1.6 million deaths [4]. In
2014, there will be an estimated 224,000 new cases of lung cancer and 159,000
deaths [5]. Lung cancer causes more deaths than the next three most lethal common
cancers combined (colon, breast and pancreatic) [6].

There are several factors that can influence whether patients receive any type of
treatment for lung cancer (Fig. 1). Evidence-based treatment options for lung cancer
depend on histology, stage and patient specific factors (such as age, pulmonary
function and comorbidities). Approximately 95 % of all lung cancers are classified
as either small cell lung cancer (SCLC) or non-small cell lung cancer (NSCLC).
SCLC is distinguished from NSCLC by its rapid doubling time, and early devel-
opment of widespread metastases. In light of these factors, surgical intervention is
not the standard of care for SCLC. Sadly, though SCLC is initially responsive to
chemotherapy and radiation therapy, it typically relapses, with subsequent resis-
tance to treatment modalities within a few months to a year. A two-stage classifi-
cation is used for SCLC derived from the Veterans’ Affairs Lung Study Group
(VALG) in the late 1950s [7]:

• Limited disease (Tumor confined to ipsilateral hemithorax and regional nodes)
• Extensive disease (Tumor beyond the borders of limited disease, including

malignant pleural and pericardial effusions)
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Limited disease is treated with chemotherapy and radiation therapy, while
extensive disease is often treated with chemotherapy. Five-year survival rates for
limited and extensive disease are poor (10–13 % vs. 1–2 %) with the median time of
survival 15–20 months and 8–13 months respectively [8–10].

The remainder of this chapter will be focused on CER for NSCLC, where
surgical intervention plays a role in early stage disease.

NSCLC accounts for the majority (approximately 85 %) of lung cancers.
Localized disease is where the cancer is limited to one lobe of the lung, and does
not involve the mediastinum. Stage I disease (small lesion, without involvement of
any lymph nodes) and Stage II disease (larger lesion without lymph node
involvement, involvement of structures that can be resected such as the chest wall
or diaphragm, or involvement of hilar lymph nodes) makes up about a third of
patients with NSCLC [11]. Although validation hasn’t occurred with randomized
clinical trials, good results and long-term survival data have established surgery as

Fig. 1 Non-disease factors that influence receipt of lung cancer treatment
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the treatment of choice for localized disease in those patients who are medically
operable [12]. Surgical resection has also found a role for select patients with stage
IIIA disease as well (involvement of ipsilateral mediastinal nodes).

2 Surgeon Factors

2.1 Extent of Resection

The surgical resection of a single lobe of the lung, or lobectomy, is the procedure of
choice for early stage NSCLC. The lung cancer study group [13] conducted a
prospective randomized clinical trial comparing limited resection (segmentectomy
or wedge resection) versus lobectomy in the management of early stage (less than
3 cm, and absence of lymph node involvement) NSCLC. When the group first
reported their results, of the 247 patients followed for a minimum of 4.5 years,
patients undergoing limited resection had an observed 75 % increase in recurrence
rates, 30 % increase in overall death rate, and an observed 50 % increase in death
with cancer rate compared to patients undergoing lobectomy. Interestingly, errors in
accounting for patients lost to follow-up were noted by Dr. Frank Lederle, and
detailed in his letter to the journal [14]. This prompted a second review of the study
that uncovered 12 additional recurrences and 3 additional deaths. Using the cor-
rected data, there remained a survival benefit to the lobectomy group (5-year sur-
vival 73 % vs. 56 %), but a decrease in the rate of recurrence (5-year 63 % vs.
78 %). The rate of distant recurrences was the same in both groups, whereas limited
resection patients experienced threefold higher rate of locoregional recurrence
(5.4 % vs. 1.9 %). In the new multivariate analysis, weight loss replaced perfor-
mance status as a significant predictor of overall survival. Though the numbers,
graphs and multivariate findings changed slightly, the overall conclusions of the
lung cancer study group study were not altered by the corrected data [15].

Lobectomy became the norm for those patients with adequate pulmonary
reserve. Additional observational studies demonstrated improved survival in indi-
viduals with earlier stage disease who undergo resection (lobectomy) [16–18]. Most
surgical series demonstrated five-year survival for stage I NSCLC in the range from
55 to 72 % [19, 20], with even more favorable results reported for those with small
(less than 3 cm) peripheral lesions [21, 22]. In contrast, the 5-year survival of
patients with Stage I lung cancer not treated surgically is reported to be from 4 to
14 % [23–25]. The role of surgery for Stage IIIA disease is limited. If previously
unsuspected microscopic disease is found in the mediastinal nodes at the time of
resection, then proceeding with lobectomy followed by adjuvant therapy is rec-
ommended [26]. In those patients where the mediastinal nodes are prospectively
identified with sampling and imaging, then multimodality treatment is recom-
mended, with concurrent chemotherapy and radiation therapy. Surgical resection
can subsequently be an option in a subset of these patients after chemoradiation
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with low volume or microscopic mediastinal nodal disease involvement, where
resection is technically feasible [26].

Proximal tumors with endobronchial involvement traditionally were treated with
pneumonectomies. In the modern era, sleeve resection of the involved airway with
lobectomy is preferred over pneumonectomy as a result of similar oncologic results,
better preservation of pulmonary function, and avoidance of the complications
associated with pneumonectomy [27].

There has been a renewed interest in the role of sublobar (limited) resection.
Sublobar resection may be performed either as the removal of one or more ana-
tomical segments (segmentectomy) or as a non-anatomical wedge resection. Sub-
lobar resections can be an option for those patients with early stage disease who
cannot tolerate a lobectomy due to decreased pulmonary reserve, or medical co-
morbidities. Several prospective studies have reported favorable outcomes in those
patients undergoing segmentectomies or wedge resections for peripheral <2 cm in
size, N0 lung cancers [28–30]. There are two ongoing clinical trials focusing on this
issue. The Cancer and Leukemia Group B (CALGB) trial 140503 [31] has had a
difficult time accruing patients since its launch in 2007, and aims to directly
compare lobectomy versus limited resection among patients with peripheral tumors
measuring <2 cm in size. In Japan, the nearly accrued JCOG 0802/WJOG 4607 L
1,100 trial is comparing the outcomes of peripheral invasive adenocarcinomas of
less than or equal to 2 cm in size treated by lobectomy or segmentectomy. Another
Japanese study (JCOG 0804/WJOG 4507L) has completed accrual evaluating the
role of limited resections in the management of non-invasive adenocarcinomas.
Results from these Japanese studies are awaited [32, 33]. Even after findings from
these studies are released, CER opportunities will be present (Table 1).

Table 1 Surgeon factors—extent of resection

Dimension of care Opportunities for CER study

Extent of lung resection for
early stage lung cancer

• Can the findings from recent randomized clinical trials on
lobectomy versus sublobar resection be replicated in real-
world settings?

• What is the cost-effectiveness of performing
segmentectomies (which is not a direct focus of training in
today’s environment and thus require a learning curve) if
indeed it is proven to be equivalent in outcomes to
lobectomy?

• What are the quality-of-life implications for patients with
respect to lobectomy, segmentectomy, and wedge
resections? Should quality of life be the driving factor in
decisions in how much lung to resect in contrast to cancer
survival times, and for which patient populations is this
relevant?
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2.2 Video-Assisted Thoracoscopic Surgery (VATS) Versus
Open Lobectomy

VATS is a minimally invasive thoracic surgical procedure that can be utilized for
the diagnosis and treatment of intra-thoracic diseases. Many procedures that his-
torically were performed with an open thoracotomy are now performed as VATS.
Absolute contraindications for VATS are the same as for a thoracotomy including
the inability to perform a complete (R0) resection with suitable residual cardio-
pulmonary reserve, lymph node metastasis beyond regional lymph nodes, and
widely metastatic disease [34, 35].

VATS procedures use ports that for the most part are <2 cm in length, except for
one access or utility incision that ranges from 4 to 8 cm in length through which
instruments can be inserted and allow for removal of the resected lung at the
completion of the case. The important principle that is maintained during a VATS
resection procedure is that a rib-spreader is not used. By avoiding muscle splitting,
and rib-spreading with a retractor, VATS is believed to result in less pain, earlier
ambulation, and fewer postoperative complications [36]. VATS lobectomy was first
performed in 1992, and has been rapidly adopted in the surgical management of
lung cancer. Several studies have shown lower rates of postoperative complications
associated with VATS when compared with open lobectomy for early stage lung
cancer [37–41]. Further studies have shown improved functional outcomes and
equivalent oncologic efficacy as well [42–45].

Interestingly, cost effectiveness analyses have shown variable results. A study
using the Surveillance, Epidemiology, and End-Results Medicare database found
that VATS lobectomy was associated with a shorter length of stay (LOS) but not
with differences in costs [36]. One explanation offered in the study was that payer
reimbursement was linked to episodes of care rather than LOS. Other studies using
the all-payer Nationwide Inpatient Sample [44, 45] described lower complication
rates and LOS for VATS lobectomy, but no differences in costs. In contrast, an all-
payer Premier Perspective database study [41] found that adjusted inpatients costs
were $700 lower for VATS. A study from our group using the MarketScan database
examined whether VATS lobectomy was associated with lower 90-day costs—thus
assessing for costs and complications beyond the index hospitalization [46]. We
found that the biggest driver of cost was prolonged LOS (PLOS) at the index
hospitalization, VATS lobectomy was associated with lower rates of PLOS, and
that the cost difference of the VATS approach extends only minimally into the
period after discharge (i.e., health care use after discharge was only minimally
different between the VATS and open thoracotomy groups). Outpatient use and
readmissions accounted for approximately 16 % of the total 90-day costs of care
after lobectomy. Emerging evidence suggests that the pressure to discharge patients
earlier after lung resection may be driving readmission rates, independent of the
surgical approach [47, 48].

Although use of VATS has increased over time, open thoracotomy is still the
most widely used procedure for lobectomy with less than 50 % of lobectomies in
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the US performed using VATS [49]. Factors that have been proposed to explain this
finding include insufficient training or experience, difficulty to achieve competency
with minimally invasive approaches in low volume centers, and a belief that there
remains an insufficient level of evidence for safety and efficacy. However, there are
now two large institutional prospective cohort studies involving 1,100 and 500
patients respectively [50, 51], a randomized clinical trial [52] and two meta-anal-
yses [53, 54] that have demonstrated safety and efficacy of the approach. The
Cancer and Leukemia Group B (CALGB) 39802 trial [55] was a novel multi-
institutional safety and feasibility study that not only standardized the definition of
VATS lobectomy, but also standardized surgeon credentialing. The rigorous cre-
dentialing process had participating surgeons attend a course to review technique;
submission of an unedited video tape, operative and pathology reports from a
VATS lobectomy for central review; and participation in an animal laboratory.
Surgeons were required to perform at least five VATS lobectomies before being
credentialed. Eleven surgeons at six centers underwent credentialing, and the
subsequent success rate, morbidity and mortality observed in the study achieved or
surpassed prior levels cited in the literature. The study demonstrated a method for
surgeons who had no prior experience with the technique to attain sufficient training
and expertise in a supervised real-world environment.

Robotic-assisted thoracoscopic surgery (RATS) approaches for lobectomy have
recently emerged as an alternative to traditional VATS. Initial results of robotic
lobectomy have shown the same benefits achieved with VATS approaches as
compared to open thoracotomy can be maintained [56–58]. Additionally, advocates
for RATS cite benefits of improved ergonomics, three-dimensional optics, and
wristed instrument motions. On the other hand, opponents of robotic surgery have
cited increased costs and longer procedure times [59]. It is still to early to tell
whether RATS is truly an advance in surgical technique, or as nay-sayers are fond
of stating—a marketing gimmick. Cost analyses can be challenging for robotic
programs as the cost of the robotic platform varies between institutions (purchase of
a new robot versus incorporation of RATS into a facility with an existing platform),
and that theoretic costs include the price of the robotic system divided by the total
number of robotic cases (all specialties) performed. However, this shouldn’t deter
us from assessing the impact of RATS into practice, as similar issues are raised
when assessing the introduction of any new surgical technology. Even if one is not
convinced that RATS is a significant advance as compared to VATS lobectomy,
there may be other reasons for surgeons to transition to robotic surgery, including
the performance of other thoracic surgical procedures such as a thymectomy,
robotic technology will continue to evolve, and more clearly delineated benefits of
robotic surgery may become the reality in the future. What is missing till date is a
standardized detailed credentialing process for RATS similar to that which was
outlined in CALGB 39802. CER opportunities with respect to minimally invasive
approaches are outlined in Table 2.
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2.3 Specialty Training

The issue of who should provide care has led to considerable debate about access,
and healthcare disparities. Surgeon specialty has been shown to be associated with
better post-operative outcomes among high-risk operations [60–62]. In the United
States, the majority of lung resections are performed by general surgeons [63].
However, there have been several studies demonstrating that board-certified tho-
racic surgeons have lower rates of operative mortality with lung resections com-
pared to general surgeons [64–66]. In a study conducted by our group in the SEER-
Medicare population [67], we extended the analysis to compare the results of board-
certified general thoracic surgeons (GTS), board-certified cardiothoracic surgeons
(CTS) (those who performed both cardiac and thoracic procedures as part of their
practice), and those treated by general surgeons (GS). After adjustment for several
well-known prognostic factors for survival, patients under the care of GTS had an
11 % lower risk of death compared with those treated by GS. General thoracic
surgeons used preoperative and intraoperative staging procedures more often than
GS or CTS, more often applied video-assisted thoracoscopic techniques, and less
often performed bi-lobectomy (precision of resection).

Common themes in these studies were influence of provider volume on the
overall effect, as well as more consistent process-of-care measures by specialty
surgeons. As there is a trend towards increasing specialization amongst surgeons,
other factors that may have influenced decision-making include training in the
modern era, with inclusion of evidence-based protocols, and multi-disciplinary
participation in tumor boards amongst specialists. The results however of all these
studies are relevant to the overriding issue of how best to improve the quality of

Table 2 Surgeon factors—type of surgical approach

Dimension of care Opportunities for CER study

Minimally invasive
lung surgery

• If PLOS at index hospitalization is the main driver of cost
difference, are there evidence-based strategies to mitigate the
frequency of PLOS that can be incorporated into systematic
practice? Can these strategies be found from programs that
incorporate VATS approaches as part of their practice?

• VATS lobectomies are more commonly performed by high-
volume surgeons working at high-volume or teaching hospitals. Are
the lower 90-day costs only associated with VATS (i.e. more
attributable to environment of practice) or directly attributable to
VATS?

• Can a standardized credentialing process be implemented for
Robotic VATS lobectomy, accounting for feasibility, safety, efficacy
and cost-effectiveness?

• Can a prospective, pragmatic multi-institutional study be
performed comparing robotic VATS, traditional VATS and open
thoracotomy approaches for lobectomy for short-term outcomes,
oncologic efficacy, and cost-effectiveness?
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thoracic surgical care. One option might be to encourage referral of potentially
resectable lung cancer patients to GTS. This of course would need to be accom-
panied by the addressing of issues such as barriers to access, especially amongst
low-income patients and those that live in rural areas, as well as workforce issues.
Attempting to improve outcomes by selective referral without addressing infra-
structure and workforce issues could lead to vast segments of the population
without access to surgical resection for an otherwise uniformly fatal disease.
Opportunities for CER are detailed in Table 3.

3 Patient Factors

As overall outcomes for lung cancer treatment are poor, opportunities exist to
explore the impact of treatment choices on the patient. When one traditionally
thinks of patient factors, the focus has been on co-morbidities. In surgery, the
decision-making process is often situational. Patient autonomy and participation
can be influenced by medical condition, surgeon factors, patient educational level,
and availability of evidence-based information on the particular condition. The
degree of decisional authority assumed by patients can lead to three types of sur-
geon-patient relationships—the surgeon as agent, shared decision-making, and
informed decision-making. Large-scale studies on decision-making have not been
performed till date for lung cancer, but are anticipated to increase in the years ahead
alongside the patient-centered movement.

The surgeon as agent occurs when the surgeon acts as an expert adviser who
incorporates the values of the patient when making a treatment recommendation. In
this model, the patient role is passive, as the surgeon assumes the values of the

Table 3 Surgeon factors—specialist care

Dimension of care Opportunities for CER study

Surgeon specialty (general thoracic surgery
[GTS] vs. cardiothoracic surgery [CTS] vs.
general surgery [GS])

• What are the workforce implications if a
policy was created to selectively refer patients
with early-stage lung cancer to only board-
certified GTS? For both GTS and CTS?

• If the workforce implications were not
practical, how can CTS or GS predominantly
serving an underserved population gain
additional expertise to mitigate against some
of the factors leading to disparity in
outcomes?

• Should there be a central credentialing
process for those surgeons who wish to
perform surgical resections for lung cancer?
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patient, and has total command over the decision-making process. Patients may be
subjected to biased treatment if the surgeon only gives or delivers limited treatment
options. In contrast, the informed decision-making model is one where the surgeon
is recognized as the one who has technical expertise, but the patient plays an active
role eliciting and understanding information about their treatment choices. The
surgeon in this model doesn’t volunteer their opinions, but rather presents the
patient with various treatment options, allowing the patients to arrive at their own
conclusions. In between these two extremes is shared decision-making. Here the
surgeon and patient are equal partners, where each freely exchanges information
and preferences about treatment options to arrive at a mutually acceptable decision.
This works especially in those situations where there is ambiguity in treatment of
choice, and helps to align the decision-making with patient’s preferences and
values.

Though surgeons may profess to always include patient-centered values in their
discussions, there are plenty of opportunities for improvement. Some of these issues
and opportunities for CER are detailed in Table 4.

4 Healthcare System Factors Related to Clinical
Decision Making

4.1 Impact of Practice Environment

In principle, the Patient Protection and Affordable Care Act (ACA) signed into law
in March 2010 seeks to improve health care delivery. The goal of ACA is to create
a movement of payment reforms, in which private insurance companies would
follow the lead of successful government payment reforms, such as bundled pay-
ments, and ultimately create system-wide changes for reimbursement [68].
Changing the reimbursement structure for providers will inevitably create new
issues for surgeons who are making decisions for their patients. Payment reforms
began in 2011 and 2012, and will continue through 2016. Two programs designed
to restructure the way health care is delivered have been proposed under ACA,
namely Patient-Centered Medical Homes (PCMHs) and Accountable Care Orga-
nizations (ACOs). These programs are designed to improve care coordination by
encouraging use of electronic medical records, changing providers’ financial
incentives by including quality measures in reimbursement, and ultimately moving
away from a fee-for-service to one where quality of care is valued [69].

The ACO movement has led to increased consolidation and integration in the
medical marketplace. Hospitals are buying practices to keep their market share
intact and to have access to electronic record systems and other infrastructure that
are expensive to capitalize. Awareness emerges for surgeons that their medical
decisions can potentially negatively influence their income. This is not necessarily
unethical, as cost containment has been recognized as an important circumstance in
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good decision-making [70]. There will be the introduction penalties for lack of
delivery of quality care, which could affect physician reimbursement. Adoption of
rigid guidelines for the treatment of patients is anticipated in years to come, as well
as expansion of care plans. All of these are attempts at decreasing variation in care,
decreasing length of stay, and reducing use of resources.

A method of performance with a powerful impact on outcomes is participation in
large national or regional databases with inclusion of all patients and frequent
provider feedback with comparisons to peer norms. Surgeons in the Veterans
Administration hospital system have participated for more than a decade in a
systematic data-gathering and feedback system of outcomes for major surgery [71].
The National Surgical Quality Improvement Project (NSQIP) works to decrease
variation in clinical outcomes by demonstrating to surgeons when their center is an
“outlier” in performance. This system allows hospitals to target QI activities that
may influence components of care, and subsequently decision-making. The Society
of Thoracic Surgeons (STS) in 1989 created a national voluntary cardiac surgery
database as a means of supporting national quality improvement efforts. In 2003, a
separate database was launched by the STS encompassing procedures specific to
general thoracic surgery—the General Thoracic Surgery Database (GTSD) [72].
GTSD provides participants risk-adjusted benchmarks as well as data for research
that can be used to improve patient care processes and clinical outcomes. On 30
July 2008, the National Quality Forum endorsed participation in a systematic
national database for general thoracic surgery [73]. Unfortunately in 2012, only 8 %
of all lung cancer resection cases in the US were accounted for in GTSD, with most
of the participants high-volume centers with dedicated general thoracic surgeons
[74].

4.2 Impact of Political Environment

The reporting of surgeon-specific outcome data is another example of the influence
of the political environment. Outcome data were rarely reported prior to the mid-
1980s [75]. The first release of hospital open heart surgery risk-adjusted mortality
rates in December 1990 [76] and the first formal public report in December 1992
[77], marked the start of a new era. These performance reports, or physician report
cards, have increased in recent years [78], and many believe will increase in
frequency and across specialties in the years to come. Advocates believe that
increased transparency of information on the quality of care help consumers,
employers, and health plans to improve their decision-making and to stimulate
quality improvement among providers. However, physicians are concerned that risk
adjustment strategies in these reports are not adequate. Without this confidence,
publication of procedural mortality rates may result in physicians withholding
procedures in high-risk patients. Unintended consequence of scorecards might be to
adversely affect healthcare decisions for especially high-risk patients. Scorecards
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may also impair the development of new treatments because of the more restrictive
clinical practice environment.

In light of these drawbacks, many have proposed revamping the current system
to facilitate rapid and accurate access to outcome data in the local practice envi-
ronment. Adoption of these efforts is often embraced as this occurs on a voluntary
basis rather than in response to punitive restrictions. Examples of such grass-roots
initiatives on a state level that are surgeon-led include those in the states of
Michigan [79] and Washington [80, 81]. On a national level, data from the STS
database has been used for public reporting, and thus have an impact on risk-
stratification and outcomes in cardiothoracic surgery [82, 83].

Regional quality improvement (QI) efforts have succeeded in cardiac surgery,
and a regional QI initiative in thoracic surgery has been proposed in Washington
State [84]. Fifteen thoracic surgeons from five institutions examined the landscape
of care in the state, as well as to discuss standards for a regional QI effort in lung
cancer surgery. Consensus standards endorsed in this initiative include:

• GTSD participation across all hospitals performing lung resection in the state
• Limited enhancements to data collection efforts to address local concerns and

survey ongoing interventions
• Quarterly performance reports
• Surgeon-led QI interventions for addressing performance gaps, quality

improvement and value optimization
• and leveraging existing QI infrastructure and relationships within Washington

state to rapidly and successfully implement a regional QI effort for lung cancer
surgery.

Success of the regional QI initiative will likely lead to performance of several
CER studies, and can ultimately serve as a model for other regional and national
efforts.

An example of a national effort to reduce unnecessary tests across specialties is
the Choosing Wisely® campaign. The Choosing Wisely® initiative helps physicians
and patients have important conversations necessary to ensure that timely and
optimal care is delivered. Launched by the American Board of Internal Medicine
(ABIM) Foundation, Choosing Wisely® enables physicians and patients to engage
in conversation about the overuse of tests and procedures, and helps patients make
smart and effective care choices [85]. The original campaign has evolved into a
multi-year initiative where the ABIM Foundation has reached out to specialty
societies to identify a list of five tests or procedures that may be overused or
misused. Criteria for developing these lists include limiting to items that fall within
the specialty; supported by evidence; documented and publicly available upon
request; frequently ordered/costly; easy for a lay person to understand; and mea-
surable/accountable. The STS participated in the February 2013 phase II release
(Table 5) [86]. Two of the five proposed measures are directly applicable to lung
cancer surgery. These specialty generated lists help to empower physician-patient
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conversations and to avoid unnecessary procedures that may harm patients while
driving up health care costs. 63 specialty societies have joined the campaign since
its inception in 2012.

4.3 Lung-Cancer Screening

An example of how politics can influence standards of care recently arose with
respect to lung cancer screening. A large prospective randomized clinical trial, the
National Lung Screening Trial (NLST), demonstrated the potential of low-dose
computed tomography (LDCT) to detect lung cancer at earlier stages, thereby
decreasing mortality [87]. NLST demonstrated that annual lung cancer screening in
a high-risk patient population for three years with LDCT resulted in 20 % fewer
lung cancer deaths as a result of early detection and treatment. Using the strict
NLST criteria, this translates to 8.6 million people eligible for screening in the US,
and 12,000 averted lung cancer deaths if all those individuals are screened [88]. In
light of these studies, a number of non-profit, professional and federal organizations
have recommended evidence-based annual LDCT screening for lung cancer in
high-risk patients, including the National Comprehensive Cancer Network
(NCCN), the US Preventive Services Task Force (USPSTF), the STS, American
Society of Clinical Oncology, and the American Cancer Society [89]. The USPSTF
decision in the setting of the Affordable Care act resulted in a mandate for coverage
by private insurers for lung cancer screening. However, controversy has arisen as
despite the evidence, Medicare till date has not endorsed coverage for lung cancer
screening [90]. The implications are especially pertinent as nearly 70 % of lung
cancers occur in the Medicare population. Time will tell if the evidence and
advocacy of several specialty societies and patient advocates will correct this, but
the politics surrounding the issue are puzzling to say the least. CER opportunities
will arise in the coming years assessing screening practices, access to LDCT, and
impact of early referral for surgical interventions for cancers detected by LDCT.

Table 5 Society of thoracic
surgeons choosing Wisely®

list

1. Patients who have no cardiac history and good functional
status do not require preoperative stress testing before
noncardiac thoracic surgery

2. Do not initiate routing evaluation of carotid artery disease
before cardiac surgery in the absence of symptoms or other
high-risk criteria

3. Do not perform routine predischarge echocardiogram after
cardiac valve replacement surgery

4. Patients with suspected or biopsy proven Stage I non-small
cell lung cancer do not require brain imaging before definitive
care in the absence of neurologic symptoms

5. Before cardiac surgery there is no need for pulmonary
function testing in the absence of respiratory symptoms
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5 Summary

Although the ideal is to practice evidence-based medicine at all times, there are
many factors that influence the care that we provide. There is growing interest in
assessing and improving the value of health care delivery, defined as health benefits
per dollar spent. Value can be increased by improving clinical outcomes, decreasing
costs, or ideally doing both. CER for surgical interventions in lung cancer should be
viewed through this lens, and opportunities for health services researchers and
surgeons in practice will continue to emerge in the years ahead.
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Comparative Effectiveness
in Esophagogastric Cancer
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Abstract

Cancer of the esophagus and the gastroesophageal junction (GEJ) continues to
have a dismal prognosis, with the incidence of esophageal cancer increasing in
the United States. Although radical resection was initially the primary treatment
for this disease process, systemic chemotherapy and radiation have been shown
to play a role in prolonging survival in most patient populations. This chapter
explores the evidence that guides treatment for esophageal and GEJ cancer
today. Chemotherapy and radiation therapy were introduced as treatment
modalities for esophageal and GEJ cancers when it became evident that surgical
therapy alone provided poor long-term survival rates. A variety of treatment
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strategies have been explored including preoperative (neoadjuvant) and postop-
erative (adjuvant) chemotherapy, with and without radiation. The evidence
suggests that neoadjuvant chemotherapy or chemoradiotherapy provides better
outcomes compared to surgery alone for esophageal, GEJ, and gastric cancers.
Studies indicate a trend towards improved survival when neoadjuvant chemo-
radiotherapy is compared to chemotherapy alone. When patients have undergone
resection with node-positive disease without receiving neoadjuvant therapy,
some form of adjuvant treatment is recommended. This chapter also explores the
surgical management of esophageal, GEJ, and gastric cancers including the
extent of the gastric lymph node dissection. It also includes a discussion about
adherence to national guidelines in terms of gastric cancer treatment and
esophageal and gastric lymph node examinations.
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1 Introduction

Esophageal cancer is the eighth most common cancer worldwide with an estimated
482,000 cases diagnosed in 2008. In the United States, it was estimated that in 2013
there would be 17,990 new cases (14,440 for men and 3,550 for women) and
15,210 deaths due to esophageal cancer [1]. The incidence of esophageal adeno-
carcinoma (EAC) continues to increase drastically in the United States and its
incidence surpassed that of squamous cell carcinoma (SqCC) in 1990 [2]. This
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trend has been attributed to the fact that smoking rates and alcohol consumption are
decreasing leading to a decrease in SqCC while obesity is increasing leading to an
increase in gastroesophageal reflux disease and therefore increased incidence of
EAC. The overall survival of patients with esophageal cancer remains poor with
minimal improvement in the last 30 years [3]. The 5-year survival rate for all
patients with esophageal cancer during the period of 2001–2007 was 19 % [3].

Radical resection has been the mainstay of treatment for esophageal cancer
although frequent local failure and distant metastases have prompted the addition of
radiation and systemic chemotherapy. As is evident by the poor survival of patients
with esophageal cancer who undergo radical resection and subsequently have
disease recurrence, tumor dissemination occurs early in the disease process and
because of this systemic chemotherapeutic agents have been the focus of many
studies. Despite multiple trials investigating the efficacy of chemotherapy with or
without radiation, administered preoperatively, postoperatively, or both, much
controversy remains regarding the ideal treatment course. As the cost of target
chemotherapeutic agents and radiation modalities rises with only marginal gains in
efficacy, the cost effectiveness of treatment is under intense investigation.

Comparative effectiveness research (CER) reached a milestone in 2009 when the
American Recovery and Reinvestment Act was signed into law and allotted 1.1
billion dollars to support CER [4]. Two key elements of CER include the direct
comparison of effective interventions and the study of these interventions in the
typical patient population encountered in typical daily clinical care [4]. CER relies
not only upon randomized clinical trials which often include patients in “ideal”
circumstances to control for variables, but also upon utilizing large patient dat-
abases to draw conclusions from “everyday” patients. This section will focus on the
randomized control trials comparing surgery alone to either neoadjuvant or adjuvant
therapy in patients with esophageal, gastroesophageal (GEJ), and gastric cancers, as
well as how we have used this information in our clinical practice in the United
States with our “everyday” patient population. The extent of lymph node dissection
will also be addressed in patients with gastric cancer.

2 Role of Radiation Alone

There have been several studies evaluating the role of radiation in the treatment of
esophageal cancer. The use of radiation alone has resulted in poor local control and
survival with local recurrence rates as high as 77 % [5] and 5-year overall survival
rates between 0 and 21 % [6–11]. Clinical trials have also investigated the use of
neoadjuvant radiation and surgery compared to surgery alone but there has been a
lack of conclusive evidence indicating superiority. A meta-analysis including 1,147
patients from 5 randomized trials evaluated patients with resectable esophageal
tumors, the majority with SqCC. These trials compared neoadjuvant radiation and
surgery with surgery alone. The overall hazard ratio was 0.89 which suggests a
benefit for preoperative radiation although this was not a significant difference [12].
One shortcoming in extrapolating these results to the general population is that most
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of these trials included patients with SqCC while the incidence of EAC is rapidly
increasing in the United States. Further studies would be needed with modern
radiotherapy techniques used in both histologies of esophageal cancer.

Postoperative radiation has also been studied and several randomized trials have
compared patients with adjuvant radiation to no adjuvant therapy [13, 14]. While
these have been small studies, the patients who received radiation did not have
increased survival and suffered increased radiation-related complications. In
conclusion, radiation has not been shown to be beneficial when used alone pre- or
post-operatively in esophageal cancer.

3 Role of Definitive Chemoradiotherapy

Due to the poor outcomes when radiation is used alone to treat esophageal cancer,
chemoradiation has been extensively used as a treatment modality. The chemo-
therapy is thought to sensitize the tumor cells to the radiation as well as control
micrometastatic disease. Most of the studies evaluating the role of chemoradiation in
non-surgical patients have been on those with SqCC. Wong evaluated 19 random-
ized trials comparing chemoradiation to radiation alone in nonoperative esophageal
cancer patients. The study demonstrated significantly improved overall survival
when chemotherapy was added to the radiotherapy compared to radiotherapy alone
[15]. The Eastern Cooperative Oncology Group (ECOG) used mitomycin C and
5-FU with radiation compared to radiation alone in patients with SqCC esophageal
cancer, and found a statistically significant increase in survival in the chemoradiation
group. The median survival for the chemoradiation group was 14.5 months com-
pared to 9.2 months for the radiation alone group [16]. These results were replicated
when the Radiation Therapy Oncology Group (RTOG 85-01) used cisplatin and
5-FU with radiation (50 Gy) and demonstrated a survival benefit compared radiation
alone (60 Gy) [7]. Despite the survival benefit of the chemotherapy with the radi-
ation, there was a 47 % incidence of local failure. Because of this, the INT 0123 trial
evaluated increased radiation doses (50.4 vs. 64.8 Gy) combined with chemother-
apy. The increased radiation dose did not increase survival or local control and
resulted in increased treatment-related mortality, suggesting the ideal radiation dose
is 50.4 Gy. The current standard of care for nonoperative patients is 50.4 Gy
combined with cisplatin and 5FU [17].

4 Role of Neoadjuvant Chemoradiotherapy

For those patients in which surgical resection is an option, the role of neoadjuvant
chemoradiation has been studied. There have been at least eight randomized trials
evaluating concurrent use of chemotherapy and radiation (Table 1) [18–25]. Three of
those trials enrolled mostly patients with SqCC while the others included a mixture
of EAC and SqCC. Out of the eight trials, four demonstrated statistically significant
improvement in survival [18, 22, 23, 25]. In the CROSS trial, Dutch investigators
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randomly assigned patients with resectable esophageal or gastroesophageal junction
(GEJ) tumors (75 % with adenocarcinoma) to surgery alone versus carboplatin,
paclitaxel, and concurrent radiotherapy followed by surgery [25]. This study dem-
onstrated similar post-operative complications and in-hospital mortality between the
two groups as well as a 29 % pathological complete response in the chemoradiation
group. Significantly, there was an overall survival increase in the chemoradiation
group with a median survival of 49 months compared to 24 months in the surgery
alone group [25]. Walsh et al. [18] also demonstrated a significant survival benefit in
the chemoradiation group with a 3-year survival of 32 % compared to 6 % in the
surgery alone group. While the two trials mentioned above were mostly EAC, Lv
et al. [23] conducted a study in China with only SqCC patients. In this study patients
were randomized to one of three arms: preoperative chemoradiation, postoperative
chemoradiation, or surgery alone. There was a statistically significant improvement
in survival in both the pre- and post-operative chemoradiation groups compared to
the surgery alone group [23]. The largest meta-analysis conducted evaluating neo-
adjuvant chemoradiation included 1,854 patients and found the all-cause mortality
HR to be 0.78 (p < 0.0001). The study included 12 randomized trials evaluating
sequential and concurrent treatment, as well as SqCC and EAC [26]. When the

Table 1 Neoadjuvant chemoradiation versus surgery alone

Trial N Histology (%) CRT
regimen (Gy)

Median
survival

3 year OS
(%)

p value

Lee et al.
[20]

50 S SqCC 100 Cisplatin, 5FU,
45.6

27.3 m – NS

51 CRT 28.2 m

Lv et al.
[23]

80 S SqCC 100 Paclitaxel,
cisplastin, 40

36 m 51.3, 33.8
(5 year)

0.04 (CRT
groups
compared to
S group at
5 years)

80 CRT
(pre-op)

53 m 63.5, 43.5
(5 year)

78 CRT
(post-op)

48 m 62.8, 42.3
(5 year)

Mariette
et al. [89]a

98 S SqCC 71 Cisplatin,
5FU, 45

43.8 m 48.6 NS

97 CRT 31.8 m 55.2

Walsh et al.
[18]

55 S AC 100 Cisplatin,
5FU, 40

11 m 6 0.01

58 CRT 16 m 32

Urba et al.
[19]

50 S AC 75 Cisplatin, 5FU,
vinblastine, 45

17.6 m 16 NS

50 CRT 16.9 m 30

Burmeister
et al. [21]

128 S AC 62 Cisplatin,
5FU, 35

19 m – NS

128
CRT

22 m –

Tepper
et al. [22]

26 S AC 75 Cisplatin,
5FU, 50.4

1.8 year 16 (5 year) 0.002

30 CRT 4.5 year 39 (5 year)

van Hagen
et al. [25]

188 S AC 75 Carboplatin,
paclitaxel, 41.4

24 m 44 0.003

178
CRT

49.4 m 58

N number, CRT chemoradiation, S surgery, m months, OS overall survival, NS not significant, SqCC squamous cell
carcinoma, AC adenocarcinoma, Gy gray, FU fluorouracil, aindicates an abstract
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patients were divided into histologic subtypes, the HR for SqCC was 0.80
(p = 0.004) and the HR for AC was 0.75 (p = 0.02).

In summary, for patients with potentially resectable localized esophageal and
GEJ cancers, several randomized trials as well as meta-analyses demonstrate
improved survival and efficacy with preoperative chemoradiation therapy compared
to local therapy alone (surgery or radiation).

5 Role of Adjuvant Chemoradiotherapy
for Gastroesophageal Tumors

Several trials have evaluated the role of adjuvant chemoradiation in patients with
resectable tumors of the GEJ or stomach. The INT 0116 trial investigated patients
with AC of the GEJ or stomach and randomized 556 patients to surgery plus
postoperative chemoradiation or surgery alone [27]. The adjuvant chemoradiation
included 5-FU and 45 Gy. The median overall survival in the chemoradiation group
was significantly improved at 36 months compared with 27 months in the surgery
alone group. The survival benefit was confirmed in the 10-year follow-up study
[28]. The study conducted by Lv et al. [23] mentioned above with only SqCC
patients included a postoperative chemoradiation group which had a statistically
improved survival compared with the surgery alone group although the study was
not powered to detect differences between the pre-operative chemoradiation group
and the post-operative chemoradiation group.

6 Role of Neoadjuvant Chemotherapy

Due to the controversy surrounding radiation therapy and its utility in esophageal
and gastric cancers, multiple trials have evaluated chemotherapy prior to surgery
compared to surgery alone. At least 9 randomized trials have evaluated this question
(Table 2). Similar to neoadjuvant chemoradiation, these trials are a mixture of SqCC
and EAC and the results are mixed regarding survival benefit. Six trials did not show
a benefit [29–34] while four did show a significant survival benefit [35–38]. One of
the largest randomized control trials was the MAGIC trial which randomly assigned
patients with resectable AC (stage II or higher with no evidence of metastases) of the
stomach (74 %), GEJ (11 %), or lower esophagus (15 %) to either perioperative
chemotherapy and surgery (250 patients) or surgery alone (253 patients) [36].
Chemotherapy consisted of three cycles each pre- and post-operatively of epirubicin,
cisplatin, and 5-FU. The complication rate and 30-day mortality of both groups was
similar. The perioperative chemotherapy group had a statistically increased 5-year
survival rate of 36 % compared to 23 % in the surgery alone group. One limitation of
the treatment strategy is that only 42 % of the perioperative chemotherapy group
actually received the postoperative chemotherapy. A similar trial by Ychou et al.
[38] again included only patients with resectable AC of the stomach, GEJ, and distal

126 L.M. Knab et al.



esophagus and randomized 113 patients to the perioperative chemotherapy group
and 111 patients to the surgery alone group. A key difference in this trial compared to
the MAGIC trial was the patient population. In the MAGIC trial 74 % of the patients
had gastric cancer compared to 25 % in this trial, and GEJ/distal esophageal com-
prised 26 % in the MAGIC trial compared to 75 % in this trial. The chemotherapy
regimen in this trial included two or three cycles of cisplatin and 5FU preoperatively
and three or four cycles postoperatively. The perioperative chemotherapy group had
a significant increase in 5-year survival of 38 % compared to the surgery alone group
at 24 %. Perioperative chemotherapy also significantly improved the curative
resection rate from 73 to 84 %. Another large trial by the Medical Research Council
(MRC) included 802 patients. This patient population included 67 % with EAC
although it did not include gastric cancer [39]. Patients were randomized to pre-
operative chemotherapy consisting of cisplatin and 5FU followed by surgery or
surgery alone. Overall survival was significantly improved in the preoperative
chemotherapy group compared to surgery alone with a hazard ratio of 0.79. A
follow-up study by Allum verified improved survival for the preoperative chemo-
therapy group with a 5-year survival of 23 % compared to 17 % for the surgery alone
group [37]. This survival benefit held true for both EAC and SqCC. A similar trial by

Table 2 Neoadjuvant chemotherapy versus surgery alone

Trial N Histology
(%)

Chemotherapy
regimen

Perioperative
mortality (%)

3 year OS
(%)

p value

Cunningham
et al. [36]

253 S AC 100 Epirubicin,
cisplatin, 5FU
(pre-op and post-
op)

5.9 23 (5 year) 0.009

250 C 5.6 36 (5 year)

Ychou et al.
[38]

111 S AC 100 Cisplatin, 5FU
(pre-op and post-
op)

4.5 24 (5 year) 0.02

113 C 4.6 38 (5 year)

19 C 12

Schlag [30] 24 S SqCC 100 Cisplatin, 5FU 10 10 m (MS) NS

22 C 19 10 m (MS)

Law et al.
[32]

73 S SqCC 100 Cisplatin, 5FU 8.7 13 m (MS) NS

74 C 8.3 16.8 m (MS)

Kelsen et al.
[33]

227 S AC 53 Cisplatin, 5FU – 26 NS

216 C – 23

Ancona et al.
[34]

48 S SqCC 100 Cisplatin, 5FU 4.2 22 (5 year) NS

48 C 4.2 34 (5 year)

Allum et al.
[37] (MRC)

402 S AC 67 Cisplatin, 5FU 10 17 (5 year) 0.03

400 C 10 23 (5 year)

Boonstra
et al. [35]

84 S SqCC 100 Cisplatin,
etoposide

4 17 (5 year) 0.03

85 C 5 26 (5 year)

Maipang
et al. [31]

22 S SqCC 100 Cisplatin,
vinblastine,
bleomycin

– 36 NS

24 C 17 31

N number, S surgery, C chemotherapy, AC adenocarcinoma, SqCC squamous cell carcinoma, FU fluorouracil, OS
overall survival, NS not significant
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Kelsen did not show a survival benefit [33]. In this randomized trial 216 patients
underwent preoperative chemotherapy with cisplatin and 5-FU and 227 patients
underwent surgery alone. The histological type was split 50/50 between EAC and
SqCC. There was not a significant difference in survival between the neoadjuvant
chemotherapy group and the surgery alone group although there was a survival
benefit for those patients that responded to chemotherapy. The reason that there was
no difference in survival in this study is unclear as similar chemotherapeutic agents
were used. One possibility for the difference was the study size of the MRC trial
included almost twice as many patients and another is that the percentage of patients
with SqCC versus EAC was different.

7 Role of Adjuvant Chemotherapy

Adjuvant chemotherapy is generally only recommended in patients with positive
lymph nodes. Studies that have included adjuvant chemotherapy after neoadjuvant
chemotherapy and/or surgery include the MAGIC trial and the French trial [36, 38]
although in both of these trials only about 50 % of patients intended to receive
postoperative chemotherapy actually did. There are a few trials evaluating adjuvant
chemotherapy only. Ando randomized 205 patients with esophageal SqCC to either
surgery alone or surgery followed by cisplatin and vindesine. The study did not find
a statistical significance in 5-year survival between the two groups [40]. A sub-
sequent study by Ando again included patients with esophageal SqCC randomized
to surgery alone versus chemotherapy including cisplatin and 5FU. The 5-year
survival rates were 52 and 61 % for surgery alone and surgery plus chemotherapy,
respectively. This difference was not statistically significant [41]. It is important to
realize that both of these studies only included those patients with esophageal
cancer and furthermore only SqCC histology.

The question of neoadjuvant chemotherapy compared to adjuvant chemotherapy
has been evaluated by a Japanese trial in which patients with esophageal SqCC were
randomized to cisplatin and 5FU either pre- or post-operatively. Overall 5-year
survival rates were significantly improved in the preoperative chemotherapy group
(55 %) compared to the postoperative chemotherapy group (43 %) [42].

8 Summary

In conclusion, the evidence suggests that neoadjuvant chemotherapy or chemora-
diotherapy provides better outcomes compared to surgery alone for esophageal
cancer, GEJ, and gastric cancers. Meta-analyses indicate a trend towards improved
survival in neoadjuvant chemoradiotherapy compared to neoadjuvant chemother-
apy. For those patients that have undergone resection for node-positive esophageal
cancer without receiving neoadjuvant therapy, some form of adjuvant treatment is
generally recommended although there is no evidence supporting chemoradiation
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versus chemotherapy alone. One of the barriers to using randomized control trials in
CER is that to answer certain questions the number of patients needed to enroll
would be prohibitive both logistically and financially. Utilization of large databases
is often beneficial to examine these questions from a different angle. One important
question that must be addressed is how are clinicians using the information from
these trials and consensus guidelines to treat their everyday patients?

9 Implementation of Consensus Guidelines
for Esophageal Cancer Treatment

It is evident that surgery alone is insufficient for treatment of locally advanced
esophageal and GEJ cancers and a plethora of randomized trials indicate that
neoadjuvant treatment is superior to surgery alone. Consensus groups such as the
National Comprehensive Cancer Network (NCCN) recommend as standard of care
neoadjuvant therapy for stage II and III esophageal cancer [43]. Multimodality
therapy for esophageal cancer was advocated in the 1980s when it became evident
that surgical resection alone resulted in poor outcomes. Neoadjuvant chemotherapy
and chemoradiation was implemented into clinical practice after a few large ran-
domized trials demonstrated survival benefits with neoadjuvant treatment in the late
1990s and early 2000s [18, 22]. The ideal treatment regimen including type of
chemotherapy, use of radiation, and if so what dose, were largely unknown due to a
heterogeneous and unstandardized mix of trials with often conflicting results.
Because of this uncertainty Merkow evaluated the national trends for neoadjuvant
use in esophageal cancer to determine the effect of these randomized clinical trials
on current esophageal cancer treatment. The study evaluated 8,562 patients from
the National Cancer Database (NCDB) that were surgically treated for esophageal
cancer between 1998 and 2007 [44]. This study demonstrated that for stage I
patients neoadjuvant therapy use significantly decreased from 23.5 % in 1998 to
11.2 % in 2007. For stage II and III patients neoadjuvant use significantly increased:
from 48 % in 1998 to 72.5 % in 2007 for stage II patients and from 51 % in 1998 to
90 % in 2007 for stage III patients. Factors that were found to be associated with
decreased use of neoadjuvant therapy for stage II and III patients were older age,
severity of comorbidity, Medicare insurance coverage, clinical stage II disease, and
residence in the western United States [44]. An additional factor evaluated using the
NCDB was perioperative mortality. In this study evaluating over 1,000 different
hospitals, there was no significant difference in perioperative mortality between the
patients treated with neoadjuvant therapy compared to those undergoing surgery
alone. There was a significant decrease in surgical margin positivity rate as well as
lymph node positivity in those patients who underwent neoadjuvant treatment
compared to the surgery alone group.
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10 Implementation of Consensus Guidelines for Gastric
Cancer Treatment

In a similar study to the one mentioned above, Sherman examined the imple-
mentation of gastric cancer guidelines into clinical practice using the NCDB [45].
In some clinical trials proximal gastric adenocarcinoma, GEJ, and distal esophageal
tumors are treated similarly [27, 36, 38]. As mentioned before, the Cuningham
(MAGIC), Macdonald (INT-0116), and Ychou trials demonstrated that adjuvant
therapy use in gastric AC resulted in a significantly improved overall survival [27,
36, 38]. These trials were published in the early 2000s and it was unclear how the
results of these trials translated into generalized clinical practice outside the aus-
pices of a trial. Based on these studies, the NCCN guidelines recommend preop-
erative chemoradiation for localized GEJ AC and perioperative chemotherapy or
postoperative chemoradiation therapy for localized gastric AC [43]. To determine
the impact of the studies and guidelines, Sherman identified 30,448 patients from
the NCDB who underwent surgical resection for a diagnosis of stage IB-III gastric
adenocarcinoma between 1998 and 2007 [45]. The proportion of patients with stage
IB-III gastric adenocarcinoma who received systemic therapy (either pre- or post-
operatively) increased by 71 % (from 35.7 to 61 %) between 1998 and 2007 while
the proportion of patients who underwent surgery alone significantly decreased. The
largest annual increase occurred between 1999 and 2000 which coincides with the
release of the INT-0116 trial findings. The use of neoadjuvant therapy was also
significantly increased between 1998 and 2007 from 6 to 20 %, with the largest
increase between 2005 and 2006 which corresponded with the release of the
MAGIC trial results. Multivariate analysis identified several factors for predicting
systemic therapy use (pre- or postoperative): young age, male, fewer comorbidities,
higher income, and private insurance. The most predictive factor for receiving
neoadjuvant therapy was tumor location in the gastric cardia.

11 Summary

These studies indicate that clinical treatment of gastroesophageal cancer in the
United States is changing. These changes seem to correlate with the release of large
randomized trials and consensus guideline updates. While many physicians are
altering their treatment based on current literature and studies, many physicians
have not yet implemented these changes.

12 Gastric Cancer Lymph Node Dissection

One of the first clinicians to promote extended lymphadenectomies in gastric cancer
was a Polish-Austrian surgeon Mikulicz [46]. He believed that aggressive locore-
gional control was paramount in controlling the orderly step-wise progression of
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cancer metastases through the lymph nodes. Even today the debate continues: those
surgeons that advocate a D2 or D3 resection echo Mikulicz’s beliefs for locore-
gional control, and opponents argue that extensive surgery only adds perioperative
morbidity and mortality without a survival advantage. Most patients who present
with gastric cancer in the United States have advanced disease and the majority who
undergo resection are found to have nodal disease [47, 48]. Controversy continues
as Asian countries have been performing extended lymphadenectomies for decades
while Western countries have only recently incorporated extended lymphadenec-
tomies (D2) into their guidelines [43, 49]. Gastric cancer lymphatic drainage
generally follows the vasculature. The most common locations for nodal metastases
are lesser curvature (29 %), infra-pyloric (23 %), greater curvature (22 %), right
cardia (19 %) and left gastric artery (19 %) [50]. Generally gastric lymph node
dissections can be divided into D1 through D4 and the lymph node stations are
numbered (Fig. 1). A D1 dissection involves removal of the stomach and the
perigastric lymph nodes. In a D2 dissection, additional lymph nodes are removed
including nodes along the left gastric, common hepatic, splenic, and left hepa-
toduodenal artery. D3 and D4 dissections include posterior hepatoduodenal and
para-aortic lymph nodes [51]. Much of the controversy surrounding lymph node
dissections in gastric cancer started in the 1980s when stage-specific 5-year survival
in Japan was shown to be superior to that in the United States [52]. It was theorized
that this difference was due to the extended lymphadenectomies performed in Japan

Fig. 1 Gastric lymph node stations [91]
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compared to the United States. This stimulated multiple randomized trials com-
paring the extent of gastric lymphadenectomies.

One of the first trials was performed in South Africa by Dent in the late 1980s. In
this study 22 patients were randomized to a D1 resection and 21 patients to the D2
resection group. While the morbidity was found to be higher in the D2 group, the
survival at 3 years was similar between the two groups [53]. A larger trial was
performed in the United Kingdom with a total of 400 patients who were random-
ized to a D1 or D2 lymphadenectomy [54]. For tumors in the middle and upper
third, a distal pancreaticosplenectomy was performed to obtain the splenic hilar
nodes and retropancreatic nodes. There was no significant difference in 5-year
survival between the two groups: 35 % compared to 33 % for D1 versus D2 groups
respectively. Although there was no overall survival difference, on multivariate
analysis, those patients who underwent a D2 resection but did not undergo a distal
pancreaticosplenectomy did have an improved survival rate compared to the D1
group. A similar trial performed in the Netherlands accrued patients with gastric
cancer from 80 Dutch hospitals and randomized 380 patients to a D1 lymphade-
nectomy and 331 to a D2 lymphadenectomy [55]. The 5-year survival rates were
not significantly different: 45 % for the D1 group and 47 % for the D2 group. There
was a significant increase in complications (25 % vs. 43 %) and postoperative
deaths (4 % vs. 10 %) in the D2 group compared to the D1 group. When the study
was followed out to 11 years the survival for the two groups remained similar: 30 %
versus 35 % for the D1 and D2 groups respectively [56]. When subgroups were
analyzed, it was determined that a D2 lymphadenectomy may benefit those patients
with N2 disease and that a pancreatectomy/splenectomy seemed to be the biggest
risk factor of postoperative morbidity and mortality.

One of the main concerns regarding the two prior studies was a lack of surgeon
training in D2 resections and variations between individual surgeons at different
hospitals. Because of this the next trial performed in Italy included specialized
surgeon training. In this study, 267 patients with gastric cancer were randomized to
a D1 or D2 resection [57]. Unlike the previous studies, there was not a significant
difference in morbidity in the D1 versus D2 groups (12 % vs. 18 %) or operative
mortality (3 % vs. 2.2 % respectively) [58]. Similar to the previous studies, there
was not a significant difference in 5-year survival between the D1 and D2 groups:
66.5 % versus 64.2 % respectively. When the subgroups were analyzed, it was
found that patients with T2-T4 tumors and positive lymph nodes who underwent a
D2 resection had a significantly improved 5-year survival rate compared to those in
the D1 group: 59 % versus 38 %.

To determine the outcome of extended lymphadenectomies in Eastern patients, a
randomized trial in Taiwan was performed at a single institution with 3 well-trained
surgeons [59]. Patients were randomized to a D1 resection or a D3 resection. A D1
resection was defined as dissection of the perigastric lymph nodes in close prox-
imity to the tumor along the greater and lesser curvatures [59]. A D3 dissection was
defined as additional lymph node dissection around the blood vessels supplying the
stomach such as the left gastric, common hepatic, and splenic, as well as lymph
nodes in the hepatoduodenal ligament and retropancreatic region. Overall 5-year
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survival was significantly improved in the D3 resection group at 60 % compared
with the D1 group at 53.6 %. Quality control for the surgeons was attempted by
having only 3 surgeons perform the operations and each completed at least 25 D3
resections prior to the study. This study implies that in gastric cancer a D3 resection
by well-trained surgeons offers a survival benefit compared to a D1 resection.
A Japanese study evaluated whether an even more extensive lymphadenectomy
known as a para-aortic lymph node dissection (PAND) was superior to the standard
D2 lymphadenectomy with gastric resection [60]. The trial was performed in 24
hospitals and 523 patients with curable gastric cancer were randomized to either the
standard D2 resection or a D2 resection plus PAND. There was a trend toward
increased complications in the D2 plus PAND group with 28 % compared to the D2
group at 21 %. There was no significant difference in 5-year survival between the
two groups: 70.3 % for the D2 plus PAND group compared to 69.2 % for the D2
alone group.

13 Gastric and Esophageal Lymph Node Examination
in the United States

Regardless of one’s opinions about the ideal lymphadenectomy, what has been
shown is that lymph node metastases are an important prognostic factor after gastric
resection [61–64]. An adequate lymphadenectomy is necessary to allow for accu-
rate pathologic staging. Several studies have investigated this issue and current
consensus guidelines recommend a minimum of 15 lymph nodes to allow for
reliable staging [43, 65–67]. Similar to esophageal and gastric cancer guidelines, it
was unclear how treatment across the United States reflected these recommenda-
tions. Bilimoria evaluated how hospital type and volume effected the adequacy of
the lymph node resection in gastric cancer [68]. The NCDB was used to identify
3,088 patients who underwent resection for gastric cancer. Of these patients, only
23.2 % had greater than or equal to 15 lymph nodes resected for pathologic
evaluation, with an average of 7 lymph nodes [68]. The study also demonstrated
that patients were significantly more likely to have greater than 15 lymph nodes
examined if they underwent resection at an NCCN-NCI center compared to other
academic or community hospitals. Patients were also significantly more likely to
have greater than 15 lymph nodes examined if they underwent resection at the
highest volume centers compared to high, moderate, or low volume centers.

Like gastric cancer, the NCCN guidelines recommend examining greater than
15 lymph nodes for adequate staging. The adequacy of lymph node resections
following esophageal resection in the United States was unknown prior to a study by
Merkow which evaluated this question. The study identified 13,995 patients from the
NCDB of which 23.5 % had a least 15 lymph nodes examined [69]. During the most
recent period of study from 2005 to 2007, greater than 15 lymph nodes were
examined in 39 % of academic hospitals compared to 28 % at community hospitals,
and in 44.1 % at high-volume centers compared to 29.3 % at low-volume centers.
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14 Surgical Treatment for Esophageal and Gastric
Tumors

Another source of controversy in esophageal cancer is the surgical management.
Esophagectomy is the surgical treatment of esophageal cancer. The type of
esophageal resection is dictated by the location of the tumor, the available choices
for conduit, and surgeon experience. Surgical therapy remains the mainstay for
patients with localized lesions who are fit for major resection, and in the absence of
metastatic disease, resection with negative microscopic margins offers the best
chance for long-term survival [70, 71]. Appropriate surgical resection depends upon
the location and extent of the primary tumor. Surgical strategy should provide the
optimal cancer operation with minimal morbidity. For patients with GEJ or prox-
imal gastric lesions, the surgeon will have to make a choice between performing a
transabdominal total gastrectomy with esophagojejunal anastomosis versus a
combined transthoracic and transabdominal resection of the distal esophagus and
proximal stomach with intrathoracic esophagogastric anastomosis (traditional Ivor-
Lewis procedure) or transhiatal esophagectomy with cervical esophagogastric
anastomosis. In general, if the tumor is limited to the proximal portion of the
stomach with minimal extension past the GEJ, a total gastrectomy with intraab-
dominal esophagojejunal anastomosis is our procedure of choice. We recognize that
a longer (>5 cm) negative distal margin will not enhance survival for patients with
proximal lesions, but this procedure may minimize post-gastrectomy complications
compared to proximal subtotal gastrectomy.

15 Transhiatal Versus Transthoracic Esophagectomy

In an effort to obtain an adequate esophageal margin for more proximal esophageal
lesions, an esophagectomy is often required. While there is debate as to whether a
transhiatal approach versus a transthroacic approach is preferred, there is no clear
evidence indicating the ideal approach [72, 73]. In a meta-analysis by Rindani
comparing those two techniques, esophagectomy data from 5,500 patients (44 ser-
ies) were analyzed [74]. The results demonstrated similar rates of postoperative
respiratory and cardiovascular complications. A higher incidence of anastomotic
leaks and recurrent laryngeal nerve injuries was found in the transhiatal group [74].
While the 30-day mortality was 6.3 % in the transhiatal group compared to 9.5 % in
the transthoracic group, the 5-year survival was similar [74]. In a landmark study,
Hulscher et al. [75] assigned 220 patients with adenocarcinoma of the mid-to-distal
esophagus or gastric cardia involving the distal esophagus either to transhiatal
esophagectomy or to transthoracic esophagectomy with extended en bloc lym-
phadenectomy. Both operative time and estimated blood loss (EBL) were signifi-
cantly lower with the transthoracic esophagectomy: 3.5 h versus 6 h and 1 L versus
1.9 L respectively [75]. Although pulmonary complications and chylous leakage
were higher after transthoracic esophagectomy (57 % vs. 27 % and 10 % vs. 2 %
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respectively) the in-hospital mortality was not significantly different. Duration of
mechanical ventilation, ICU and hospital time was shorter in the transhiatal
group. Furthermore, there was no significant difference in overall or disease free
survival for patients who underwent transhiatal esophagectomy versus those who
underwent transthoracic esophagectomy. In 2008, Chang published data from a large
population-based study comparing both approaches through the Surveillance, Epi-
demiology and End Results (SEER) and found a lower operative mortality after
transhiatal esophagectomy; 6.7 % versus 13.1 % [76]. Although a higher 5-year
survival was noted after transhiatal esophagectomy, after adjusting for other vari-
ables, no significant difference was found.

16 Minimally Invasive Approaches of Esophagectomy

16.1 Ivor Lewis Esophagectomy

The minimally invasive Ivor Lewis esophagectomy begins with five-port laparos-
copy in supine position. After gastric mobilization and abdominal lymphadenec-
tomy the gastric conduit is created by use of an endoscopic linear stapler. Once the
phrenoesophageal ligament is divided, the abdominal part of the procedure is
complete and the patient is repositioned in either the left lateral decubitus position
or the prone position. The procedure is continued with four-port thoracoscopy. The
first thoracic step is the division of the pulmonary ligament followed by circum-
ferential mobilization of the esophagus, division of the azygos vein and dissection
of paraesophageal, lower and middle mediastinal, subcarinal and right-sided para-
tracheal lymph nodes. When the gastric conduit is mobilized into the thorax, the
esophagus is divided just superior to the level of the carina and an intrathoracic
anastomosis can be accomplished with transoral and transthoracic staplers. Based
on a recent review comparing open and minimally invasive esophagectomy in terms
of anastomotic leakage and stenosis rates, both techniques can be considered
equally safe and effective [77, 78]. However, a hybrid minimally invasive technique
combining the open and endoscopic techniques for transthoracic resection has also
been described.

17 McKeown Esophagectomy

The 3-incisional McKeown esophagectomy combines features of the transhiatal and
the Ivor-Lewis transthoracic technique. The abdominal and thoracic stages of the
procedure are comparable to the previously described Ivor-Lewis technique and
allow the surgeon to perform the same two-field (upper abdominal and mediastinal)
lymphadenectomy under direct vision. The main difference however, is the addition
of a left cervical incision to allow a cervical anastomosis. Although robust scientific
evidence is lacking, cervical reconstruction is considered to have clinical advantages
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compared to an intrathoracic anastomosis. The advantages include improved leak
management in the event of an anastomotic breakdown, and wider proximal resection
margins. A high rate of anastomotic leakage and stenosis are the disadvantages of this
technique [79, 80]. The thoracoscopic and laparoscopic portion of the minimally
invasive McKeown technique are comparable to the descriptions above. However,
the procedure usually begins with a thoracic stage to avoid the need for extra repo-
sitioning. Removal of the resection specimen and construction of the gastric conduit
usually occurs through an accessory upper midline incision of 5 cm. Subsequently the
gastric conduit is delivered to the cervical region where again a hand-sewn or stapled
anastomosis can be performed. Similar to the minimally invasive Ivor Lewis
approach, hybrid minimally invasive McKeown procedures can be performed.

18 Robotic Esophagectomy

A robot-assisted esophagectomy has also been described, allowing three-dimen-
sional visualization, improved magnification, and a greater range of instrument
motion. Robotic assistance has been described for gastric mobilization (in both
transhiatal and transthoracic resections), mediastinal lymphadenectomy, dissection
of the esophagus and generation of an intrathoracic anastomosis. The need for
single-lung ventilation is a potential limitation. However, preliminary studies
showing equality with above-mentioned techniques in terms of safety and efficacy
have led to the ROBOT trial, comparing open and robot assisted esophagectomy
[81, 82]. A combination of randomized controlled trials (RCT) and meta-analyses
have compared open versus minimally invasive esophagectomy with the goal of
determining the most effective approach for esophageal cancer [77, 83, 84]. The
following section will compare open versus minimally invasive esophagectomy in
terms of their respective outcomes.

19 Outcomes

Nagpal et al. [85] addressed intraoperative outcomes based on five comparative
studies and found that blood loss was significantly lower in the minimally invasive
group. This beneficial effect of minimally invasive surgery was confirmed by the
recent TIME trial by Biere, comparing minimally invasive versus open esopha-
gectomy for patients with esophageal cancer. There was a significant decrease in
blood loss in the minimally invasive group (200 mL) versus the open esophagec-
tomy group (475 mL) [77]. Comparative studies evaluating operative time have
demonstrated decreased operative times in the laparoscopic group compared to the
open transhiatal esophagectomy group [85]. In a recent systematic review, seven
out of nine included studies (including the TIME trial) showed a significantly
increased operative time in case of thoracoscopic resection [77]. Additional studies
comparing a minimally invasive approach to an open approach are listed in Table 3.
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The most significant factor for the decreased overall morbidity after minimally
invasive esophagectomy is the reduction in pulmonary complications. This is
reflected by significant differences demonstrated in the meta-analyses of Nagpal, the
TIME trial, and to a lesser extent by an observed trend in the meta-analysis by
Sgourakis et al. [83]. The evidence about laryngeal nerve palsy is contradictory.
The TIME trail showed a significantly lower rate of recurrent laryngeal nerve palsy
after minimally invasive resection, which is in accordance with the study by
Schoppmann although this contradicts the findings in a meta-analysis [77, 86].
Patients treated in the minimally invasive arm of the TIME trial reported a sig-
nificantly higher short-term quality of life in terms of physical status, global health
and in relation to common postoperative symptoms like pain and speech impedi-
ment [77]. Based on the discussed literature, minimally invasive esophagectomy
should be regarded as a safe alternative to open resection with proven short-term
advantages with respect to pulmonary status, vocal cord function and quality of life.

One of the most controversial issues in the surgical treatment of esophageal
cancer is the oncological adequacy of a minimally invasive resection. A major
factor in oncologic adequacy is the proportion of R0 resections. Unfortunately,
comparisons of R0 resection rates between open- and minimally invasive esopha-
gectomy are rarely reported. In three recent comparative studies R0 resection rates
were reported [77, 87, 88]. In the TIME trial an insignificant difference of 8 %
(92 % vs. 84 %) in favor of minimally invasive esophagectomy was observed [77].
Two similar studies by Sihag and Sundaram, comparing perioperative outcomes
following open versus minimally invasive Ivor Lewis esophagectomy, found no
significant differences in R0 resection: (100 % vs. 93.4 %) and (93.6 % vs. 92.3 %)
respectively [87, 88]. Contrary to R0 resection rates, the total number of retrieved
lymph nodes is a commonly reported outcome measure. One of the three meta-
analyses on this topic reported a significant increase in median number of nodes, 16
versus 10, in favor of minimally invasive esophagectomy [84]. In the same review
the described increase in lymph node retrieval did not seem to translate to a survival
benefit as no significant differences were found in one-, two-, three- and five-year
survival [84]. Currently available data imply that oncologic outcomes of minimally
invasive esophagectomy are not inferior to those of open esophagectomy.
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Comparative Effectiveness in Colon
and Rectal Cancer
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Abstract

Treatment of colorectal cancer is becoming more uniform, with wider
acceptance of standardized guidelines. However, areas of controversy exist
where the appropriate treatment is not clear, including:

• should a segmental colectomy or a more extensive resection be performed in
hereditary nonpolyposis colorectal cancer?

• should an asymptomatic primary cancer be resected in the presence of unre-
sectable metastatic disease?

• what is the role of extended lymph node resection in colon and rectal cancer?
• are there clinically significant benefits for a robotic approach to colorectal

resection versus a laparoscopic approach?

This chapter will examine these issues and discuss how they may be resolved.
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1 Extended Versus Segmental Resection
for Hereditary Nonpolyposis Colorectal Cancer

Persons with hereditary nonpolyposis colorectal cancer (HNPCC) are at increased
risk for metachronous cancers compared to the general population. This risk has been
estimated to be 40 % by 10 years [1]. In addition, the adenoma-carcinoma sequence
appears to be accelerated in HNPCC, so that persons with HNPCC can progress from
a normal colonoscopy to carcinoma within 2–3 years, [2, 3] mandating colonoscopy
every 1–2 years. Such surveillance has been shown to decrease the risk of subsequent
cancer by more than 63 %, even when conducted only every 3 years, and also
decreases the risk of death related to colorectal cancer [4]. However, some studies
have shown a significant risk for development of cancer despite intensive surveil-
lance, ranging from 6 to 25 % [2, 5, 6]. In addition, the rate of missed adenomas on
colonoscopy has been found to be as high as 55 % in HNPCC, [7] suggesting that
there continues to be significant risk of subsequent cancer even with intensive sur-
veillance. Because of this uncertainty, the NCCN guidelines recommend the surgeon
“consider more extensive colectomy for patients with a strong family history of colon
cancer or young age (<50),” but stop short of recommending this [8].

The ability to detect microsatellite instability and defective mismatch repair
genes preoperatively has blossomed over the last several years. Patients with likely
HNPCC can be diagnosed preoperatively using germline testing when there is an
established family history of HNPCC. The diagnosis can also be suggested when
immunohistochemistry testing fails to show intact mismatch repair enzymes or
when there is microsatellite instability in a biopsy specimen, even if there is no
suggestive family history. Now much more frequently than before, an individual is
known to be an HNPCC carrier prior to surgery. Thus, the question arises whether
patients with a colorectal cancer in the setting of HNPCC should have a more
extensive resection, such as a subtotal or total colectomy or an ileoanal pouch. This
may reduce their risk of a subsequent cancer more than having a segmental
resection but is associated with functional consequences. Also undetermined is
whether a known HNPCC carrier should have a prophylactic colectomy, and if so
which procedure should be performed.

Several attempts have been made to compare these operative strategies. In a
study of colorectal cancer patients in known HNPCC families, Mecklin and Jar-
vinen [9] found metachronous cancers in 41 % of patients who had undergone
segmental resection versus 24 % who had subtotal colectomy during 7 years of
follow up. Similarly, Van Dalen [10] found no metachronous cancer among patients
who had total colectomies versus 16 cancers in 70 patients who had segmental
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resections (although the rate of metachronous cancer in this group was quite dif-
ferent depending on whether the patients had been followed up at the original
institution or another institution). These results would suggest that patients with
HNPCC may benefit from a more extensive resection.

Decision analysis has also been used as a tool to model outcomes between the
two strategies. Maeda et al. [11] performed a decision analysis of segmental versus
total abdominal colectomy for a hypothetical cohort of 30-year-old patients with
HNPCC. For this population, total abdominal colectomy led to an improvement in
survival of 0.7 years and no appreciable difference in quality-adjusted life years.
Which operation was preferred was dependent on the quality of life associated with
each operation, the patient’s age and the hypothesized risk of metachronous cancer,
so the authors recommended the procedure to be performed should be chosen on a
case-by-case basis taking these factors into account. Cappel et al. [12] in a study
that did not examine quality of life, found a predicted 2.3-year survival benefit
among a cohort of 27-year-old patients with cancer undergoing total abdominal
colectomy as compared to segmental resection, although this survival benefit
decreased with age.

Despite the predominance of right-sided cancers in HNPCC, approximately
15 % of initial cancers in HNPCC patients will be rectal cancers [13]. For a patient
with rectal cancer in the setting of HNPCC, the functional difference between a
segmental and extended resection becomes more stark, as extended resection would
require an ileoanal pouch, as has been recommended by some [14]. There are few
studies examining this specific area, other than the case series by Kalady et al. [2]
demonstrating a greater than 50 % risk of high-risk adenoma or carcinoma after
proctectomy, despite colonoscopic surveillance. In that series, one patient devel-
oped a metachronous cancer within 2 years of a normal colonoscopy.

For a patient known to have HNPCC who has not yet been diagnosed with a
colorectal cancer, there is little data on whether they should be offered a prophy-
lactic colectomy. Some authors have suggested prophylactic colectomies for known
gene carriers may be appropriate in certain situations [14, 15]. A decision analysis
study by Syngal et al. [16] found that for a hypothetical 25-year-old HNPCC
carrier, prophylactic proctocolectomy was associated with an increase in survival of
15.6 years versus no intervention, whereas intensive surveillance was associated
with an increase of 13.5 years. With increasing age prophylactic proctocolectomy
became less beneficial, and when health-related quality of life was considered,
surveillance led to greater benefit than prophylactic proctocolectomy. However,
there is no retrospective or prospective data to guide this decision making.

There are several barriers that have prohibited more conclusive research in this
area. First, HNPCC represents approximately only 3 % of colorectal cancers, so
obtaining adequate numbers of patients would require a multi-institutional study or
a study spanning many years at a single institution. Second, the functional conse-
quences of a segmental resection versus a more extensive resection mean that
patients may have a strong preference for one option versus another, and some
patients may not be a candidate for a more extensive resection due to pre-existing
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incontinence or diarrhea. Third, the diagnosis of HNPCC has historically been
based on the Amsterdam criteria rather than genetic testing, leading to exclusion of
patients from studies if their family history was not strongly suggestive of HNPCC
due to a small family size or de novo genetic mutation. Patients may also have been
incorrectly classified as having HNPCC based on the Amsterdam criteria even
when their genetic predisposition was instead due to another cause such as Familial
Colorectal Cancer Type X.

The time may be right for a randomized controlled trial of extended versus
segmental resection for established colorectal cancer, which would clearly provide
the best quality evidence regarding the optimal surgical procedure. The ability to
diagnose HNPCC prior to surgery, even in persons who may not have been sus-
pected to have HNPCC based on family history, and the ability for institutions to
collaborate through the use of registries may lead to a sufficient number of patients
being available for enrollment in a study. The risks and benefits of a segmental
versus extended resection do not currently show one of these strategies to be clearly
superior and therefore it is acceptable from an ethical standpoint to enroll patients in
a randomized trial on this subject. With metachronous cancer rates being as high as
40 % at 10 years, [1] the randomized trial may not require an extensive period of
time to show whether there is an effect on the rate of metachronous cancer, provided
enough patients can be enrolled. At a minimum, the use of a centralized registry of
HNPCC patients would allow for a case series to be conducted with larger number
of patients than the studies already in existence, thus providing more reliable
information regarding the risk of subsequent cancer.

It would be difficult to use a randomized controlled trial to evaluate surgical
options for HNPCC patients presenting with rectal cancer or persons known to
carry a mismatch repair gene defect who have not yet developed cancer. In these
patients, the functional differences between standard resection and total proctoco-
lectomy for the rectal cancer patients, and no surgery and total proctocolectomy for
the mismatch repair gene defect patients, are disparate enough that it would likely
be difficult to recruit patients to this sort of trial. Since both of these situations
represent a very small minority of the colorectal cancer patients seen by the typical
surgeon, this is a case where a centralized registry may help with compiling such
cases and allow analysis of outcomes through a case series. Ideally, quality of life
data would also be gathered, but this would be difficult given the likely large
number of contributors to the registry.

Thus, there are no compelling data that mandate the appropriate surgery for a
patient with HNPCC and colon cancer. At present, the decision must be individ-
ualized based upon the patient’s age, disease status, bowel function and individual
preference. Even less clear is what should be done for the patient with an HNPCC-
associated rectal cancer, or a mismatch repair gene defect carrier who has not yet
developed a colorectal cancer. However, due to an increased ability to identify
mismatch repair gene carriers, there is great promise for future research in this area.
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2 Resection of an Asymptomatic Primary Tumor
in Unresectable Metastatic Disease

As many as 20–25 % of patients will have metastatic disease at the time of pre-
sentation with colorectal cancer [17]. Even within this group, presentations can
vary, from the patient with a symptomatic primary and minimal metastatic disease,
to the patient with no symptoms from the primary and extensive metastatic disease,
to the patient with both primary and metastatic disease that may become resectable
after chemotherapy. The patient with an asymptomatic primary tumor and unre-
sectable metastatic disease represents a special case. In this situation, the NCCN
guidelines recommend chemotherapy with monitoring of response every 2 months.
Surgery is recommended only if both the primary and the metastases become
completely resectable [8].

In reality, the situation may not be so straightforward. Resection of the
asymptomatic primary may be advisable for two reasons. First, it may prevent
complications from the tumor during chemotherapy, such as perforation or
obstruction, or allow use of additional chemotherapeutic agents such as bev-
acizumab. Second, and more controversially, it may prolong survival even in the
presence of unresectable metastatic disease.

The risk of tumor complications from an unresected primary tumor during
chemotherapy has been widely variable in the literature (Table 1). Complications
can include perforation, bleeding and obstruction. There have been particular
concerns about the use of bevacizumab contributing to an increased risk of tumor
perforation, leading some oncologists to avoid use of bevacizumab when there is an
intact primary tumor. Other authors have not found this to be the case and have
recommended use of bevacizumab with an intact primary tumor [18].

Resection of the primary has its own risks. The risk of mortality with resection of
the primary has been found to be between 1.6 and 4.6 % [19, 20]. Resection of the
primary tumor delays initiation of systemic therapy, particularly if postoperative
complications occur, potentially allowing progression of metastases. Rarely,
patients may still be at risk for complications from the primary tumor, such as

Table 1 Risk of
complications from primary
tumor during chemotherapy
with unresectable metastatic
disease

Author, year Complications due to primary (%)

Benoist, 2005 15

Cellini, 2010 67

Galizia, 2008 30

Karoui, 2011 19

McCahill, 2012 14

Muratore, 2007 8.6

Ruo, 2003 29

Scoggins, 1999 8.7

Seo, 2010 19.9

Tebutt, 2003 9.8
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obstruction or perforation, if there is recurrence of the tumor either at an anasto-
mosis or at another site in the bowel. In fact, a recent Cochrane review concluded
there was no significant reduction in the risk of complications when surgery as the
initial therapy was compared to chemotherapy and/or radiation as the initial therapy
[21]. These findings have lead several authors to recommend avoidance of resection
for asymptomatic primary tumors, [18, 20, 22, 23] while others recommend
resection, particularly for patients who are low-risk for surgery from a medical
standpoint [24, 25].

Resection of the primary could also theoretically slow the progression of the
disease by debulking the tumor, allowing chemotherapy to work more effectively
on the remaining disease. Many studies have examined the possibility of a survival
benefit with resection of the primary tumor, but these have been hampered by the
strong influence of patient selection since these were retrospective studies. Often
patients who were in better medical condition or those who were thought to have a
possibility of cure with from a combination of resection and chemotherapy were
chosen for resection, leading to a bias toward much more advanced disease in the
nonresected subjects. Results of such studies have varied widely. For studies lim-
ited to patients with asymptomatic primary tumors and unresectable metastatic
disease, some studies have shown a survival benefit while the majority have not
(Table 2). The authors of these studies have been split on whether resection of the
primary is beneficial. Some have advocated for this approach [26] whereas others
have not [20, 27–29]. If the criteria are expanded so that studies that include
symptomatic primaries or resectable metastatic disease are included (Table 3), the
picture becomes even more clouded. In these studies, it is difficult to determine how
much of the improvement in survival, if demonstrated, could be due to patients who
are curable. Some multivariate analyses have found tumor resection to be an
independent predictor of survival [30–32] while others have not [33]. A Cochrane
review on the subject concluded there is no consistent improvement in overall
survival with resection of the primary tumor [21].

Thus, retrospective data have been very limited in their ability to allow reliable
conclusions about the role of resection of the primary due to issues with patient
selection. Ideally, a randomized controlled trial could be done among patients with
asymptomatic primaries and unresectable metastatic disease who are medically fit to
undergo resection, thus eliminating these patient selection factors that have plagued
retrospective studies. However, recruitment for such studies has been difficult, with
at least two studies being closed due to lack of recruitment [34, 35]. This difficulty
with recruitment likely relates to patients being unwilling to undergo surgery for
unclear benefit, or care providers encouraging them to have resection due to the
perceived risk of complications from the primary. There is currently another ran-
domized controlled trial on this subject underway, [36] which one hopes will
provide definitive data as to whether primary tumor resection is associated with
decreased complications or lengthened survival.

Other important issues in these cases are quality of life and patient preferences.
Since surgery can be associated with short-term decreases in quality of life, this
could be a major consideration in patients who likely have a limited life expectancy.
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Patient preferences in this area could be examined with the time-trade-off method,
where patients are given a hypothetical scenario where the typical postoperative
course for surgery is described in detail and patients are asked if an increased
survival of 6 months, for example, would lead them to choose surgery and its
associated recovery in order to gain this survival benefit. The anticipated increase in
survival is then lessened and the same question asked again, with the process
repeated until the patient no longer reports they would be willing to have surgery
for the anticipated survival benefit. Such a study could provide information as to
whether most patients would consider resection of the primary, even if it were
proven to be associated with some definite increase in survival.

Thus, it remains unclear whether resection of the primary tumor is associated
with a decrease in complications from the primary tumor or an increase in survival.
Patient preferences in this area have not been well studied and are likely to play a
significant role in whether surgical intervention for the primary tumor is pursued.

Table 2 Case series evaluating resection of primary in unresectable metastatic colon and rectal
cancer with asymptomatic primary tumors

Author, year Number
of
patients

Follow up,
months

Survival,
months

Comments

Benoist, 2005 Difference in survival not
significantResection of primary 32 Not stated 2-year

OS: 44 %

No resection 27 2-year
OS: 41 %

Galizia, 2008 p = 0.03 for difference in
survivalResection of primary 42 16 15

No resection 23 12 12

Ruo, 2003 p < 0.001 for difference
in survivalResection of primary 127 >80 %

followed
until death

16

No resection 103 9

Scoggins, 1999 Difference in survival not
significantResection of primary 66 Not stated 14.5

No resection 23 16.6

Seo, 2010 Survival different in
univariate but not
multivariate analysis

Resection of primary 144 49 22.0

No resection 83 14.0

Tebutt, 2003 Difference in survival not
significant in
multivariate analysis

Resection of primary 280 30 14.0

No resection 82 19 8.2

Unless otherwise noted, follow up and survival numbers are reported as medians
OS overall survival
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3 Standard Versus Extended Lymph Node Resection
for Colon and Rectal Cancer

Great emphasis has been placed on ensuring appropriate oncologic resection for
colon and rectal cancer, with 12 nodes in the specimen being a generally accepted
standard to ensure an adequate resection and accurate staging. This standard does
not take into account factors that are associated with decreased lymph node number
(such as radiation, left-sided resections or variations in pathology practice), [37] or
whether an increased number of lymph nodes was obtained by resecting a greater
length of bowel, a longer segment of the feeding vessel, or a more complete

Table 3 Studies evaluating resection of primary in metastatic colon and rectal cancer, resectable
metastatic disease and symptomatic primaries included

Author, year Number of
patients

Follow up,
months

Survival,
months

Comments

Cellini, 2010 Difference in survival not
significantStaged primary and

liver
13 23 50

Synchronous
primary and liver

30 54

Primary only 22 32

No resection 9 37

Chan, 2010

Resection of primary 286 Variable 14

No resection 125 6

Chew, 2012 Patients routinely received
primary resection unless
contraindication

Resection of primary 696 9 1-year cancer-
spec.: 48.7 %

No resection 22 1-year cancer-
spec.: 9 %

Cook, 2005 Analysis of the SEER
databaseResection of primary 17,658 Not stated 11 colon, 16

rectal

No resection 9,097 2 colon, 6
rectal

Karoui, 2011 Resection independent
predictor of survival in
multivariate analysis

Resection of primary 85 19.7 30.7

No resection 123 21.9

Konyalian, 2007 Resection independent
predictor of survival in
multivariate analysis

Resection of primary 62 Not stated 12.3

No resection 47 4.5

Unless otherwise noted, follow up and survival numbers are reported as medians
SEER Surveillance, Epidemiology and End Results
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mesocolic/mesorectal excision. Some have advocated a more aggressive resection
of the lymph nodes, beyond this numerical standard, for both colon cancer and for
rectal cancer. It remains unclear whether this results in better oncologic outcomes.

3.1 Colon Cancer

For colon cancer, more aggressive resection is termed complete mesocolic excision
(CME). For the right colon, this entails a Kocher maneuver with mobilization of the
mesenteric root up to the base of the superior mesenteric artery, including dissection
of the mesentery off of the uncinate process of the pancreas and duodenum. For the
left colon, this involves takedown of the splenic flexure and resection of the
transverse mesocolon at the lower edge of the pancreas [38]. In both cases, close
attention is paid to maintaining an intact mesocolic fascia. Some authors also resect a
greater length of colon as part of this approach [39, 40]. Similar to total mesorectal
excision in rectal cancer, the theory is that maintaining intact embryologic planes
and ensuring complete resection of the mesentery will improve oncologic outcomes.

Results of this approach have generally shown acceptable operative times, blood
loss and postoperative complications [38, 41, 42]. CME has also been demonstrated
to result in a greater incidence of an intact mesocolon and a greater number of
lymph nodes resected [39, 40]. Attempts have been made to determine whether this
results in improved oncologic outcomes. Hohenberger et al. [38] showed that
among node-negative patients, those with resection of 28 or more lymph nodes had
96.3 % cancer-related 5-year survival versus 90.7 % if less than 28 lymph nodes
were resected, but a similar analysis among node-positive patients was not sig-
nificant. CME was the standard practice at that institution, so the differences in
survival were not associated with whether CME was attempted. Other studies have
shown improved outcomes with preservation of anatomic planes [43, 44] or more
extensive resection [45]. However, it remains unclear whether there is a benefit in
terms of survival or local recurrence. The primary problem is that individual centers
tend to pursue either CME or standard resection exclusively, and there are therefore
no appropriate patients to serve as comparators. Comparing outcomes from patients
operated on at different centers introduces an increased risk that any differences
observed are due to factors other than the surgical approach.

Conclusive evidence demonstrating whether there is a benefit to CME would
require a randomized clinical trial of CME versus more standard resection. How-
ever, the number of patients required to demonstrate this difference could be pro-
hibitive, depending on the endpoints chosen for the study. As an example, power
calculations can be estimated using the local recurrence rate (4.8 %) and cancer-
specific survival rate (85.2 %) from Weber et al.’s [42] study of 1,452 patients
undergoing CME who were followed for at least 5 years. Assuming an 80 % power
and a significance level of 0.05, 11,136 patients would be required to demonstrate a
25 % difference in local recurrence. In contrast, 792 patients would be required to
demonstrate a 10 % difference in cancer-specific survival. While this latter example
may represent a feasible number of patients to recruit to such a study, the number of
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patients required is exquisitely sensitive to the estimated difference in cancer-spe-
cific survival, and the 10 % difference estimate may be too high. Changing the
estimated difference in cancer-specific survival to 5 % rather than 10 % increases
the number of patients required to 2,614.

A more feasible approach may be a pathology-based study. CME could be
performed in patients, and the surgeon could delineate which areas of the specimen
they believe would have been removed in a standard resection and which areas were
resected only as a result of the CME. It may be best to have two surgeons come to
an agreement regarding these boundaries, to prevent the surgeon from under- or
overestimating the amount of tissue that would have been removed with a standard
resection, as Spasojevic et al. [46] found surprising lengths of artery remaining after
what were reportedly standard resections with high ligation. The two areas of the
specimen could then be dissected apart and processed separately. If additional nodal
metastases or tumor deposits are found frequently in the additional tissue, this
would lend more credence to the argument to perform a more extensive resection.
If, however, metastasis is infrequent in the additional tissue, this would make it
unlikely that CME contributes to a clinically significant difference in outcomes. A
similar study, looking at the location of lymph node metastases in right-sided colon
cancers, found less than 1 % of lymph node metastases were located more than
10 cm from the primary tumor (Fig. 1) [47].

3.2 Rectal Cancer

In contrast to colon cancer, in rectal cancer dissection along embryologic planes is
accepted practice. However, controversy remains about whether more extensive
lymph node dissection is of benefit. Particularly in Japan, a more aggressive

Fig. 1 Rates of lymph node metastases for cecal (a), ascending (b) and transverse colon cancers
(c). From Toyota et al. [47]
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resection is often used, including dissection of the lateral pelvic lymph nodes. This
has been shown to result in increased survival [48, 49] in some studies, although
other studies have shown no difference [50, 51]. A recent meta-analysis showed no
difference in overall or disease-free survival (Fig. 2) [52].

There are a few issues that make it difficult to determine whether extended
lymph node resection for rectal cancer is associated with a benefit. For the studies
demonstrating a survival advantage with more aggressive lymph node resection,
stage migration could be a confounding issue. More accurate staging due to a larger
number of lymph nodes being resected could theoretically correctly classify some
early stage III cancers that would have been erroneously classified as stage II, thus
improving the survival of both stage II and stage III cancers as a whole, even if
there is no actual survival benefit for extended lymph node resection. Another
pertinent issue is the use of radiation. Many of these patients do not receive pre-
operative chemotherapy and radiation. However, in other countries where preop-
erative radiation for node-positive rectal cancer is more common, such as the
United States, extended node dissection is not standard practice. There is some
evidence that these two approaches have similar effectiveness [53]. However, it is
unclear whether adding extended node dissection to radiation may further improve
outcomes. Finally, the average body mass index is generally much lower in
countries which practice extended lymph node resection, raising the question of
whether this technique can be generalized while maintaining the same results.

Whether lateral node dissection should be undertaken is particularly important
because there can be significant adverse effects. In this dissection, the pelvic nerves

Fig. 2 Meta-analysis of 5-year overall (a) and disease-free survival (b) following extended versus
non-extended lymphadenectomy for rectal cancer. Squares are point estimates of the treatment
effect, with 95 % CI indicated by horizontal bars. Diamonds are the summary estimate from the
pooled studies with 95 % CI. From Georgiou et al. [52]
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are often damaged or even intentionally sacrificed, and this results in a very high
incidence of urinary and sexual dysfunction [50, 54, 55]. For example, Akasu et al.
[54] found that with unilateral or bilateral pelvis plexus sacrifice, rates of inability to
have sexual intercourse at 1 year were 55 and 100 %, respectively. Urinary
symptoms were present in 100 % of male and 90 % of female patients in one study,
and 1 year after surgery 44 % of men and 17 % of women still required self-
catheterization [55]. Lateral node dissection has also been associated with increased
operative time [50, 52, 56] and blood loss [52, 56].

Ideally, a randomized controlled trial would determine whether extended lymph
node resection contributes any additional benefit among patients who have
undergone preoperative chemotherapy and radiation. Indeed, this study has already
been performed by Nagawa et al. [57]. They found no difference in survival
between patients undergoing a standard resection versus an extended lymph node
resection after preoperative chemotherapy and radiation. However, only 45 patients
were enrolled in this study, severely limiting its ability to detect a difference in
survival. In addition, patients with evidence of lateral pelvic or para-aortic lymph
node metastasis were excluded, although it seems this staging may have been done
after chemotherapy and radiation were completed.

A more informative study may be obtained by selecting only patients who have
evidence of lateral pelvic or para-aortic lymph node metastasis before chemother-
apy and radiation, then randomizing them to standard versus extended lymph node
resection after neoadjuvant therapy. Limiting this analysis to patients who are
preoperatively known to have advanced nodal metastasis achieves two ends. One, it
increases the likelihood of local recurrence [49] and therefore decreases the sample
size needed to demonstrate a difference related to extended node dissection, similar
to the discussion of CME for colon cancer. Second, it could help resolve the ethical
dilemma of exposing patients to the high risk of urinary and sexual dysfunction
associated with lateral node dissection; if patients are strongly suspected to have
lateral node metastasis prior to radiation these risks may be more acceptable in light
of an increased risk of poor outcome. Thus, the pertinent question seems to be not
whether radiation or extended lymph node resection is preferable, but if extended
resection can improve upon the outcomes already obtained with preoperative
chemotherapy and radiation in cases of known lateral pelvic or para-aortic lymph
node metastasis, and whether the combination of radiation and extended lymph
node resection would lead to prohibitively severe morbidity.

While extended lymph node resection for colon and rectal cancer seems as if it
would be preferable, current data do not allow conclusions to be drawn about
whether this approach has benefits that would justify any increase in operative time
or complications. A variety of methods may be used to provide additional data in
this area.
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4 Robotic Versus Laparoscopic Resection
for Colorectal Cancer

When reports of laparoscopic colon and rectal resection first appeared, the relative
merits of laparoscopic and open surgery were hotly debated. Many surgeons now
believe that laparoscopic resection is associated with improved postoperative
recovery and similar oncologic outcomes, but even so both open and laparoscopic
surgery continue to have their proponents, and only 10.5 % of elective colon
resections in the United States were performed laparoscopically as recently as 2007
[58]. The appearance of robotic surgery has renewed the debate regarding the
optimal approach to colorectal cancer resections.

Potential benefits of the robotic approach center around the ability to have seven
degrees of freedom in movement, and the increased visibility resulting from a three-
dimensional view and greater magnification (Table 4). Particularly in the pelvis,
where dissection can be quite difficult due to the bony pelvis, patient obesity and a
bulky tumor, these may be significant advantages. Laparoscopic resections in this
area can be difficult due to the fulcrum effect of the laparoscopic instruments on the
sacral promontory. The robot also stabilizes physiologic tremor. Robotic surgery
has thus been hypothesized to result in a better surgical specimen, with some
evidence to support this [59].

Potential drawbacks of the robotic approach include operative time and cost. The
majority of studies have found that robotic surgery is associated with increased
operative times, which can range from a difference of 42–64 min for a low anterior
or abdominoperineal resection [60–67]. Only a few studies have shown operative
times to be similar, [68–71] and one showed a decreased operative time for robotic
compared to laparoscopic low anterior resections [72]. Increased operative time
exposes patients to increased risk of certain complications, in particular venous
thromboembolism [73]. In addition, there are some technical drawbacks of the
robot. Colorectal resections often encompass dissection over a large area of the
abdomen, such as from the splenic flexure to the pelvis, which can result in the need
to re-dock the robot several times to perform the dissection robotically. More

Table 4 Potential
advantages of robotic
colorectal surgery as
compared to laparoscopic
surgery

Potential advantages of robotic surgery

Increased degrees of freedom and “wristed” movements

Improved visualization due to magnification and steady
camera

Stabilization of physiologic tremor

Absence of fulcrum effect during mesorectal dissection

Potential advantages of laparoscopic surgery

Decreased operative time

Decreased expense

Greater familiarity with technique among surgeons

Haptic feedback
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instruments may be needed than there are available robotic arms, leading some
surgeons to use a laparoscopic port and an assistant during the robotic dissection.
Because of these factors, surgeons often approach a portion of the operation lap-
aroscopically or through an open incision, and there is great variation in how
individual steps of the operation are completed (Table 5).

Four studies have addressed the cost of the robot in comparison to laparoscopy,
and all have found the robotic approach to be more expensive. Delaney et al. [60]
found that equipment cost was $350 greater in robotic resections (in 2003 dollars)
and did not account for the costs of maintenance or depreciation; robot maintenance
can be approximately $100,000 per year. DeSouza et al. [61] compared 40 robotic
and 135 laparoscopic right colectomies and found total cost was $15,192.00 for
robotic cases versus $12,361.50 for laparoscopic cases. Similarly, a randomized
controlled trial of right colectomies by Park et al. [65] found the cost to be higher
with robotic resections versus laparoscopy ($12,235 vs. $10,320). Tyler et al. [73]
reviewed the Nationwide Inpatient Sample and found robotic colon resections cost
an average of $3,424 more than laparoscopic resections.

Perioperative results are similar in laparoscopic and robotic cases. Most studies
have found no difference in intraoperative complications, [62, 66, 73] estimated
blood loss, [60, 61, 65, 66, 68, 70, 72] postoperative complications, [61, 62, 64–66,
68–70, 72–74] anastomotic leak rate, [64, 72] conversion rate, [61, 62, 64–66, 69]
readmission [66, 68] and length of stay [60–62, 65, 68, 70, 73, 74]. However, a few
studies have found differences in these outcomes, including decreased conversion
rates with the robot, [68, 74] decreased blood loss in robotic cases [62] and
decreased length of stay for robotic compared to laparoscopic but not hand-assisted
laparoscopic cases [66].

Oncologic results have generally been found to be equivalent between the lap-
aroscopic and robotic approaches (Table 6). Both approaches result in a similar
number of lymph nodes resected, rates of positive margins and survival data.
Although the robotic approach has been promoted as ensuring a more complete
mesocolic excision, there is little data to support this claim nor any impact of a more
complete excision on survival or local recurrence.

Obtaining high-quality data in this area has been difficult. Many of the currently
published studies are case series or case-matched studies that document the early
experience with robotic colorectal resections and therefore may not be represen-
tative of current results. Few have long-term follow up to assess oncologic out-
comes, and most of these do not go beyond two- to three-year follow up. Therefore,
even in the absence of a more rigorous study such as a randomized controlled trial,
more current case-matched studies with longer follow up could provide valuable
information on the results of robotic colon and rectal surgery now that some of the
initial learning curve has passed. Prior to embarking on additional prospective
studies, a few considerations should be taken into account. First, any potential study
should split resections that include a rectal dissection from those that do not, as
rectal dissection is where the majority of the potential benefit from the robotic
approach appears to lie. It would also be useful if a consensus approach to dis-
section, resection and anastomosis on the left side could be developed, given the
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variation in technique detailed in Table 5. Even if a study were to examine robotic
versus laparoscopic left-sided resections, it would be difficult to generalize the data
to robotic resections performed by other surgeons, given the variations in technique.
A difference in the number of re-dockings required, the technique of anastomosis,
or the use of laparoscopy for a portion of the procedure can greatly affect the
operative times, cost and complications associated with robotic surgery. Of course,
a randomized controlled trial would provide even more reliable information on the
outcomes of these two approaches. There is currently a randomized controlled trial
entitled “Robotic versus Laparoscopic Resection for Rectal Cancer” (ROLARR)
which will attempt to answer these questions for rectal cancer [75]. This study will
include quality of life and cost data to allow a cost-effectiveness analysis to be
performed. Cost-effectiveness analysis lends itself particularly well toward com-
paring robotic and laparoscopic colorectal resections for cancer. Since most studies
have found similar outcomes, the question becomes whether the difference in cost
between laparoscopic and robotic resections is justified by an improvement in
quality of life.

Robotic and laparoscopic surgery in colorectal resections thus have much more
similar results than a similar comparison between laparoscopic and open resection,
but a much greater difference in cost and operative times. Areas of future research
should therefore focus on quality of life and cost in addition to surgical and on-
cologic outcomes to provide information on whether robotic surgery is the preferred
approach in colon and rectal cancer.

5 Conclusion

Surgical treatment in colon and rectal cancer has become more standardized, but
there remain a number of areas of controversy, ranging from surgical treatment of
HNPCC to the role of robotic surgery, where the appropriate choices are not clear.
Further study in these areas can be accomplished by a variety of approaches, with
certain methods being more likely than others to provide a solid evidence base for
future surgical practice.
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Research Gaps in Pancreatic Cancer
Research and Comparative
Effectiveness Research Methodologies

Haejin In and Mitchell C. Posner

Abstract

Despite advances in cancer care, pancreatic adenocarcinoma remains one of the
most lethal tumors. Most patients with pancreatic cancer are diagnosed with late
stage disease, and approximately 6 % of patients are alive 5 years after diagnosis.
Of the 10–20 % of patients who are candidates for resection and multi-modality
therapy, most will succumb to the disease with 5-year survival rates only
reaching approximately 25 % (Lim et al. in Annals of surgery 237(1):74–85,
2003 [1]; Trede et al. in Annals of surgery 211(4):447–458, 1990 [2]; Crist et al.
in Annals of surgery 206(3):358–365, 1987 [3]). Clearly, there is a need to
improve the management of this disease. To identify gaps in research and
formulate strategies to address these issues, we designed a framework to
encompass the scope of research for pancreatic cancer. In this chapter, we will
examine each topic heading within this framework for gaps in knowledge and
present research strategies focusing on diverse comparative effectiveness
research (CER) methodologies to address the identified gaps.
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1 Pancreas Cancer Research Framework

The management of a patient with pancreatic cancer involves two interrelated, yet
separate components of care. The first component is care directly related to cancer
such as surgery, chemotherapy and radiation. The second component is care of a
patient whose tumor specifically resides in the pancreas, such as the surgical tech-
nique for pancreas resection and patient selection for pancreatic surgery. Research of
pancreatic cancer parallels these aspects of care, and utilizes various research
methodologies that allow these research topics to be explored (Fig. 1). Pancreas
research methodologies will be discussed in the context of addressing research gaps.

1.1 Cancer Directed Care

Cancer directed care concerns issues of cancer detection, tumor factors, tumor
targeted treatments, and subsequent cancer care.

Cancer detection involves topics such as screening, accurate diagnosis of pan-
creatic disease, and confirmation of malignancy. Research in this area includes
identification of appropriate groups for screening, improvement of screening
modalities, and development of innovative methods to detect malignancy in certain
pancreatic lesions, such as small pancreatic lesions (<1 cm) or pancreatic cystic
disease.

Tumor factors relate to the topics of tumor behavior and the interaction between the
tumor and treatments. Research in this field includes defining tumor characteristics
that have prognostic and predictive value. Identification of novel diagnostic bio-
markers might improve our ability to predict outcomes and improve our ability to
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balance the harms and benefit of treatments. Discovery of markers that predict out-
come response to certain agents will increase the efficiency of treatment delivery.

Research pertaining to tumor-directed therapy involves identification of targeted
agents, their application such as the sequence of administration (neoadjuvant vs.
adjuvant therapy), the optimal combination of treatments and the role and extent of
surgery.

Subsequent cancer care relates to issues involving cancer surveillance and pal-
liative care. Research within these topics involves developing methods to improve
longitudinal tracking of patients, defining the optimal method and timing of cancer
surveillance, developing treatments for late stage cancer symptoms, and improving
measurement of relevant outcomes in the palliative setting [survival vs. quality of
life (QOL)].

Of these topics in cancer directed care, six high priority research gaps have been
identified and will be discussed in this chapter. The topics are as follows;

1. Optimal chemotherapy regimens
2. Value of radiotherapy
3. Role of pre- versus peri- versus post-operative therapy
4. Value of vascular and multi-visceral resection
5. Resectable versus borderline resectable versus locally advanced unresectable

tumors
6. Management of intraductal papillary mucinous neoplasm (IPMN)

CANCER DIRECTED CARE

Cancer detection

Cancer screening

Detection and diagnostic modalities

Tumor factors 

Tumor characterization

Tumor and treatment interactions 

Tumor targeted treatments

Operative techniques

Anti-tumor agents

Radiation 

Treatment sequence 

New delivery methods

Coordination of care

Subsequent cancer care

longitudinal monitoring

Cancer surveillance

Palliative care

PANCREAS DIRECTED CARE

Patient factors

Patient selection

Patient optimization

Surgical technique  

Operative techniques

Perioperative care

Hospital factors 

Hospital type (characteristic)

Structure

Culture 

Volume 

Surgeon factors 

Technical quality

Management quality

Surgeon volume

Surgeon Training

Experience

Methodological
Study design
Interventional studies 
(randomized controlled trials)
Observational studies (cohort 
study, case-control study)
Secondary data analysis (meta-
analysis, predictive 
modeling, decision analysis)
Outcomes of interest
Mortality, morbidity
Patient reported outcomes 
Quality measures
Cost
Delivery of care
Access to care
Cost of care/affordability
Health literacy
Compliance
Infrastructure
Standardization of terminology
Data compatibility

Fig. 1 Pancreas cancer research framework
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1.2 Pancreas Directed Care

Pancreas directed care involves issues regarding patient, surgeon and hospital
factors and the surgical management of the pancreas.

Patient factors in pancreas care involve issues around patient selection and
patient optimization. Research in this area involves identifying patient character-
istics such as co-morbidities or frailty that predict outcomes and identifying
interventions that lead to improved outcomes for patients after surgery.

Surgeon factors relates to issues involving adherence to established surgical
standards, procedural volume, surgeon training, and experience. Similarly, hospital
factors include hospital type, structural characteristics, culture and volume.
Research in these areas involves determining how these factors relate to patient
outcomes and how to improve the quality of care delivered to patients.

Surgical management of the pancreas includes issues such as operative technique
and perioperative care. Research regarding operative techniques includes evaluation
of new or emerging technology, technical challenges such as anatomic variations or
involvement of vital structures, development of techniques to reduce surgical
complications, and timing of surgery in the setting of other pancreas pathology
(such as acute pancreatitis). Research pertaining to perioperative care includes
issues such as pre-operative patient management, coordination of the surgical team,
immediate post-operative care plan, and rapid surgical recovery strategies.

Of these topics in pancreas directed care, Three high priority research gaps have
been identified and will be discussed in this chapter. The topics are as follows;

1. Anastomotic technique and prevention of pancreatic fistula
2. Use of peritoneal drains, octreotide, and prokinetic agents following

pancreaticoduodenectomy
3. Minimally invasive surgery versus open surgery

2 Research Gaps in Cancer Directed Care

2.1 Optimal Chemotherapy Regimens

Trials have demonstrated modest improvements in survival with the administration
of adjuvant therapy, mostly consisting of 5-fluorouracil (5-FU) or gemcitabine, with
or without radiation (Table 1). While the benefit of adjuvant therapy compared to
surgery alone has been clearly demonstrated, the optimal regimen remains in
question. Additionally, while new therapeutic agents such as FOLFIRINOX (leu-
covorin, 5-FU, irinotecan and oxaliplatin) and gemcitabine with nab-paclitaxel have
proved effective in the metastatic setting [4, 5], their effectiveness in the adjuvant
setting has, as of yet, not been determined.

Randomized controlled trials (RCT) compare outcomes of participants randomly
assigned to a new treatment group to those of participants assigned to a placebo or

168 H. In and M.C. Posner



control group. They are regarded as the gold standard for evaluating new treatments
and gaining regulatory approval due to their characteristic ability to address
selection bias. However, modern oncology drug development faces increasing
challenges. The average cost of bringing a drug to market is estimated to be
$800 million [6]. Because adjuvant trials require the enrollment of a large number
of patients and long-term follow-up, the actual therapies they assess may take
10–20 years to gain marketing approval [6]. Yet despite these astronomical time
and monetary expenses, a report of the 2003–2010 phase III oncology drug trials
found that more than 66 % of oncology drug trials fail to reach statistical signifi-
cance in their primary end point [7]. This leads to an ever increasing backlog of
potential anti-cancer drugs with promising results from early phase trials that have
been untested.

In traditional clinical trials, initial parameters of study design such as sample size
are pre-specified. This often leads to underpowered or overpowered studies due to
inaccurate estimates of parameters. Re-thinking trial designs to include the CER-
focused concepts may provide a method to enhance the operational efficiency,
analytic efficiency and generalizability of RCTs. One such trial design is an
adaptive clinical trial.

An adaptive clinical trial [8] accumulates evidence during an ongoing trial and
actively reviews design elements and parameters to increase operational efficiency
as well as the probability that trial participants actually benefit from participation.
Examples of such “adaptions” include changing interventions or intervention doses,
altering the rate of patient recruitment, or adjusting the probability of being ran-
domly assigned to the different arms based on patient covariate information.
Adaptive clinical trials allow new interventions to be added and less effective ones
to be dropped without restarting the entire trial. In turn, this facilitates the com-
parison of therapeutic alternatives most relevant to current clinical practice and
improves the timeliness and clinical relevance of clinical trials.

Table 1 Summary of trials examining the benefit of adding adjuvant therapy

Year N Randomization arms Overall survival
(months)

p-value

ESPAC-1 [11] 2004 289 Chemotherapy 20.6 0.009

No chemotherapy 15.5

Kosuge et al. [12] 2006 88 5-FU + cisplatin 15.8 0.904

Surgery alone 12.5

CONKO-001 [13] 2007 368 Gemcitabine 22.1 0.06

Surgery alone 20.2

EORTC 40891 [14] 2007 218 5-FU + XRT (40 Gy) 15.6 0.165

Surgery alone 12.0

RTOG 9704 [15] 2011 451 Gemcitabine + 5FU/XRT
(50.4 Gy)

20.5 0.08

5-FU + 5FU/XRT (50.4 Gy) 17.1
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Adaptive clinical trials can be used for the rapid testing and development of new
treatments for pancreatic cancer. Trials in pancreatic cancer often suffer from
insufficient participation due to the limited number of patients with the disease.
Aside from the tremendous costs required to conduct these trials, the scarcity of
patients available for enrollment make it extremely difficult to employ a traditional
clinical trial to compare all new anti-cancer drugs being developed at any given
time as well as different dosing regimens, drug combinations, sequences of treat-
ment and differential drug effects based on tumor profiles. An adaptive clinical trial
design in pancreatic cancer could be protocoled to rapidly test new drugs combi-
nations, doses and sequences. To expedite the fast turn-around for drug compari-
sons, an intermediary outcome that is predictive of clinical outcomes should be
chosen as the end-point of the trial. In breast cancer, for example, since measuring
overall survival after neoadjuvant takes a very long time, a more short-term marker
such as clinical response (CR) was used in the I-SPY II trial [9, 10]. Similarly, in a
highly aggressive tumor like pancreatic cancer, outcomes such as cancer recurrence
or disease free survival (DFS) could be used due to the short amount of time needed
to achieve these end-points. New drugs could be graduated if there were a high
Bayesian predictive probability of achieving improved outcomes over the com-
parison group and dropped if a low probability of achieving improved outcomes
was demonstrated. The graduated regimens would need to be re-tested and com-
pared with other graduated drugs until the best drug is identified.

2.2 The Value of Radiotherapy

Patterns of recurrence in pancreatic cancer include both locoregional failure and
systemic metastasis, with locoregional failure occurring in 50–60 % of cases [16,
17]. Even in cases where patients received adjuvant chemotherapy after surgery,
locoregional recurrence rates remain as high as 30–60 % [11, 18]. The addition of
adjuvant chemoradiation has been reported to decrease local recurrence rates to 20–
40 % [19, 20]. However, there have been limited number of randomized clinical
trials (Table 2) and the added benefit of combining radiation with chemotherapy in
the adjuvant setting has yet to be determined. Of the trials that included radiation
therapy, only ESPAC-1 [11] directly compared the addition of radiation to

Table 2 Summary of adjuvant trials examining the benefit of adding radiation

Year N Randomization arms Overall survival
(months)

p-value

GITSG [20, 26] 1985 43 5-FU + XRT (40 Gy) 20.0 0.03

Surgery alone 10.9

ESPAC-1 [11] 2004 541 Chemoradiation 15.9 0.05

No chemoradiation 17.9

EORTC 40891 [14] 2007 218 5-FU + XRT (40 Gy) 15.6 0.165

Surgery alone 12.0
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chemotherapy. ESPAC-1 used a 2 × 2 factorial designed to examine the benefit of
chemotherapy over no chemotherapy and chemoradiotherapy over no chemora-
diotherapy. The trial found that the clinical outcomes of patients who received
chemoradiation were worse than those who did not. However, this trial has been
criticized for the large number of patients who did not receive the intended therapy,
its lack of standardized pathology review, and its high local recurrence rate [21, 22].
The debate about whether radiation should be included in the adjuvant setting is
thus ongoing. A recently completed phase II trial, the EORTC 40013, investigated
the role of chemoradiation over gemcitabine alone in the adjuvant setting [14].
While not designed to show difference, this study suggested that chemoradiation
might improve outcomes over chemotherapy alone. To address this question, the
ROTC 0848 was opened to accrural in November of 2009. This phase III trial aims
to examine the role of both Erlotinib and chemoraditation as adjuvant treatment for
patients with resected head of pancreas adenocarcinoma [23]. To meet its target
accrual of 950 patients, this study involves 350 study locations, and is anticipated to
close in year 2020.

While the final results of these trials will shed some light on this question, RCTs
are extremely costly and time consuming, and results often needs be confirmed
through multiple sources before being accepted into practice. Adaptive clinical
trials, as explained above, could also be used to provide evidence to address this
question in an efficient and effective manner. Another method would be to perform
an analysis of data collected either for this purpose in mind, or for other purposes,
such as cancer registry data. Cancer registries collect information on patient
demographics, cancer stage, tumor characteristics and outcomes [24, 25]. Some
cancer registries such as Surveillance, Epidemiology and End Results Program
(SEER) and National Cancer Data Base (NCDB) also collect information on first
course of treatment that could potentially be used to compare treatment effects. This
data can be used to compare patients who did and did not have radiation as a part of
their first course of treatment. While these cancer registries collect information
about whether patients did not or did not received specific categories of treatment,
such as chemotherapy, radiation therapy or hormonal therapy, they typically lack
details about the precise chemotherapeutic regimens that were used. To supplement
these shortcomings, the NCDB has a mechanism to request further information
from hospitals at an ad hoc basis (http://www.facs.org/cancer/publicncdb.html). All
Commission on Cancer (CoC)-approved cancer programs are mandated to partic-
ipate in these special studies. This ad hoc data could be used to collect detailed
information on factors that could influence outcomes, such as type of chemotherapy
used, surgical details (drains, pylorus saving, duct to mucosa, ductal stenting, post-
operative octerotide use), and perioperative outcomes (surgical complications).
Such data could be used in conjunction with existing data regarding patient and
tumor characteristics and radiation treatment details. Data analysis, such as cohort
studies, case-control studies and regression analysis, could be applied to this data to
determine differences in outcomes while controlling for all known biases.
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2.3 Pre- Versus Peri- Versus Post-operative Therapy

The ideal timing of additional therapy in relation to surgery continues to be debated.
For borderline resectable pancreatic disease, there has been recent convergence of
expert opinions towards a recommendation for neoadjuvant therapy. The Americas
Hepato-Pancreato-Biliary Association (AHPBA)/Society of Surgical Oncology
(SSO)/Society for Surgery of the Alimentary Tract (SSAT) Consensus Statement
for combined modality treatment of pancreatic cancer [27] states “patients with
borderline resectable pancreas cancer should be treated with neoadjuvant therapy,
ideally in the context of a clinical trial.” For resectable pancreatic cancer no sci-
entific evidence exists to determine the optimal sequencing of surgery in relation to
the administration of systemic and/or radiation therapy.

The advantages of neoadjuvant therapy include early treatment of micrometa-
static disease, and providing added time in which to identify patients with
aggressive disease biology that will not benefit from surgery. Additionally, neo-
adjuvant therapy is a logical strategy to mitigate high rates of positive margins,
while assuring that the patient will receive chemotherapy without the potential for
post-operative delay or non-administration. Surgery following neoadjuvant therapy
also provides tissue that can be compared with pre-treatment biopsy specimens,
providing a valuable opportunity to study the direct tissue and molecular effects of
therapy.

Unfortunately, it is difficult to examine the effects of neoadjuvant therapy using
large databases. Except for some clinical trial databases or institutional databases,
information regarding specific chemotherapeutic regimens is rarely collected even
within cancer registry databases such as NCDB and SEER. Many patients receive
chemotherapy in a facility that is different from the original treating hospital,
making it difficult to obtain treatment data. Furthermore, there are often changes to
treatment regimens during the course of treatment and inconsistent documentation
by physicians administering chemotherapy.

On the other hand, information about radiation is often contained in large dat-
abases such as the NCDB and SEER. In the NCDB, start and end date of radiation,
radiation treatment target (anatomic location, e.g. breast), radiation treatment
modality (e.g. external beam, photons, etc.), regional dose (e.g. 50 Gy), boost
treatment modality, and dosing information are collected and available to
researchers for analysis.

While retrospective data analysis can provide supportive data, the benefit of
neoadjuvant therapy for resectable pancreatic cancer will likely be best answered by
well-conducted clinical trials. Fortunately, interest in the role of neoadjuvant
therapies for pancreatic cancer has recently been growing. A query of Clinical-
Trials.gov produced 43 trials examining the role of surgery plus some form of
additional therapy for resectable and borderline resectable pancreatic cancers. Of
these, 30 trials specifically examined the role of neoadjuvant therapy for resectable
pancreatic cancer (Table 3). We anticipate that the maturation of these trials will
provide further guidance in approaching these patients.
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2.4 Value of Vascular and Multi-Visceral Resection

The pancreas resides in close anatomic quarters with many vital structures. As a
result, pancreatic tumors often involve structures other than the pancreas, such as
major vessels and adjacent organs, which are traditionally regarded to signal
aggressive tumor biology compromising the benefit of resection. However, some
surgeons have challenged this paradigm, suggesting instead that involvement of
these vital structures reflects the tumor’s precarious location rather than its
aggressiveness.

Superior mesenteric vein (SMV) and portal vein (PV) resection and recon-
struction during pancreaticoduodenectomy (PD) are generally considered to be
reasonable surgical options for pancreatic cancers abutting or invading the SMV or
PV. However, outcomes of these complex procedures remain controversial. Ra-
macciato et al. [28] and Chua and Saxena [29] found low operative mortality rates,
ranging from 0 to 7 %, and 5-year survival rates around 12 %, suggesting that
SMV-PV resection was a safe and feasible option that provided survival benefits
similar to that of PD without venous involvement. Conversely, Worni et al. [30]
using the National Inpatient Sample database found higher rates of intraoperative
(OR 1.94, p = 0.001) and postoperative (OR 1.36, p = 0.008) complications than
patients who underwent pancreatic resection alone. Likewise, Castleberry et al. [31]
using the National Surgical Quality Improvement Program (NSQIP) database found
that vascular reconstruction was associated with a doubling of post-operative
mortality (5.7 % vs. 2.9 %, OR 2.1, p = 0.008) and increased morbidity (39.9 % vs.
33.3 %, OR 1.36, p = 0.02).

Arterial resections and multi-visceral resections for pancreatic cancers are sim-
ilarly contentious surgical issues. Current guidelines define arterial involvement of
the superior mesenteric artery, common hepatic artery and celiac artery as criteria of
unresectability [32]. Yet as surgical resection remains the most effective therapeutic
intervention for pancreatic cancer, the value of more radical resections continues to
be debated. A systemic review and meta-analysis by Mollberg et al. [33] found
simultaneous arterial resections to have higher perioperative mortality and lower 1-
year survival than non-arterial resections, but more favorable survival compared to
patients who did not undergo resection at all. Two recent studies of multi-visceral
resection (MVR) revealed that patients undergoing MVR had a higher incidence of
surgical morbidity but similar mortality and long-term survival compared to
patients undergoing standard PD, and improved long-term outcomes compared to
patients receiving palliative bypass (16 months vs. 6 months, p < 0.0001).

While the questions about the roles of PV and SMV, arterial and multi-visceral
resections for pancreatic cancer may form three separate debates, all share a fun-
damental underlying question: Is involvement of these structures a sign of the
tumor’s biological aggressiveness or is it simply a bystander result of the tumor’s
close proximity to these structures?

Attempting to answer to this question is difficult because two different related
issues need to be examined concurrently. First, we must address whether a tumor’s
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involvement of vascular or visceral structures has an effect on long-term prognosis.
Second, we must understand whether the addition of vascular or visceral resection
leads to worse outcomes (Table 4). Because retrospective analyses have typically
compared patients with vascular involvement who have undergone radical surgery
(A) to patients without vascular involvement who did not undergo radical surgery
(D), the validity of the comparison is questionable. Ideally, we would be able to
examine the outcomes between patients with or without vessel or visceral
involvement among patients who underwent extensive surgery (A vs. B), or among
those who did not undergo extensive surgery (C vs. D). However, performing
extended surgery on a patient without vascular involvement (B) or not doing sur-
gery on a patient who has vascular involvement (C) would not be deemed ethical in
a clinical trial setting and therefore cannot be compared in this way.

One strategy to realistically and effectively determine the benefit of extended
resection would be to create a registry that would allow the collection of robust
clinical data to control for all variables potentially confounding the outcomes.
Specific tumor characteristics such as the tumor’s location within the pancreas, its
relationship to surrounding anatomy, and details about the extent to which partic-
ular vessels are involved would be collected. Additional variables including tumor
size and number, location of positive lymph nodes, patient factors such as
comorbidities, frailty, socioeconomic status and age, surgical factors such as
operative technique, use of drains, and extent of lymph node dissection, operative
factors such as time and estimated blood loss (EBL), and operative outcomes such
as complications and length of stay would need to be collected according to pre-
determined definitions. Data should not only be collected on patients with vessel or
visceral involvement, but also on those without vessel or visceral involvement who
did or did not undergo surgery, so that resulting models can accurately estimate the
effect of vessel or visceral involvement while controlling for confounding variables.

However, precise classification of vessel involvement can be challenging. It
typically includes an assessment of the location of the tumor, the length of the
involved segment of the vessel, and the circumference of the involved segment
vessel. To perform large-scale comparative effectiveness research for pancreatic
cancer involving major vessels, we need a standardized method that can be uni-
versally used to objectively describe and categorize the tumor and its relation to
vital structures.

One approach could be to utilize computerized analysis of medical images [34].
Computerized analysis has the potential to define and categorize imaging studies for

Table 4 2 × 2 matrix breakdown of the issues involved in determining if vessel or visceral
involvement leads to worst outcomes

Vessel or visceral
involvement

No vessel or visceral
involvement

Surgery of the vessel or
visceral

(A) (B)

No surgery of the vessel or
visceral

(C) (D)
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pancreatic cancer and develop computer-based algorithms to classify the subtypes
of pancreatic cancers. Currently, there is ongoing research investigating the use of
automated quantitative analysis of digitalized radiologic images. In oncology,
computer-aided diagnosis (CAD) [35] has been investigated for breast, lung and
colon cancers. For breast cancer, the use of CAD has been found to increased
detection rates and is now used as a part of routine screening in many hospitals.
Enabling the technology to accurately distinguish between the pancreatic cancer
and normal tissue, developing algorithms to categorize each subtype, and incor-
porating this technology into main stream imaging systems would make it possible
to establish an objective method of classifying subtypes of pancreatic cancer. The
development of an objective method to categorize tumors would in turn allow for
pooling of data from multiple sources and accurate investigation of this rare disease.

2.5 Resectable Versus Borderline Resectable Versus Locally
Advanced Unresectable Tumors

Resection is the only chance for long-term survival for patients with pancreatic
cancer, and therefore classifying a patient inoperable has substantial survival and
emotional implications. As such, there has been increasing emphasis on identifying
which tumors are amenable to negative margin resection and increasing the pool of
potentially resectable patients.

The term ‘borderline resectable” was introduced to identify patients that were
not clearly resectable but had a probability of resection with negative margins. In
2008, the AHPBA, SSO, SSAT, MD Anderson Cancer Center (MDACC) and the
Gastrointestinal Symposium Steering Committee [36], convened a consensus
conference to define borderline resectable pancreatic cancer [27]. The criteria for
labeling a tumor “borderline resectable” were, (1) no distant metastasis, (2) venous
involvement of SMA or portal vein which allows safe resection and reconstruction,
(3) gastroduodenal artery (GDA) encasement up to the hepatic artery without
extension into the celiac axis, and (4) tumor abutment of the SMA not to exceed
180° of the vessel wall circumference (Table 4). This definition was then used to set
NCCN guidelines (Table 5).

Even with these detailed consensus guidelines attempting to adequately classify
tumor involvement, ambiguity still exists due to lack of clarity in distinguishing
between resectable tumors from borderline resectable tumors, and borderline
resectable tumors from locally advanced, unresectable tumors. For example, tumor
abutment of the celiac axis lies somewhere between borderline resectable and un-
resectable as it represents neither circumferential tumor involvement nor tumor
extension. Similarly, abutment of the hepatic artery without encasement lies
somewhere between the resectable and borderline resectable definitions. Depending
on subjective interpretations of the provider or the situation in which the termi-
nology is being used, one can choose a narrow definition of borderline resectable
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tumors that only includes patients that definitively meet the established criteria or a
broad definition that includes all patients that are not clearly resectable or clearly
unresectable. Additionally, since pre-operative determination of resectablity relies
on CT imaging, differences in CT imaging techniques based on the timing of
contrast injection, speed and resolution of the CT scanner, and data processing
capabilities can affect diagnostic accuracy.

Our inability to reliably group these patients into these subsets greatly hinders
our ability to compare treatment effects among these groups. To address this
concern, when the Alliance for Clinical Trials in Oncology recently opened a phase
II trial examining the worth of preoperative chemotherapy and radiation therapy
before surgery for borderline pancreatic cancer patients (ClinicalTrials.gov identi-
fier: NCT01821612), the study design incorporated a central review of CT/MRI
scans to confirm that the tumor fits their criteria of borderline resectablility. Sim-
ilarly, computerized analysis of digital images can be used to objectively classify
and group patients into comparable cohorts. For clinical trials, this method could be
used to take the place of central review and to classify patients according to a
particular trial protocol.

As we enter the era of “big data” where every piece of technology, including
EMRs and digitally driven technologies for imaging and physiological monitoring,
produces data that can be captured and stored for future use, we must rethink our
paradigm of using hand-collected structured data for research purposes. As Big
Data methodologies mature, the paradigm for how we classify borderline resect-
ability and its treatments will likely need to evolve. The classification of borderline
resectability will no longer be limited to pre-determined standards, but instead can
use granular unstructured imaging data to create new definitions of resectability and
develop sub-groups that are better able to inform treatment decisions and prognosis.
These new groupings could be applied to large aggregate datasets from multiple

Table 5 AHPBA/SSO/SSAT Consensus statement regarding the definition of resectable,
borderline resectable and unresectable pancreatic adenocarcinoma (adopted from Callery et al.
Ann Surg Oncol 2009)

Resectable Borderline resectable Unresectable

Distant
met

No No Yes

PV-
SMV

No Tumor abutment, with or without
venous deformity.
Limited encasement (short segment
occlusion with suitable vessel for
anastomosis above and below)

Major venous
thrombosis, extending
for several centimeters

SMA No Tumor abutment <180° Circumferential
encasement

Celiac
axis

No No tumor extension Circumferential
encasement

Hepatic
artery

No Encasement of short segment Circumferential
encasement
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institutions and research facilities to perform comparative effectiveness research.
The results of this research could then be used to build an algorithm that could be
directly utilized via clinical EMRs to provide point-of-care recommendations for
treatment decisions such as which patients should get upfront surgery and which
should receive neoadjuvant therapy.

2.6 Management of IPMN

The appropriate management of incidentally discovered asymptomatic pancreatic
cysts is an increasingly encountered dilemma for pancreatic surgeons. Pancreatic
cysts are being identified at an upwards rate of 2.6 % of CT scans [37] and 13.5 %
of MRIs [38] performed for non-pancreas related symptoms. There has also been a
marked shift in pathologic diagnosis of these cysts over time, and in a large series of
851 resected pancreatic cysts from a single institution, mucinous cystic neoplasm
(MCN) and serous cystadenoma (SCA) represented the dominant neoplasm before
1990, whereas IPMN now accounts for 50 % of resected cases [39]. IPMNs have
become a routine challenge for surgeons due to difficulties in accurately distin-
guishing IPMN from other types of pancreatic cystic tumors and in preoperatively
determining if an IPMN is harboring or destined to become a malignancy.

Imaging alone is inadequate to accurately diagnose IPMN. CT alone was found
to accurately identify the type of pancreatic cyst in only 24–61 % of cases [40–42].
In a study by Correa-Gallego et al. [43], 20 % of patients who underwent surgery
for presumed branch duct IPMN (BD-IPMN) actually had main pancreatic duct
involvement or an alternative diagnosis on final pathology. The current radio-
graphic definition of BD-IPMN as a cyst that communicates with the pancreatic
duct may also be flawed, as 9 % of serous cystadenomas and 18 % of mucinous cyst
adenomas were also found to communicate with the main pancreatic duct [44, 45].
The addition of cyst fluid analysis for carcinoembryonic antigen (CEA), amylase
and cytology has markedly improved our ability to distinguish between different
types of cysts. Measurement of cystic fluid CEA levels is able to distinguish
mucinous tumors from serous tumors with a 79 % sensitivity and 84 % specificity
[46]. Cyst amylase levels allow IPMNs to be distinguished from pseudocysts.
However, neither CEA nor amylase is helpful in differentiating between the
mucinous tumors, IPMNs and MCNs, and have no predictive value for determining
malignancy [47].

Accuracy of diagnosis is considered imperative for pancreatic cystic lesions
because of the risk of cancer linked with certain cysts. However, diagnosis alone is
not enough to predict malignancy risk accurately. Currently, we have a limited
understanding of the degree to which factors such as presence of mural nodules,
cyst size, communication with the main pancreatic duct, main pancreatic duct
dilation, and cyst wall thickening actually influence malignant potential. We sim-
ilarly lack a comprehensive understanding of the natural history of the disease,
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making it unclear which tumors already are or will ultimately become malignant
and therefore have an impact on survival.

Consensus guidelines from Sendai, Japan were published to direct the man-
agement of patients with IPMN [48]. Key factors were identified that were asso-
ciated with a high risk of malignancy in order to select which patients should or
should not undergo surgical resection. However, studies looking at the accuracy of
the guidelines have found that while they were able to reliably predict which tumors
contained no malignancy (high negative predictive value), they were poor at pre-
dicting which tumors did harbor a malignancy [very low positive predictive value
(approximately 20 %)], meaning that many patients who undergo surgery for a
presumed malignancy in accordance with the guidelines would often not actually
have one [49, 50]. The strict use of these guidelines to determine who should
undergo resection may lead to unnecessary surgery with its associated risks of
morbidity and mortality.

Currently existing databases that collect enough information to study this rare
disease, such as administrative data or clinical registries, are not appropriate for this
purpose. IPMN without malignancy has not clearly been established as a pre-
malignant condition, and is currently not collected in cancer registries. IPMN also
does not have a unique diagnosis code and cannot be queried for analysis in an
administrative database. These databases additionally lack details about imaging
findings or pancreas specific information such as tumor location. Single institution
databases specifically designed to answer these questions are unlikely to be able to
amass enough patient information to find significant differences among these
already rare events. Additionally, home-grown datasets generally use definitions
that are neither universally accepted nor standardized, making it difficult for the
information to be applicable in other settings.

A multi-institutional, national pancreas specific registry should be created to
collect clinically rich information that can be used to further our understanding of
IPMN. The registry should collect detailed information on pre-operative imaging
findings, cystic fluid analysis results, tumor specific biomarkers, serologic markers,
intra-operative findings, pathologic results, treatment and follow-up data (recur-
rence and survival). The registry should have the flexibility to allow the collection
of additional variables as new information becomes available, and should also have
a tissue bank that can collect cystic fluid, serum and surgical specimens for future
analysis. Patient specific factors such as comorbidities, socioeconomic status and
frailty should also be recorded to allow for adequate adjustments when doing
calculations of survival. QOL information can be collected to conduct studies on
patient-centered outcomes. Surgical outcomes, such as short-term morbidities,
readmission and death, can be collected to assess new technologies.

This information would allow us to improve our understanding of the natural
history of the pancreatic cystic lesions, identify factors associated with malignancy,
and use regression models to improve our understanding of the impact of these
factors. Moreover, this data will allow for the creation of risk models for a variety of
outcomes of interest. Risk models could then be used to predict the risk of malig-
nancy, recurrence and long-term survival. These risk models can be incorporated
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into decision aids that account for a person’s willingness to take health risks or
patient co-morbidities to conclude whether surgery or surveillance should be rec-
ommended. Newer technology, such as ablative technologies for IPMN, could be
evaluated for safety and efficacy and cost effectiveness analysis can be used to
determine if the incremental benefit of such technologies is worth the cost. Finally a
robust serum/fluid/tissue bank would be a rich resource for high throughput
molecular analysis that would likely fine tune our ability to accurately tailor therapy
to those patents either harboring or destined to develop a malignancy and avoid
surgery in patients without premalignant or malignant pathology.

3 Research Gaps in Pancreas Directed Care

3.1 Anastomotic Technique and Prevention of Fistula

The most significant morbidity associated with pancreatic surgery is pancreatic duct
leak, either from the pancreaticoenteric anastomosis after a pancreatic head resec-
tion or from the pancreatic stump after a distal pancreatectomy. Soft pancreatic
texture and small pancreatic duct diameter are the most significant risk factors for
pancreatic leak, otherwise known as “pancreatic fistula”. Other risk factors include
blood loss, increased operative time and presence of cardiovascular disease [51].

There have been numerous clinical trials focused on comparing surgical tech-
niques in order to minimize pancreatic leaks after the removal of the pancreatic
head. While total pancreatectomy [52] and duct occlusion [53] have been aban-
doned because of their high rate of complications, the superiority of any anasto-
motic technique, such as end-to-side, end-to-end [54], duct-to-mucosa and
invagination [55], pancreaticojejunostomy, pancreaticogastrotomy and pylorus-
preserving pancreaticojejunostomies [56–62] has not been conclusively demon-
strated. Intraoperative or external stenting of the pancreatic duct and the use of a
topical fibrin glue sealant on the anastomosis have also been investigated with
similarly inconclusive results. Results from a Cochrane review of five randomized
control trials with a total of 656 patients undergoing pancreaticduodenectomy
showed that the use of stents overall did not improve outcomes, but external stents
may be beneficial [63].

Investigations into methods of preventing pancreatic fistulas after distal pan-
createctomies, including hand-sewn closure with or without selective duct ligation
[64], transection and closure with stapling device [65], transection with various
energy devices [66–68], reinforcement of the pancreatic stump with fibrin glue seal
[62, 69], seromuscular patches [70, 71], or pancreaticoenteric anastomosis [72, 73]
with prophylactic transpapillary pancreatic stent insertion [74] have been conducted
with similarly inconclusive results.

While there have been numerous clinical trials comparing various surgical
techniques to prevent pancreatic fistulas, these trials have suffered from the flaws
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common to many surgical trials. Surgical trials tend to enroll inadequate patient
numbers, utilize unrealistic power calculations, use study endpoints derived from
poor or non-standardized definitions, or inadequately blind subjects and observers
to the randomization arm [75–77].

A unique aspect of surgical trials is the fact that individual surgeons have
learning curves for any newly adopted technical procedure. It is impossible, then, to
eliminate performance bias using conventional randomized control techniques [77].
An alternative to the conventional RCT that can overcome this issue is the
expertise-based randomized control trial.

This concept was first conceptually described in 1980 by Van der Linden, who
suggested randomizing participants to clinicians committed to performing different
intentions. More recently, Devereaux promoted the use of the expertise-based
randomized controlled trial as a superior alternative to conventional RCTs [78] by
eliminating differential expertise bias. Differential expertise bias occurs when a
disproportionate number of cases are performed by surgeons with expertise in one
procedure over another. The trial results will be biased towards the procedure with
the greater number of experts because “experts” tend to have improved outcomes
over non-experts.

Expertise-based randomized control trial randomizes patients to surgeons with
expertise in one technique or the other technique instead of to the intervention itself.
For example, a patient would be randomized to either a surgeon with expertise in
the duct-to-mucosa technique or a surgeon who is an expert at the invagination
technique. This is in contrast to a conventional RCT, where the patient would be
assigned to one intervention or another, and the surgeon would be expected to
perform the intervention regardless of their operative expertise. Expertise-based
RCT can address many problems that arise from conventional trial design for
surgical interventions.

First, differential expertise bias can be directly addressed. Surgeons will perform
only the procedure in which they have expertise, thus avoiding the problem of
differential expertise. Second, such a design mitigates the unintentional but often
encountered surgeons’ opinions about one procedure over another that may lead to
differential recording of data, repeated measurements, and interpretation of out-
comes [78]. Third, surgeon initiated crossover is reduced due to limited surgeon
expertise of the assigned procedure [79]. Finally, surgeon recruitment into clinical
trials may improve as more surgeons may be willing to participate because they
would only be required to perform techniques already mastered and that they are
comfortable with, thereby also alleviating potential ethical distress associated with
the expectation of performing a less familiar technique [80].

For pancreatic surgery techniques, expertise-based randomized control trial has
the potential to provide an ideal method to compare surgical techniques without
having to face the very steep learning curve that comes with any pancreatic surgery.
Traditional methods to balance the groups such as stratification can be applied to
the study design to address the patients’ desires to be treated in a certain geographic
locations or in certain settings (e.g., university hospital). For example, regions of
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care can be stratified so patients can stay in the same geographic area regardless of
randomization. There is clearly a tremendous need for more well-designed surgical
trials (Fig. 2).

3.2 Drains, Octreotide and Prokinetic Agents Following
Pancreaticoduodenectomy

Perioperative management practices associated with pancreatic resection that can
also influence outcome include the use of intra-abdominal drains and prophylactic
octreotide. The use of octerotide had been advocated to provide prophylaxis against
the formation of pancreatic leaks while the use of drains is promoted as a method to
decrease the complications associated with pancreatic leaks. Perioperative octreo-
tide has been shown to be effective in preventing pancreatic fistula in some trials
[82–85], while in others [86, 87] no difference has been demonstrated. In a
Cochrane review of the role of octreotide for pancreatic surgery [88], Koti et al.
identified 17 trials involving 2,143 patients, and found a lower incidence of post-
operative complications (RR 0.7, 95 % CI 0.62–0.82) including pancreatic fistula
(RR 0,64, 95 % CI 0.53–0.78), but no difference in perioperative mortality (RR
1.04, 95 % CI −2.54–0.46), reoperation rate (RR 1.14, 95 % CI 0.56–2.36) or
hospital stay (MD −1.04 days, 95 % CI −2.54–0.46). However, when RCTs that
examined clinically meaningful fistulas (grade B & C) were assessed, there was no
difference in outcomes between the patients who did get octreotide and those who
did not.

Fig. 2 Expertise-based randomized control trials [78, 81]. Comparisons of (A) conventional
randomized clinical trial (RCT) and (B) expertise-based RCT designs are shown. In the
conventional randomized clinical trial (A), patients are randomized to one of two surgeries
(Surgery A or Surgery B), and surgeons administer Surgery A to some participants and Surgery B
to others regardless of the surgeon’s level of expertise and/or preference. In an alternative RCT
design (B), patients are randomized to surgeons with expertise in Surgery A who are committed to
performing only Surgery A or to surgeons with expertise in Surgery B who are committed to
performing only Surgery B. This alternative design is referred to as an expertise-based RCT [81].
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The use of routine closed peritoneal drains after pancreatic surgery been
investigated by several retrospective studies and two randomized clinical trials.
Conlon et al. [89] examined the routine use of intraoperative drainage in 179
patients with pancreatic resection and found no difference in the number or type of
complications between groups, however saw a trend toward greater intra-abdominal
collections (6 vs. 2) and enterocutaneous fistulas (4 vs. 0) in the drainage
group. More recently, Van Buren et al. [90] published their RCT of 137 PD patients
with and without the use of intraperitoneal drainage. They found that elimination of
intraperitoneal drainage increased the number of complications per patient [1 (0−2)
vs. 2 (1−4), p = 0.029], increased the number of patients who had at least 1 ≥ grade
2 complication [52 % vs. 68 %, p = 0.047] and had a higher average complication
severity [2 (0−2) vs. 2 (1−3), p = 0.027]. Notably, this trial was stopped early due
to the increased mortality from 3 to 12 % observed in the patients undergoing PD
without intraperitoneal drainage.

For both these topics, the lack of robust data results in variability in practice
patterns. A deficiency of studies with large sample sizes or population-based studies
provide fertile ground for the use of CER methodology. Administrative databases
capture billable events and provide a wealth of information including the ability to
longitudinally track patient activities and costs associated with each event. They
also facilitate the examination of indirect influences, such as location of care,
availability of services, time between services, and cost of treatments, as well as of
outcomes such as delivery of treatments, resource utilization, discharge location,
length of stay and readmission. The use of an administrative database such as
Medicare may be ideal to conduct comparative effectiveness research addressing
whether octreotide can prevent pancreatic fistulas. The Medicare database, which
provides billing information for all inpatient procedures for patients eligible for
Medicare coverage, would be able to identify patients who were billed for octre-
otide and patients who were not. Billing information would also be able to provide
information on outcomes such as length of stay and a variety of clinically mean-
ingful events, such as reoperation, percutaneous drainage, and administration of
antibiotics. Databases such as these can be used alone or in conjunction with
databases that provide direct clinical data, such as institutional clinical data or tumor
registries. For cancer patients, the SEER-linked Medicare data would provide
detailed tumor information such as histology and staging, an operative summary,
and information on adjuvant treatment, all of which could then be used to risk-
stratify patients.

3.3 Minimally Invasive Surgery Versus Open Surgery

The safety of pancreatic resections has continued to improve in recent years with
mortality rates of less than 5 % now reported in most series [91] and reflect modern
advancements in surgical technique, better perioperative support, improved patient
selection, and concentration of cases within high-volume centers.
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The utility of minimally invasive approaches such as laparoscopy and robotic-
assisted surgery, continue to be assessed for distal pancreatectomy and pancreati-
coduodenectomy. At present, there are no RCT comparing minimally invasive
approaches to open approaches, and data is only available from case reports,
smaller case series, and a limited number of retrospective multicenter studies. While
no clear conclusions can be drawn from these small observational studies the
attractiveness of minimally invasive pancreatic resections is inescapable. In theory,
patients undergoing minimally invasive pancreatic resection would be expected to
have less scarring, less post-operative pain, fewer wound complications, an earlier
return to normal activity with the potential to better tolerate and complete adjuvant
chemotherapy regimens. Kooby et al. [92] examined records from 212 patients who
underwent DP for pancreatic adenocarcinoma of which 11 % were approached
laparoscopically. In the matched analysis, they found no difference in positive
margin rates, number of nodes examined, number of patients with at least 1 positive
node or overall survival, but did find that the hospital stay was 2 days shorter in the
laparoscopically resected group. Similarly, Venkat et al. [93] found lower blood
loss and reduced length of stay in laparoscopic distal pancreatectomy compared to
open.

Unlike resections for distal pancreas lesions, studies examining the benefit of
minimally invasive techniques for head of pancreas disease have more limited.
Kuroki et al. [94] found no difference in terms of operative time or complications,
but did find that the laparoscopic pancreaticduodenectomy group had less blood
loss than the open surgical group. A meta-analysis by Nigri et al. [95] looked at 8
studies comparing open vs a minimally invasive approach to pancreaticoduoden-
ectomies and found that minimally invasive approaches resulted in lower post-
operative complications rates, less intraoperative blood loss, and shorter hospital
stays, but notably longer operative times. Studies reporting robotic techniques have
recently emerged and systematic literature reviews by Ciroocchi et al. of robotic
distal pancreatectomy [96] and robotic pancreaticoduodenectomy [97] concluded
that there was insufficient evidence to draw firm conclusions.

One method to examine this issue would be to utilize the expertise-based ran-
domized control trial as described above. A trial comparing open versus minimally
invasive approaches would be ideal for this type of design. Patients would be
randomly assigned to have their surgery performed by a surgeon who was an expert
in one technique or the other. This study design would eliminate expertise-bias
created from the steep learning curve that exists for minimally invasive techniques
as well as surgeon and patient biases for one technique over the other. Recruiting
patients to a trial comparing open techniques to minimally invasive techniques
remain extremely challenge for any RCT design due to strong pre-existing surgeon
and patient preferences. Surgeons may have well-established opinions about one
technique over another, making it difficult to maintain equipoise and recruit their
patients for trials. Patients often consider “newer” surgeries to be “better” surgeries
and often opt out of trials, especially if they have sought out a particular physician
specifically for the ability to undergo the newer type of surgery. However, while
newer techniques may provide short term benefits, long-term oncologic outcomes
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often remain unproven. Whatever it be an adaptive, expertise-based or traditional
clinical trial, randomized clinical trials provide the only way to ensure no sys-
tematic differences, both known and unknown, are present between comparator
groups and RCTs remain the gold standard for comparing interventions [98].

However, there are many situations where RCTs are not feasible, either due to
time or monetary reasons. In these situations, a prospectively collected database
utilizing similar principals as the expertise-based randomized control trial design
described above may be an alternative way to compare open to minimally invasive
techniques. The database would collect information from physicians that are an
expert in one or the other technique. Only information from patients that were felt to
be eligible for either surgery would be entered into this database, and patient
enrollment would be designated prior to surgery to minimize selection bias.
Detailed data regarding patient demographics, comorbidities and tumor status
would be collected to verify that both groups were similar. Patients would proceed
to get the surgery that was already being offered to them and would get treated
according to the surgeon’s protocol. Long term outcomes of interest would be
collected. This “expertise-based prospective database design” would eliminate
many of the difficulties of conducting a RCT examining open technique to a
minimally invasive technique. Importantly, there would be no issues with lack of
statistical power due to poor accrual and no issues with differences in level of
expertise due to the steep learning curves involved with learning the minimally
invasive technique. Surgeon participation would be greatly enhanced since there
would be no burden of learning new techniques and surgeons would not be asked to
abandon their operative preferences. Prospectively assigning patients to be entered
into the database before the surgery would minimize most biases and make
“expertise-based prospective database design” a compelling comparative effec-
tiveness study.

4 Conclusion

There are many gaps in our understanding of the most effective way to manage
pancreatic cancer patients. Comparative effectiveness research methodologies offer
a way to address these research gaps by expanding our sources of information and
engaging in innovative research designs. While only one research methodology has
been presented for each of the research gaps in this chapter, these methodologies are
not limited to these indications alone. Most of these methods can also be applied to
other research gaps and readers are encouraged to apply the CER methodologies
presented in this chapter to other meaningful clinical questions to ultimately
improve the quality of patient care.
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Comparative Effectiveness in Hepatic
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Abstract

The benefits of applying comparative effectiveness research (CER) strategies to
the management of cancer are important. As the incidence of cancer increases
both in the United States and worldwide, accurate analysis of which tests and
treatments should be applied in which situations is critical, both in terms of
measurable and meaningful clinical outcomes and health care costs. In the last
20 years alone, multiple controversies have arisen in the diagnosis and treatment
of primary and metastatic tumors of the liver, making the management of liver
malignancies a prime example of CER. Contributing factors to the development
of these controversies include improvements in molecular characterization of
these diseases and technological advances in surgery and radiology. The relative
speed of these advances has outpaced data from clinical trials, in turn making
robust data to inform clinical practice lacking. Indeed, many of the current
treatment recommendations for the management of liver malignancies are based
primarily on retrospective data. We herein review select CER issues concerning
select decision-making topics in the management of liver malignancies.
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1 Hepatocellular Carcinoma (HCC)

Hepatocellular carcinoma (HCC) is the seventh most common cancer in the world
and its incidence is increasing [1, 2]. The presentation of patients with HCC is
broad, both in terms of tumor burden and extent of liver dysfunction. Tumor burden
may range from small and solitary HCC, to multinodular and metastatic disease; the
degree of liver dysfunction can also be extensive with cirrhosis, or be absent
without any evidence of liver function compromise. The management of HCC must
be directed to patients anywhere along this spectrum, and includes systemic che-
motherapy, non-resection local therapies (NRLT), liverl resection (LR), and liver
transplant (LT). Given the broad spectrum of presentation, combined with multiple
emerging treatment modalities, expectedly, there are CER dilemmas.

1.1 Unresectable HCC: The Role of Local Therapies

Unfortunately, many patients with HCC present with disease that is unresectable
secondary either to advanced stage, or with evidence of liver dysfunction that cannot
tolerate resection. For those patients with advanced HCC that is unresectable, less
invasive therapies like NRLT have been incorporated into the management of HCC.
The common examples of NRLTs include percutaneous ethanol injection (PEI),
radiofrequency ablation (RFA), transarterial chemoembolization (TACE), drug-
eluting bead transarterial chemoembilzation (DEB-TACE), and transarterial radio-
embolization (TARE) with yttrium-90 (Y90). Over the past 20 years, each type of
these therapies has been studied and applied to patients with varying levels of disease
burden and liver dysfunction. Recently, the comparative data supporting the use of
these less-invasive therapies in unresectable HCC has grown rapidly.
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Prior to the 1990s, there was no evidence-based algorithm for applying local
therapies in HCC and most guidelines were based on small retrospective reviews [3,
4]. This was especially true for unresectable patients with a low burden of disease, but
who had evidence of significant cirrhosis. In 2003, Lencioni et al. [5] were one of the
first groups to examine the role of NRLT in a prospective randomized study involving
patients with HCC deemed to be not appropriate for LT or LR. In a sample of
102 patients, all patients with cirrhosis and single HCC <5 cm or three HCCs each
<3 cm were randomized to PEI or RFA. At 2 years, the authors noted that patients
treated with RFA had a trend toward improved overall survival and significantly
better recurrence-free survival compared with patients treated with PEI (98 % vs.
88 %, p = 0.138, and 96 % vs. 62 %, RR = 0.17, p = 0.002, respectively). On
multivariate analysis, RFA remained an independent prognostic factor associated
with an improvement in local recurrence-free survival (RR 0.20, p = 0.015). Lin et al.
[6] reported similar trends in a larger prospective trial with longer follow-up in which
the authors noted improvements in both overall survival and recurrence-free survival
with RFA. At 3 years, overall survival was 74 % versus 51 % (p = 0.31), with
recurrence-free survival (43 % vs. 21 %; p = 0.038) also favoring the RFA versus PEI
group. While overall survival was equivocal, the aggregate data seemed to support
RFA over PEI for small HCC in terms of recurrence-free survival.

Some patients will present with HCC that has progressed to a more advanced stage
where ablation cannot be utilized. In this scenario, the HCC typically has reached a
larger size and transitioned to receive the majority of its blood flow from the hepatic
artery [7]. With the HCC being larger in size, treatments like RFA and PEI do not
have the same efficacy as when the lesion is smaller [8, 9]. As such, alternative
NRLTs that utilize the vascular supply of the HCC to deliver therapy have been
incorporated into the management of more advanced HCC. These intra-arterial
therapies include bland embolization, embolization with chemotherapy (TACE), or
embolization with drug-eluting beads with chemotherapy (DEB-TACE).

There are a number of CER issues relating to intra-arterial therapy of HCC,
including but not limited to: (1) what type of chemotherapy (if any) should be given
with TAE, (2) is there a role for DEB, (3) what agent should be used for embo-
lization, (4) how many treatments or sessions should be offered, and (5) which
patients will benefit from this type of therapy. Despite the many questions around
the evolving treatment modalities for advanced HCC, some data do exist to guide
our current understanding for the role of intra-arterial therapies for more advanced
HCC. One early study, performed by the D’Etude [10] evaluated the effect of
TACE on unresectable, larger HCC compared with conservative treatment/best
supportive care. The authors noted that TACE reduced tumor growth (decreased
>50, 16 % vs. 5 %, p = 0.001) and decreased serum AFP (decreased >50, 23 % vs.
8 %, p = 0.001). The effect of TACE on overall survival was not pronounced, with
4-year overall survival of 12 % versus 15 % (p = 0.13). Other studies have explored
the role of TACE in unresectable HCC and similarly failed to demonstrate a dra-
matic improvement in survival with intra-arterial therapy [11–14]. In a separate
study, however, Llovet et al. [15] demonstrated that TACE did indeed lead to a
survival benefit. In this prospective study, patients with advanced HCC (i.e. lesions

Comparative Effectiveness in Hepatic Malignancies 197



not amenable to resection or transplantation) were randomized to TACE, bland
embolization, or conservative therapy/best supportive care. The investigators noted
an overall survival benefit for TACE over bland embolization and conservative
therapy (2-year overall survival: 63 % vs. 50 % vs. 27 %, respectively; p = 0.009).
On multivariate analysis, TACE was the only variable independently associated
with survival (OR 0.45, p = 0.02). The authors attributed this improvement to strict
patient selection, gelfoam as their embolization agent, and doxorubicin as the
chemotherapeutic agent. The trial was stopped early so that patients in this setting
could receive TACE. Based on these data, TACE is now part of the standard
therapeutic armamentarium for patients with advanced HCC [16–18].

1.2 Imaging and Tumor Response After Local Therapies

An area that has evolved dramatically both in terms of technological advancement
and CER has been the adoption of standardized and objective radiological response
criteria after NRLT. Radiologic response to local therapies is critical to the man-
agement of HCC as it may be a surrogate marker for survival [19]. The two earliest
suggested recommendations for standardization of objective response to NRLT
were the World Health Organization (WHO) criteria and the Response Evaluation
Criteria in Solid Tumors (RECIST) guidelines [20, 21]. Both of these guidelines
were based on tumor response being correlated with changes in tumor size.
However, treatment with these types of NRLT of HCC often results in change in
tumor vascularity and viability, but not necessarily changes in tumor size. As such,
the WHO and RECIST criteria have been criticized as being limited and unreliable.
Subsequently, the European Association for the Study of the Liver (EASL) and the
American Association for the Study of Liver Diseases (AASLD) proposed addi-
tional guidelines to assess tumor response following NRLT [22, 23]. These criteria
specifically took into account tumor necrosis by examining the reduction in viable
tumor area using contrast-enhanced radiologic imaging. Viable tumor was defined
as the part of the tumor that took up contrast in the arterial phase, while the role of
overall tumor size was made a secondary consideration in the assessment of the
tumor response [23]. Another proposed set of criteria to assess response include the
modified RECIST (mRECIST) criteria, which bases assessment of overall response
on target lesions characteristics noted on contrast enhanced imaging, non-target
lesions response, and the presence or absence of new lesions. The field of imaging
assessment for tumor response after NRLT will continue to evolve as treatment and
radiological modalities improve and will need to be a topic of future CER.

1.3 Resectable HCC: Non-resection Local Therapies Versus
Resection

Patients with HCC may present with early stage disease/resectable lesion and
optimal liver function with minimal to no comorbidities. For these patients, LR
represents a potential therapeutic option. The long-term outcome with certain
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NRLT, such as ablation that can spare higher risk surgical patients from potential
perioperative complications, is not well-defined and represents a subject of CER
interest [24, 25]. Chen et al. [24] compared LR versus RFA for patients with a
solitary small HCC. In this prospective series, 180 patients were randomized to
RFA or LR. Inclusion criteria for the study were solitary HCC <5 cm in diameter,
no vascular involvement, no evidence of liver dysfunction, and patients had to be
suitable for either LR or RFA. At 4 years, overall survival was equivalent among
patients undergoing RFA or LR at 65.9 % versus 64.0 %, respectively. In terms of
disease-free survival, results were also similar with 4-year recurrence-free survival
being 48.2 % versus 51.6 %, respectively. The authors concluded that RFA and LR
were equally effective in the treatment of solitary and small HCC, with RFA being
associated with decreased morbidity. Huang et al. [25] also prospectively examined
the issue of LR versus RFA, but with expanded guidelines and came to different
conclusions. In this study, patients with 3 lesions <3 cm or one lesion <5 cm were
included. LR had improved survival and decreased recurrence over RFA. The
5-year overall survival was 54.8 % versus 75.7 % for RFA and LR, respectively
(p = 0.001). In terms of disease-free survival, the same trend of better outcomes
with LR over RFA was observed (5-year disease-free survival: 51.3 % vs. 28.7 %,
respectively; p = 0.024). Direct comparisons of the different outcomes in the Chang
and Huang studies is difficult as the studies varied in their inclusion criteria. Of
note, in the Huang study, patients were not blinded to their treatment plan and
7 patients chose LR over RFA. In addition, the tumor size of the HCC was different
between groups and the rate of loss of follow-up between groups was higher in the
LR group (15.6 % vs. 6.1 %, p < 0.05). The comparison of these studies represents
a key component to CER—understanding differences in study design, inclusion/
exclusion criteria, as well as recognizing limitations in analysis. Furthermore,
applying this CER perspective is necessary as more treatment modalities become
available, e.g. the role of microwave versus RFA [26].

1.4 Resection Versus Transplant

Another source of treatment of CER interest is the debate over when to offer LR
versus LT for early HCC. Theoretically, for most patients with HCC, LT represents
the best treatment for survival because it removes both the tumor and underlying
liver disease. There are, however, obstacles preventing LT from being offered to all
patients with HCC including a limited availability of donor organs [27]. Historically
in the 1980s and 1990s, the broad criteria utilized in organ allocation for patients
with HCC led to a variety of outcomes for patients transplanted with HCC. In fact,
the 90-day mortality, tumor recurrence, and long-term survival were not equivalent
among all patients who were transplanted and some results were actually quite poor
[28]. As such, attempts were made to identify the specific subset of patients who
would benefit the most from LT [29]. In the seminal report by Mazzaferro et al. [30]
the authors reported on a subset of patients with specific HCC characteristics
who were proposed as a select patient population who would benefit from LT. This
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so-called “Milan criteria” included patients with one lesion smaller than 5 cm, up to
3 lesions smaller than 3 cm, no extra-hepatic manifestations, and no vascular
invasion [30]. Since the adoption of the Milan criteria, additional guidelines have
been suggested to broaden the inclusion of patients eligible for LT [31, 32]. These
proposed guidelines include increasing the acceptable tumor size for transplanta-
tion. The ideal patient population to benefit from LT is still evolving and only with
persistent CER re-assessment will refinements in the allocation system be possible.

Despite the identification of patient populations who benefit from LT, there are
still limitations of donor organ availability, making application of LT to all patients
with HCC not feasible. In turn, LR is a feasible alternative for some patients.
Improvements in patient selection and perioperative management have made LR
safe and relatively effective. While patients with end-stage liver disease and early
stage tumors are most appropriate for LT, patients with compensated liver disease
and early stage tumors can be appropriate for LT or LR. Choosing LT or LR for
patients with compensated cirrhosis and early stage HCC remains challenging and
often debated. In a retrospective review, Margarit et al. [33] examined the issue of
when to offer LT versus LR for patients with early stage HCC and compensated
cirrhosis. In this study, the authors reviewed patients with a single tumor <5 cm and
Child’s class A liver disease and noted 10-year disease-free survival was worse
after LR versus LT (18 % vs. 56 %, p = 0.001), with mean disease-free survival of
52 months versus 86 months, respectively (p = 0.04). Only 2.7 % in the LT group
had local, hepatic recurrence versus 48.6 % in the LR cohort (p = 0.001). In terms
of overall survival, there were no differences between the two groups (46 % vs.
36 %, LR vs. LT, p = 0.3) (Fig. 1a). Other studies have examined the same topic,
with larger cohorts and intention-to-treat analyses [34–37] (Table 1). For example,
Bellavance et al. [38] reported on 245 patients who underwent hepatic resection and
134 patients who underwent liver transplantation for early stage HCC. All patients
had well-compensated cirrhosis. Compared with transplantation, patients under-
going resection had larger tumors and a higher incidence of microscopic vascular
invasion. Transplantation was associated with better 5-year disease-free and overall
survival compared with resection (Fig. 1b). Hepatitis status, presence of micro-
scopic vascular invasion, and tumor size were predictors for recurrence, while the
presence of microscopic vascular invasion and tumor size conferred an increased
risk of death. The disease-free survival advantage with transplantation was more
pronounced in hepatitis C patients compared with non-hepatitis and hepatitis B
patients. The overall survival advantage with transplantation persisted in cases of
solitary lesions ≤3 cm, but was attenuated in patients with a MELD score ≤8.

Final consensus on the comparative debate between LR and LT for early stage
HCC with compensated liver disease remains lacking. While disease-free survival is
clearly better among patients undergoing LT, the relative overall survival benefit of
LT over LR remains ill defined. While LT has benefits over LR, it remains unclear
whether patients who recur following LR can be salvaged with LT and experience
the same long-term survival [39–41]. Prospective, randomized studies taking into
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Table 1 Summary of studies examining liver resection versus liver transplant for early
hepatocellular cancer

First author
(year)

Treatment
groups

Total
patients

Childs A/B/C
or average
MELD

Mean maximal
tumor size (cm)

5-year disease
free survival
(%)

5-year
overall
survival (%)

Figueras
(2000) [35]

Resection 35 31/4/0 4.8 31 51

Transplant 85 43/35/7 2.8 60 60

Margarit
(2005) [33]

Resection 37 37/0/0 3.2 39 70

Transplant 36 36/0/0 3.0 64 65

Poon
(2007) [34]

Resection 204 195/9/0 <5 42 68

Transplant 43 8/15/20 <5 84 81

Del Gaudio
(2008) [36]

Resection 80 55/14/0 3.1 41 66

Transplant 293 23/139/131 1.3 71 73

Bellavance
(2008) [38]

Resection 245 9.1 NR 40 48a

Transplant 134 11.0 82 79a

Lee (2010)
[111]

Resection 130 113/17/0 4.5 50 52

Transplant 78 35/43/0 3.8 75 68

Koniaris
(2011) [37]

Resection 106 7.3 6.1 45 53

Transplant 257 12.9 3.0 60 62

Adapted from and used with permission [110]
NR not reported
a For solitary lesions, ≤3 cm

Fig. 1 a, b Actuarial patient
survival after liver resection
and liver transplant. Used
with permission [33, 38]
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account tumor size, multifocality, waitlist time and organ availability, and comor-
bidities, with appropriate long-term follow-up are needed to better address the LR
versus LT debate.

2 Colorectal Liver Metastases

In the United States, colorectal metastases to the liver (CRLM) are probably the
most common secondary malignancy involving the liver [42]. Approximately
140,000 Americans are diagnosed with colon cancer annually, with more than half
of these patients eventually developing metastases [43]. Most of these metastases
are found in the liver, and the presentation may vary from disease that is isolated to
the liver and resectable to disease with tumor burden that is extensive and unre-
sectable [44]. Given the heterogeneity of this patient population with metastatic
disease, combined with developments in NRLTs and a paucity of prospective data,
numerous CER issues have arisen in the surgical oncology literature.

2.1 Role of Loco-regional Therapies in Patients
with Unresectable Disease

Unfortunately, most patients with CRLM have unresectable disease [45]. There are
numerous reasons why a patient may be unresectable and not be an appropriate
candidate for LR, including multiple small tumors, vascular involvement of the
tumor, a small future liver remnant (FLR), medical comorbidities, or extra-hepatic
disease. Typically patients with unresectable disease are treated with systemic
therapy, with an associated median survival of 2 years and 5-year survival around
10–15 % [46, 47]. For those patients with liver predominant or liver only disease
that is unresectable, local therapies may have a possible therapeutic role over
systemic therapy. These options include RFA, TARE with Yttrium-90 micro-
spheres, TACE with irinotecan eluting beads (DEBIRI), and hepatic artery infusion
(HAI) pumps [48, 49].

The role for RFA has been examined frequently as one of the more common
alterative or adjunct therapeutic options for patients with unresectable advanced
disease [50–55]. Siperstein et al. [56] examined a retrospective cohort of patients
with unresectable CRLMs that were treated with RFA. A unique strength to this
study was its extensive 10-year follow-up. In the cohort of 234 patients—all of
whom were treated with RFA—the 5-year survival was 18.4 %, which the authors
noted was better than the 5-year survival or 10 % for historical controls treated with
systemic therapy alone [57]. In a separate study, as part of the Intergroup 40,004
trial contrast, Ruers et al. [58] reported their findings for patients with unresectable
CRLM. In this prospective study, the investigators compared systemic FOLFOX-
based chemotherapy combined with RFA versus systemic therapy alone for patients
with advanced CRLM. The authors noted that 30-month overall survival was
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similar: 61.7 % in the combined arm versus 57.6 % in the systemic therapy alone
arm (p = NS). Median overall survival was also similar: 40.5 months in the sys-
temic arm versus 45.3 months in the combined treatment arm (p = NS). While
overall survival was the same in both groups, 3-year progression free survival was
worse in the systemic alone arm (10.6 % vs. 27.6 %, HR = 0.63, p = 0.025).
Therefore, the authors concluded that overall survival for patients with unresectable
disease treated with systemic therapy alone versus ablation plus systemic therapy
was similar, while progression free survival was improved with the use of ablation.

Other local therapies have also shown promise, however the data supporting
their use is not as robust and therefore is a focus on CER. One such therapy is the
HAI pump. First proposed in 1984, the role for HAI has been controversial, and its
efficacy has been compared to systemic therapies in multiple prospective studies
[59–62]. Many of these studies, however, have been criticized due to low sample
size, patient cross-over, and the single-center nature of the trials [63]. In an effort to
address these issues, Kemeny et al. [63] prospectively compared HAI pump therapy
with systemic therapy in a large multi-institutional trial that did not allow cross-
over. The authors reported that overall survival was improved for patients who
received HAI versus systemic chemotherapy (median, 24.4 months vs. 20 months,
p = 0.0034). Additionally, response rates were higher (47 % vs. 24 %, p = 0.012)
and time to hepatic progression was longer (9.8 months vs. 7.3 months, p = 0.034)
with HAI therapy. While these data were promising, other studies have challenged
the survival benefit of HAI. In a meta-analysis of 10 randomized controlled trials
performed comparing HAI with systemic chemotherapy, Mocellin et al. recently
suggested that there is no evidence supporting the use of HAI. In the pooled
analysis, while tumor response rate was expectedly better in the HAI group (42.9 %
vs. 18.4 %, RR 2.3, <0.001), overall survival was not different comparing HAI
versus systemic therapy (15.9 months vs. 12.4 months, HR 0.9, p = 0.24, respec-
tively). While HAI therapy may provide some benefit in the treatment of advanced
colorectal liver metastasis, more CER is needed to determine the role for HAI.

Other newer local therapies such as TACE with irinotecan beads (DEBIRI) and
TARE with Yttrium-90 (Y-90) have posed CER issues in the context of unresec-
table CRLM. There are emerging data for the use of transarterial DEBIRI in the
treatment of unresectable liver metastasis [64–66]. Many studies, however, incor-
porate TACE or TARE only for patients who are refractory to systemic therapies.
Martin et al. [66] reported 55 patients who had received prior systemic chemo-
therapy and who underwent DEBIRI treatment. In this series, response rates were
66 % at 6 months and 75 % at 12 months. TARE with Y-90 has also been
investigated for patients refractory to chemotherapy [67, 68]. Cosimelli et al. [68] in
a prospective multicenter phase II trial, evaluated the effect of TARE on patients
who had failed previous oxaliplatin and ironotecan based chemotherapies. Based on
RECIST criteria, 2 % had a complete response, 22 % a partial response, 24 % had
stable disease, 44 % had progressive disease, and 8 % were non-evaluable. Because
of these promising results, a phase III multicenter clinical trial, Efficacy Evaluation
of TheraSphere following Failed First-Line Chemotherapy in Metastatic Colorectal
Cancer (EPOCH) trial will soon open to elucidate the effect of TARE on not just

Comparative Effectiveness in Hepatic Malignancies 203



response rates, but also overall survival. Final consensus on the optimal manage-
ment of patients with unresectable CRLM is still developing, but progress is being
made with emerging meta-analyses and prospective studies.

2.2 Ablation Versus Liver Resection

For the 10–25 % of patients with resectable CRLM, LR is the standard treatment
approach with 5-year survival following surgery now approaching 60 % [42, 69,
70]. The role of ablation versus surgery among patients with CRLM potentially
amenable to either therapy has been debated. The median overall survival associ-
ated with LR of CRLM reported in the literature ranges from 24 to 59 months
whereas the data on survival following ablation are more limited [52, 71]. Several
studies have sought to compare outcomes for patients who underwent ablation
versus patients who underwent resection for CRLM [72–76]. Abdalla et al. [52]
reported on 358 consecutive patients who underwent hepatic resection with or
without RFA for CRLM. In this cohort, LR provided a significantly better overall 4-
year survival over RFA alone, (65 % vs. 22 %, p < 0.001). Similarly, Hur et al. [77]
noted a 5-year survival advantage for patients who underwent LR versus RFA
(25.1 % for RFA vs. 50.0 % for LR). Based on the available data, it appears that
patients managed with ablation have a worse outcome compared with patients who
underwent hepatic resection (Table 2) [72, 74–76, 78].

The difference in the outcomes may, however, not be solely attributable to the
type of therapy delivered (i.e. LR versus ablation), but also an issue of disparate
underlying tumor biology among each patient population. Specifically, patients who
undergo ablation as treatment for their CRLM often represent a distinct subgroup of
patients with otherwise advanced disease who are not amenable to surgical extir-
pation [79]. In fact, many of the clinicopathologic features such as tumor size and
number are often different in the group of patients receiving LR versus ablation. To
achieve more comparable groups, subgroup analyses of patients undergoing either
LR or ablation for CRLM have been performed, which have commonly been
stratified by tumor number [78]. For example, Aloia et al. [78] examined a cohort of
patients all of whom had only a solitary lesion. In this study, 150 patients treated
with resection were compared with 30 patients treated with RFA. The authors
reported that patients who underwent resection had a significantly better 5-year
survival (resection: 71 % vs. RFA: 27 %; p < 0.001). However, patients managed
with RFA likely had worse tumor biology as indicated by a higher proportion of
patients with concomitant extrahepatic disease. In a separate study, Gleisner et al.
[80] sought to examine how discordant clinicopathologic factors might play a
crucial role in comparing patients who underwent resection versus ablation. Spe-
cifically, Gleisner et al. compared overall survival between patients who underwent
resection with survival of patients who underwent RFA using three distinct sta-
tistical methods. The authors reported that patients managed with resection alone
had an improved long-term overall survival compared with patients treated with
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resection plus ablation. The authors noted, however, that there were many differ-
ences in the clinicopathologic profile of each group. To examine the comparability
of the baseline characteristics of the two treatment groups, Gleisner and colleagues
utilized propensity score methodology. The authors noted that the aggregate dis-
tribution of the clinical and pathologic characteristics of patients undergoing
resection alone versus RFA ± resection were markedly different and therefore direct
comparisons of these groups may not be appropriate. The work of Gleisner and
colleagues serves therefore to highlight the significant shortcomings of using ret-
rospective data to compare outcomes following resection versus ablation in cohorts
of patients who are very different and whose choice of treatment was undoubtedly
based in part based of very different baseline characteristics.

In 2009, as part of an American Society of Clinical Oncology (ASCO) evidence-
based review, Wong et al. [81] attempted to examine all data available at that time
on ablation and LR for CRLM. The authors concluded that the available data were
insufficient to form the basis of an evidence-based recommendation. Specifically,
the authors noted that there was wide variability in 5-year survival (14–55 %) and
local tumor recurrence (3.6–60 %) with ablation compared with LR. In turn, the
investigators commented that the question of ablation versus LR could only be
answered by a prospective, randomized trial. Such a trial, while ideal, would be
challenging for a variety of reasons, most significantly, accrual would be required to

Table 2 Summary of studies comparing RFA with resection for colorectal liver metastases

First author
(Year)

Treatment
groups

Total
patients

Mean
maximal
tumor
size (cm)

Median time
to local
recurrence
(months)

Median
survival
(months)

5-year local
recurrence
free survival

5-year
overall
survival

Oshowo
(2003) [72]

RFA 25 3 NR 37 NR 52.6a

Resection 20 4 NR 41 55.4a

Aloia
(2006) [78]

RFA 30 3.0 18 NR 60 27

Resection 150 3.5 31 NR 92 71

White
(2007) [74]

RFA 22 2.4 NR 31 NR 0

Resection 30 2.7 NR 80 NR 58

Berber
(2008) [75]

RFA 68 3.7 NR 34 NR 30.0

Resection 90 3.8 NR 57 NR 40.0

Lee (2008)
[76]

RFA 37 2.25 NR NR 42.6 48.5

Resection 116 3.29 NR NR 84.6 65.7

Hur (2009)
[77]

RFA 25 2.5 NR NR 69.7 25.5

Resection 42 2.8 NR NR 89.7 50.1

Reuter
(2009)
[113]

RFA 66 3.2 12.2 27.0 NR NR

Resection 126 5.3 31.1 36.4 NR NR

Adapted and used with permission [112]
NR not reported
a At 3 years
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be multi-institutional, and the ablation procedure itself would need to be stan-
dardized [45]. In an attempt to simulate such a trial, Khajanchee et al. [45] used a
Markov and Monte Carlo analysis comparing RFA and LR. The authors reported
that the model estimated 5-year survival among those patients who underwent LR
over RFA alone to be 38.2 % versus 27.2 %, respectively. Five-year disease-free
survival was also superior in the LR group (LR: 29.8 % vs. RFA: 15.5 %). While
there are no prospective data comparing ablation with LR in the resectable popu-
lation, from the limited data available, LR should remain the preferred approach
with ablation being used as an adjunct second line therapy.

2.3 Systemic Therapy, Neoadjuvant Chemotherapy
and the Disappearing Liver Metastasis

While local therapies such as ablation and resection are important treatment options
for patients with CRLM, systemic chemotherapy plays a critical role in the multi-
modal therapy of these patients. Systemic therapy has the potential of treating
micrometastatic disease, evaluating tumor response, and downstaging unresectable
tumors to resectability. The benefits of chemotherapy come with some possible
consequences, including hepatotoxicity such as sinusoidal dilation, steatosis, or
steatohepatitis [47, 57, 82, 83].

In an attempt identify which patients may benefit the most from systemic che-
motherapy, several predictive models have been designed to identify patients at
high risk for recurrence after hepatectomy. Fong et al. [42] were one of the first
groups to propose a clinical risk score for predicting recurrence and survival. This
study identified several prognostic factors for recurrence including: extra-hepatic
disease, node-positive primary tumor, disease free interval from primary to
metastases <12 months, CEA level >200, largest hepatic tumor >5 cm, and number
of hepatic tumors >1. Similarly, Adam et al. [84] also created a prognostic model,
examining initially unresectable CRLM that received chemotherapy and that were
downstaged to resectability. In this study, the investigators identified a rectal pri-
mary, ≥3 CRLMs, maximum CRLM size of ≥10 cm, and CA19-9 >100 as inde-
pendent factors of poor prognosis. Capussotti et al. [85] in 2007 suggested their
own prognostic model. These authors identified patients with T4 primary colon
cancers, metastases with infiltration of neighboring structures, and patients with
more than three metastases as being potential indicators of poor prognosis and, in
turn, may indicate a potential benefit from systemic chemotherapy. Despite these
large retrospective series, there are still no specific consensus guidelines to indicate
which patients with resectable CLRM should receive systemic chemotherapy either
in the adjuvant or neoadjuvant setting [86].

Among the cohort of patients treated with neoadjuvant or preoperative systemic
chemotherapy, there are several CER issues that remain debatable. Most data would
suggest that those patients who have progressive disease on preoperative chemo-
therapy have a very poor prognosis [84]. Whether these patients should
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categorically be refused potential surgery even if the disease is technically still
resectable remains controversial. Among patients who have a response to neoad-
juvant/preoperative chemotherapy, surgery is typically performed with the goal of
resecting all sites of disease. Up to 10–25 % of patients with CRLM who are treated
with preoperative chemotherapy, however, will have a complete response with
radiographic “disappearance” of some or all CRLM lesions in the liver [87, 88].
The so called “disappearing liver metastasis” (DLM) raises a number of CER
issues.

From a radiologic perspective, there is no consensus regarding which imaging
modality (CT, MRI, FDG-PET, or FDG-PET-CT) is most appropriate to determine
whether the DLM is simply “missing” due to low sensitivity of the chosen imaging
modality versus whether it has truly “disappeared.” Most medical oncologists and
surgeons currently use CT in the treatment of patients with CRLM. The widespread
use of dual phase helical CT is based on clinician familiarity and a high degree of
reproducibility with excellent sensitivity and specificity up to 90 % when diag-
nosing CRLM [89, 90]. In the setting of a DLM, when the liver has been exposed to
systemic chemotherapy—often many cycles—the background liver can appear
darker with less contrast between the liver and any hypovascular metastases [91].
PET-CT has been considered as adjunct to CT alone, however PET-CT has limited
sensitivity in its ability to detect lesions <1 cm and chemotherapy decreases
hexokinase activity, thereby inhibiting glucose uptake for CRLM [92, 93].
Recently, there has been increasing data to suggest that MRI should be the imaging
modality of choice in the setting of DLM. MRI, has increased sensitivity compared
with CT, particularly in the setting of chemotherapy induced hepatic parenchymal
changes (Fig. 2) [88]. In a recent meta-analysis, van Kessel et al. [94] compared
various imaging modalities in the detection of CRLM after preoperative chemo-
therapy and found that the sensitivity of MRI was 85.7 % versus 69.9 % for CT,
54.5 % for PET, and 51.7 % for PET-CT. As such, MRI seems to be the imaging
modality of choice for patients treated with preoperative chemotherapy—especially
those with DLM. Future CER to understand better the role of different imaging
modalities in treating patients with CRLM will be needed.

In addition to radiological issues in management of DLM, there is also is also a
lack of consensus about the surgical management of DLM. As with other CER
dilemmas, this primarily stems from the lack of reliable data. van Vledder et al. [87]
attempted to examine the question of how to manage DLM using retrospective data;
the authors noted that patients with untreated DLM had an increased local recur-
rence rate compared with patients who underwent LR of the DLM (p = 0.04).
Despite these findings, the 1-, 3-, and 5-year overall survival was not different for
patients undergoing LR versus those patients who had DLM left in situ (92.3 % vs.
93.8 %, 70.8 % vs. 63.5 %, 46.2 % vs. 63.5 % respectively) (Fig. 3a, b). The CER
issues raised by the management of DLM were recently addressed by Bischof et al.
[88]. In their review of DLM, the authors concluded that among patients who had a
complete radiographic response, only 20–50 % had a durable long-term remission.
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In addition, among patients who had the DLM resected, residual tumor was present
in 25–45 % of patients. Therefore, more CER is need to understand which patients
need surgery for a DLM after receipt of preoperative chemotherapy.

Fig. 2 a Computed tomography (CT) image demonstrating colorectal liver metastases in
segments II and VI (arrows) before systemic chemotherapy. b After 6 cycles of FOLFOX (folinic
acid, 5-fluorouracil, oxaliplatin) therapy, CT showed that the lesion in segment II had
‘disappeared’, whereas the lesion in segment VI was significantly smaller and calcified. cMagnetic
resonance imaging similarly identified the lesion in segment VI, but also demonstrated a residual
7-mm lesion in segment II. Used with permission [88]
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3 Neuroendocrine Liver Metastases

Neuroendocrine tumors (NETs) represent another important topic in the context of
liver surgery and CER. NETs are of particular interest as these tumors are
increasing in incidence and 40–95 % of cases are metastatic at diagnosis [95].
Treatment strategies for NETs once they have metastasized to the liver (NELM) are
similar to those employed for the aforementioned liver tumors, and options include
systemic chemotherapy, various NRLT, and LR. Also similar to other hepatic
tumors, there is an absence of data from rigorous trials [96]. To further exacerbate
the issue of reliable long-term data is the often indolent biologic behavior of these
tumors compared to other liver tumors [97].

3.1 Cytoreductive Therapy—Liver Resection
and Non-surgical Local Therapies

While the standard of care for NELM is LR, the data guiding this recommendation
are surprisingly limited. In 2000, Chamberlain et al. [98] argued in presenting the
results of their surgical series that LR improved survival. In this study, the authors
demonstrated on multivariate analysis that LR prolonged 5-year survival versus
NRLT (bland embolization) and best supportive care (76 % vs. 50 % vs. <25 %,
respectively; p < 0.05). In a separate study, Sarmiento et al. [99] from the Mayo
Clinic reported on an experience with 170 patients who underwent LR for NELM.

Fig. 3 a Kaplan–Meier curve
of overall survival in patients
with untreated DLM when
compared to patients in whom
all original disease sites were
resected. b Kaplan–Meier
curve showing overall
survival in 99 patients with a
complete or partial
radiological response
(RECIST) to preoperative
chemotherapy stratified by the
presence of untreated DLM.
Used with permission [87]
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The authors noted that overall 5- and 10-year survival were 61 and 35 %,
respectively. Similarly, in a large multi-center study, Mayo et al. [100] reported
excellent long-term results following surgery with 5- and 10-year survival of 74 and
51 %, respectively. As such, based on these data, surgical resection of NELM is
widely utilized as it is believed to offer patients improved long-term survival. While
most surgeons agree with an approach to resect patients with a low-disease burden,
the role of surgical debulking of patients with larger disease-burdens is more
controversial. For example, some groups have even suggested that patients with a
high tumor burden may have a survival benefit after palliative debulking, as long as
the majority (>75–80 %) of the liver disease can be removed [99, 101].

Despite the long-term survival associated with LR for NELM, recurrence fol-
lowing surgical management of NELM is almost universal. Specifically, in the
largest retrospective review to date by Mayo et al. [100] the authors reported a 94 %
recurrence at 5 years and 99 % recurrence rate at 10 years. Because of this
remarkably high incidence of recurrence, there has been an increased interest in
NRLT for NELM, including such intra-arterial therapies (IAT) as TACE and
TARE. In a large, multi-institutional respective review, Mayo et al. [102] compared
outcomes among patients with NELM based on treatment by LR versus IAT. Not
surprisingly, the authors noted significant differences in the baseline characteristics
of patients who underwent LR versus IAT, with the IAT group having more hor-
monally active tumors (48 % vs. 28 %, p < 0.001) and a larger hepatic tumor burden
(>25 %: 76 % vs. 52 %, p < 0.001). The selection bias obviously calls into question
any conclusions that can be drawn from retrospective comparisons of these two
treatment modalities and highlights the CER challenges in answering this question.
The authors did attempt to address the issue of selection bias by using propensity
score matching. Propensity scoring provides a means to design and analyze a
nonrandomized, retrospective dataset in an attempt to mimic some of the charac-
teristics of a randomized controlled trial [103]. In the study, quintiles were created
from their entire cohort with similar clinicopathologic characteristics and used in a
matched analysis. With propensity matching, the authors noted that the analytic
cohort comparing LR versus IAT groups now had much similar baseline charac-
teristics. While LR was still associated with an improved survival over IAT, the
difference was less pronounced (Fig. 4a, b). Furthermore, on stratified analyses, it
was noted that symptomatic patients with a small burden of liver disease benefited
the most from surgery. While symptomatic patients with a large burden of liver
disease (>25 % hepatic tumor involvement) had improved median survival with LR
over IAT (87 months vs. 51 months, p < 0.001, respectively), patients who were
asymptomatic did not seemingly benefit from surgery resection (LR, 16.7 months
vs. IAT, 18.5 months, p = 0.78). While propensity matching can assist with the
comparison of groups with disparate baseline characteristics, more effective
methodology and prospective trials will be necessary to answer better the CER
question around which patients benefit from LR versus IAT.
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3.2 Role of Resecting the Small Bowel Primary
in the Unresectable NELM Setting

An additional area of CER contention is the question whether to leave an asymp-
tomatic small bowel (SB) primary NET in place in the setting of unresectable
NELMs. For patients with SB-NET, this scenario is not uncommon, as 15–80 % of

Fig. 4 a Histograms
demonstrating the distribution
of the propensity scores in the
surgical and intra-arterial
therapy (IAT) patient cohorts.
The area of greatest overlap
(quintile 3) corresponds to
group of patients most likely
have undergone either
treatment based on baseline
characteristics. b Overall
survival of propensity-
matched patients in quintile 3
stratified by receipt of surgery
versus IAT. Used with
permission [102]
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these primary tumors develop unresectable NELM [104]. The proposed goals of
primary tumor resection are to provide relief from hormonal and local tumor-related
symptoms (e.g., pain, perforation, bleeding, and obstruction), limit disease solely to
the liver so that it may be treated with IAT, and potentially improve overall sur-
vival. Unfortunately, the data for the role of resection in this scenario is particularly
sparse, and current management is based on personal experience and local practice
patterns [95, 105–108]. Therefore, in an attempt to create evidence-based recom-
mendation for this scenario, both meta-analyses and consensus panels have been
used. Capurso et al. [109] recently performed a meta-analysis and examined the role
of resecting SB-NET in the setting of unresectable NELM. The authors found that
the only studies reported to date were solely retrospective and that the quality and
type of data included in these small cohort studies did not meet the inclusion criteria
for the meta-analysis (Table 3). In particular, Capuso et al. noted that some studies
included patients with other primary tumor sites and the role of resection was also
not appropriately analyzed in each study.

Frilling et al. [96] also attempted to examine the role of primary tumor resection in
a recent European-African Hepato-Pancreato-Biliary (E-AHPBA) consensus con-
ference. Similar to the aforementioned meta-analysis, the authors concluded that
many variables made a consensus statement impossible. The investigators noted that
significant confounding factors included biases to operate on less advanced tumors,
as well as a selection bias to operate on patients with better performance status—
thereby making the actual benefit of the surgery itself impossible to discern. Because
of the paucity of unbiased data, there are only weak evidence to recommend resection
and more rigorous retrospective and prospective CER studies are needed.

Table 3 Summary of studies examining resection or unresected primary midgut carcinoid tumors
in patients with unresectable liver metastases

First author (year) Treatment
groups

Total
patients

Median
progression-free
survival (months)

Median overall
survival (months)

5-year
survival

Givi (2006) [106] Resected 66 54 108 81

Unresected 18 27 50 21

Strosberg (2009) [105] Resected 100 NR 110 NR

Unresected 35 NR 88 NR

Ahmed (2009) [107] Resected 209 NR 119 74

Unresected 76 NR 57 46

Norlen (2012) [108] Resected 493 NR NR 75

Unresected 86 NR NR 28

Adapted and used with permission [109]
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4 Conclusion

Examining current treatment recommendations through the prism of CER is chal-
lenging and humbling, as it sheds light on areas that lack robust data and rigorous
analysis. The management of liver malignancies is an ideal example of how CER
has led to reliable treatments, but also where progress is urgently needed. When
prospective, randomized controlled trials can be completed, these data will remain
the gold standard for practice. However, in those scenarios where such trials are not
feasible, clinicians must be cautious when adopting conclusions drawn from ret-
rospective analyses.
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Abstract

Controversies abound in urologic cancers. While some work in comparative
effectiveness research has been performed, most controversies remain unre-
solved. In this chapter, we examine the three most common urologic
malignancies: Prostate cancer, kidney cancer, and bladder cancer. We will
review progress made in comparative effectiveness research for each cancer and
outline important topics where future research is needed.
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1 Prostate Cancer

As the most common urologic malignancy, prostate cancer is a substantial burden
for patients and the health care system. From screening through treatment for
metastatic disease, the best treatments for many aspects of prostate cancer are not
known (Fig. 1). We will examine prostate cancer screening, treatment for localized
prostate cancer, and treatment for metastatic disease.

1.1 Prostate Cancer Screening

Prostate cancer screening is highly controversial. The United States Preventative
Services task force gave prostate cancer screening with PSA a D rating [1]. Con-
versely, the American Urological Society continues to endorse PSA based screening
after informed decision making with patients [2]. Here, comparative effectiveness
research has been performed to help inform the debate. Two large randomized
studies, the Prostate Lung Colorectal and Ovarian (PLCO) trial and European
Randomized Study of Screening for Prostate Cancer (ERSPC), came to conflicting
conclusions about the efficacy of PSA based screening for preventing death from
prostate cancer. The PLCO study showed no benefit to men in the screening arm
versus the non-screening arm of the study at 7–10 years of follow up [3]. ERSPC
showed that men in the PSA screening group had a 20 % reduction in prostate cancer
mortality at a median of 9 years of follow up [4]. Controversy about PSA based

Fig. 1 Comparative effectiveness topics
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screening continues due to the large number of men diagnosed with potentially non-
lethal prostate cancer. Since most men diagnosed with prostate cancer in the United
States receive treatment [5], a real risk of overtreatment exists. The risks of over-
diagnosis and overtreatment are what led to the D rating from the USPSTF [1].

Screening could be improved through development of new tests to improve upon
or replace PSA. New approaches, including PCA-3 [6], TMPRESS-erg fusion [7],
and other genetic variations [8] have been explored as diagnostic tests for prostate
cancer. The Early Disease Research Network is involved in efforts to improve these
alternative tests and bring them to the point of clinical use. Should the results be
promising for one or more of the markers, they will need robust CER efforts to
determine which marker should be used in what screening situation. For instance,
PCA-3 has FDA approval for use in the setting on an elevated PSA with a prior
negative prostate biopsy to evaluate the need for a subsequent biopsy. As other
markers become available, they could be directly tested against the existing
approved marker in this setting. Additionally, studies are needed comparing new
markers with PSA in unscreened populations. Currently, most new markers are
tested as adjunct to PSA based screening. A challenge will be finding unscreened
populations in which to perform this testing.

2 Treatment of Localized Disease

2.1 Observation, Active Surveillance, and Active Treatment
of Prostate Cancer

With the high risk of over diagnosis of prostate cancer with SPA based screening,
efforts have moved to changing the rates of overtreatment of disease that might not
actively harm patients. Decreasing overtreatment requires comparative effectiveness
research showing non-treatment of prostate cancer is as effective as active inter-
vention. However, two studies of watchful waiting versus prostatectomy show some
advantage to prostatectomy in higher risk men. The Scandinavian Prostate Cancer
Study Group (SPCG-4) showed a mortality advantage to prostatectomy [9]. These
men were typically diagnosed prior to the PSA era, and had more extensive disease
than currently seen in practice. The Prostate Intervention Versus Observation Trial
(PIVOT) study compared active intervention versus observation in patients treated in
the Veterans Administration hospital system. Patients with low risk prostate cancer
received no benefit from intervention, whereas men with intermediate or high risk
disease appeared to receive some benefit [10]. Important criticisms against this study
were the high background mortality rate in the study. Despite attempting to screen
for healthy patients, the median survival for patients in the observation and
intervention groups was only 10 years. The applicability of these results to other
setting remains controversial.
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Both SPCG-4 and PIVOT compared observation, not active surveillance, with
treatment. Active surveillance differs from observation because men are followed
regularly with PSA and biopsy and intervention instituted if higher risk disease
develops during observation. No studies are available comparing active surveillance
to intervention in a robust manner. Two trials, START and SPIRIT, were stopped
due to poor enrollment. Only one in six patients consented for enrollment at a major
center despite extensive patient education efforts [11]. An ongoing trial in the
United Kingdom, ProtecT, will attempt to answer the role of active surveillance
versus active treatment. This study enrolled over 3,000 participants and randomized
them to prostatectomy, radiation therapy, or active surveillance [12]. Quality of life
and survival results are expected in 2015, and may help guide decision making for
men with prostate cancer.

2.2 Comparative Effectiveness of Prostate Cancer
Therapies

Once men have chosen active intervention for prostate cancer, little comparative
effectiveness evidence exists to guide them in selection of treatments. No trial has
been published randomizing men to radiation or surgery, a deficit the ProtecT trial
will correct. As such, all comparisons between the modalities have been observa-
tional studies. The PCOS trial provided early information about the side effects and
quality of life after treatment by the different modalities, and now has shown a
survival advantage for men treated with radical prostatectomy over those treated with
radiation therapy [13]. Additional quality of life data has come from the PROSQA
study showing distinct patterns to urinary and sexual function among men treated
with prostatectomy, external-beam radiation therapy, and brachytherapy [14].

Despite these past efforts in prospective patient reported outcomes, major gaps
remains in the understanding of efficacy of surgery versus radiation. Since the
enrollment of men in the PCOS study in the 1990s, substantial changes have occurred
in radiation therapy administration, including better image guidance, higher doses of
radiation provided, and use of proton beam therapy. A new observational study,
CEASAR attempts to rectify this knowledge gap [15]. The study enrolled over 3,000
men in a prospective cohort. Detailed information on demographics, treatment
preferences, treatments received, and functional outcomes (urinary, sexual, and
bladder) are being assessed. The study will provide updated information on the
comparative effectiveness of the many different treatments for localized prostate
cancer. Initially, these results will focus on differences in symptoms after treatment
and the long term resolution or progression of these symptoms. Future plans include
longer follow up to provide information on survival differences between different
treatment modalities.

ProtecT and CEASAR will provide excellent data to help resolve controversies
about active surveillance versus active treatment. However, even these well
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designed studies cannot answer all of the relevant questions regarding treatment
versus active surveillance and surgery versus radiation. Further investigations based
on the new findings from these studies will be needed. A concern will also be the
applicability of the results of the ProtecT study to African–Americans. CEASAR
has a broader enrollment, but the long term follow up for efficacy is planned, but
not funded per their recent publication [15].

2.3 Comparative Effectiveness of Surgical Approaches
for Prostate Cancer

Once patients make their decision regarding treatment modality, a new set of
clinical questions emerges. Observational studies have addressed minimally inva-
sive versus open approaches to radical prostatectomy. Early studies showed
improved length of stay with minimally invasive approaches and lower use of blood
transfusions. These improvements were balanced by higher rates of incontinence
and erectile dysfunction [16]. Further investigations have failed to show significant
differences in laparoscopic radical prostatectomy versus the use of robotic assis-
tance [17]. Despite the paucity of data, most prostatectomies performed in the
United States are done using a robotic assisted technique.

The spread of robotic prostatectomy reflects a common problem in surgical
innovation. New technology disseminates before any comparative effectiveness
studies show a benefit to the new technology. Once the technology has saturated the
market, designing high quality comparative effectiveness studies becomes difficult.
Here, the possibility of randomized controlled trials is unlikely due to patient
preference and direct to consumer marketing. Unique prospective cohorts, with well
defined data collection and study parameters, are needed to answer important
comparative effectiveness questions.

2.4 Comparative Effectiveness of Radiation Therapy
Modalities

Radiation therapy has an additional set of treatment choices, where the options lack
solid comparative effectiveness data (Table 1). Current guidelines recommend 3-D
conformal or intensity modulated radiation therapy with image guidance for

Table 1 Treatments and comparisons needed in radiation therapy for prostate cancer

Option Comparison needed

Intensity modulated radiation therapy Conformal beam radiation therapy

Brachytherapy IMRT or CBT

Proton beam therapy IMRT, CBT, or Brachytherapy
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external beam radiation therapy with primary brachytherapy an alternative for
patients with low risk cancers [18]. Aside from the previously mentioned studies
comparing functional outcomes between brachytherapy and external beam radiation
therapy, good studies exploring cancer control with the multiple different radiation
modalities are lacking. For instance, no comparative effectiveness studies were
done comparing conformal external beam radiation with IMRT [19], yet IMRT is
the dominant form of external beam therapy used in the United States [20]. In a
population based study using SEER-Medicare data, IMRT showed less gastroin-
testinal morbidity and fewer hip fractures than conformal radiation [21]. However,
IMRT was associated with increased risk of erectile dysfunction. This study also
compared IMRT to proton therapy and found less gastrointestinal complications
with IMRT. The lack of data comparing different modalities is one place the
CEASAR study may provide additional information [15]. However, one study
alone cannot address all of the controversies in radiation options, and other well
designed prospective or randomized studies will be needed.

2.5 Recurrent and Metastatic Prostate Cancer

For years the treatment of metastatic prostate cancer was simple and limited by
available medications. Men with metastatic prostate cancer were treated by
androgen deprivation, initially through orchiectomy and later through luteinizing
hormone receptor agonists. After failure of these methods, men received best
supportive care with no evidence that further androgen manipulation or chemo-
therapy helped improve outcomes. In the past ten years, treatment options for
metastatic prostate cancer have grown enormously. The proper sequencing and use
of these medications remains an area of active research. In this section, we discuss
three important topics for comparative effectiveness research: how should men with
a rising PSA after definitive therapy be treated, what medication should men with
asymptomatic or mildly symptomatic metastatic disease be treated with, and what
treatment should be provided to men with symptomatic metastatic disease.

A central unresolved question in prostate cancer therapy is when to initiate
androgen deprivation therapy. This question exists both in patients who have PSA
recurrence after prior radiation or surgical therapy, and in patients who are not
candidates for definitive therapy, but have a rising PSA without evidence of met-
astatic disease. No studies currently address these issues. From prior case series, the
time period from PSA detection to development of metastatic disease is estimated to
be 5 years [22], and the PSA velocity during recurrence is an important predictor of
metastatic disease and death [23]. NCCN guidelines acknowledge the lack of
evidence about when to initiate ADT. Resolution of this issue will require unique
data sets and examination, and are unlikely to be resolved with randomized trials.

Documentation of metastatic disease is another area of controversy. Since
prostate cancer primarily recurs in bone, assessment for metastatic disease with
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99mTc-medronate bone scans has been central for diagnosis. A newer modality,
18F-NaF PET has been developed. This technology has increased sensitivity for
detection of bone metastases [24]. However, how this increased sensitivity impacts
management of men with metastatic prostate cancer remains unresolved.

Once metastatic disease is documented, men with prostate cancer have multiple
options for management. A continuing controversy involves the use of combined
androgen blockage with a luteinizing hormone releasing hormone agonist combined
with an anti-androgen versus LHRH agonist monotherapy. Furthermore, the role of
LHRH antagonists versus agonists remains to be identified.

When the PSA rises during ADT therapy, patients are considered to have cas-
tration-recurrent prostate cancer. Treatment options vary based on the severity of
patient symptoms. For patients with asymptomatic CRPC, level 1 evidence supports
the use of Sipilucel-T and Abiraterone [25, 26]. A randomized trial of enzalutamide
in this setting has also been completed and the results have been presented but
publication of the results is still pending. For patients who are symptomatic,
docetaxel and radium-223 have level one evidence supporting their use [27–29]. In
addition, the trials with abiraterone and enzalutamide included men who were
mildly symptomatic, while the trials with docetaxel included some asymptomatic
men. With the substantial overlap between agents and the studies supporting the
agents, no good evidence exists to support the sequencing of agents. Trials com-
paring the agents and alternative sequencing of agents are needed.

A final area of controversy exists in the treatment of men who progress after the
use of docetaxel. Both enzalutimide and abiraterone have randomized trial evidence
showing the improvement in patient survival in this setting [30, 31]. How one agent
compares to the other remains undefined.

3 Bladder Cancer

For most patients with low grade and non-muscle invasive bladder cancer, treat-
ments are routine and control the cancer with little risk of progression to metastatic
disease and death. Most controversy for these patients exists in the proper sequence
and amount of surveillance care patients receive. Among higher risk patients with
high grade or muscle invasive disease, risk or recurrence and death is high. It is in
these patients that current treatment options are limited and extensive controversies
exist.

3.1 Non-muscle Invasive Bladder Cancer

Low grade, non-muscle invasive, bladder cancer is characterized by a high recur-
rence rate with a low rate of progression to muscle invasive disease or development
of metastatic disease. These patients are managed by resection of the tumor through
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a transurethral approach followed by surveillance regimens. These surveillance
regimens have proven controversial, with few patients receiving recommended care
[32], and adherence with recommended care showing no benefits with overall or
cancer specific survival [33]. Despite these controversies, no randomized trials exist
to guide care. Practice continues based on best practices, and no trials are currently
under way to address the issue.

One issue that has been well investigated in the non-muscle invasive bladder
cancer population is the use of intravesical chemotherapy after resection. A single
dose of intravesical chemotherapy increased recurrence free survival by 38 % in a
recent meta analysis [34]. Medications used included mitomycin-c, epirubicin,
peplomycin, THP-doxorubicin, and gemcitabine, with mitomycin-c and epirubicine
showing the greatest efficacy compared to placebo or not active intervention.
However, no CER study has been performed comparing one agent to another,
making this an area where CER research could be employed.

3.2 Follow-up Care After Definitive Bladder Cancer
Therapy

Bladder cancer patients who receive a radical cystectomy remain at high risk for
recurrence and death from their disease. For these patients, the ideal follow up
regimen is now known. Recommended follow up tests include CT or MRI scans
[35], trans-rectal ultrasound [36], no imaging [37], voided cytology [35, 38] and
urethral wash cytology [35, 38–40]. The performance of these follow up studies in
patients treated with neoadjuvant or adjuvant chemotherapy is unknown [41, 42]. A
recent analysis found urine testing after cystectomy and doctor visits positively
impacted patient survival, but imaging tests had no impact [43]. While the obser-
vational data helps point towards beneficial modalities of therapy, further research
comparing the effectiveness of different follow up patterns is needed to positively
impact the outcomes for patients.

3.3 Comparative Effectiveness of Radiation and Surgery
for Muscle Invasive Bladder Cancer

A final area of controversy is in bladder sparing protocols for muscle invasive
bladder cancer versus radical cystectomy. Overall, curative therapy is used by only
a fraction of patients with muscle invasive bladder cancer [44]. Trimodality therapy,
combining transurethral resection of the tumor, radiation therapy and radio sensi-
tizing chemotherapy provides an additional option to patients for cure of muscle
invasive bladder cancer. Results of this therapy are comparable to those of radical
cystectomy with five year survival rates of 48–65 % and bladder preservation rates
of 70 % [45]. However, in the absence of comparative studies, the true effectiveness
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comparing trimodality therapy to radical cystectomy remains unknown. Issues of
patient selection for each therapy and standardization of both surgical and radiation
management need to be explored.

The comparative effectiveness of surgical versus radiation therapy for muscle
invasive bladder cancer fits into a framework of decision making for patients with
muscle invasive bladder cancer (Fig. 2). The initial treatment decision for surgery
versus radiation or observation is followed by a decision regarding the use of
neoadjuvant chemotherapy, and finally a set of variables related to the quality of the
surgery. Each of these points requires robust research to answer questions about the
effectiveness of the available interventions. For example, groups are trying to refine
patient selection for neoadjuvant chemotherapy referral [46]. Other efforts are
underway comparing the quality and effectiveness of robotic and open approaches
to surgery. Finally a randomized clinical trial (S1011) assessing the extent of lymph
node dissection is accruing patients in a cooperative group trial. Such efforts will
help answer critical questions about the appropriateness of different surgical tech-
niques and are needed for multiple aspects of the surgical management of bladder
cancer.

4 Kidney Cancer

Recent expansions in the therapeutic options for patients with kidney cancer have
raised important questions related to clinical effectiveness. Management of local-
ized disease, metastatic disease with the primary kidney tumor in place, and met-
astatic disease that developed after prior nephrectomy are disease states where
comparative effectiveness research is needed. In this next section, we discuss these
controversies and the limitations in current understanding.

Fig. 2 Treatment decisions in muscle invasive bladder cancer

Comparative Effectiveness Research in Urologic Cancers 229



4.1 Comparative Effectiveness of Surgical Methods
for Kidney Cancer

Localized kidney tumors are typically managed by surgical resection. Multiple
alternatives, ranging from laparoscopic, open, and robotic approaches to surgery,
exist. Additionally, the entire kidney can be removed versus just the portion con-
taining the cancer. Further options for local control involve percutaneous or lapa-
roscopic cryoablation of the tumor or radiofrequency ablation of the tumor. In
addition to local control, many centers advocate observation of small renal masses,
especially in the elderly or patients with extensive comorbidity. Some CER has
been performed to inform patients and surgeons on the relative risks and benefits of
each approach to management of localized kidney cancer.

Open radical versus partial nephrectomy were compared in a randomized trial
started in 1992 and reported in 2011 [47]. The authors found that patients treated
with radical nephrectomy had better overall survival at 10 years (81.1 %) than
patients treated with partial nephrectomy (75.7 %) [47]. These results were con-
troversial since prior observational data suggested worsened renal function among
patients who received radical nephrectomy [48], and other evidence linked wors-
ened renal function to increased mortality [49]. Adding to the controversy, a cohort
study suggests improvement in mortality among patients who received partial
instead of radical nephrectomy [50].

4.2 Intervention Versus Observation for Kidney Tumors

As seen in the example of radical versus partial nephrectomy, resolving the con-
troversies in kidney cancer treatment will require new efforts at comparative
effectiveness research. Central to these efforts is better defining who needs treat-
ment versus observation. Some groups have been using biopsy of the kidney to help
guide this therapy [51], but the concept has not been explored within a robust CER
framework. Similar to prostate cancer, not all patients need active intervention, but
determining the correct patient for intervention remains challenging. Additional
efforts to better delineate the trade offs between ablative and extirpative therapy for
patients receiving intervention are needed.

4.3 Cytoreductive Nephrectomy for Metastatic Kidney
Cancer

In patients with kidney cancer who present with metastatic disease, the role of a
cytoreductive nephrectomy was established by a pivotal study showing nephrectomy
with interferon was associated with a 3 month median increase in survival compared
to nephrectomy alone [52]. This initial finding has become controversial since INF is
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rarely used in current therapy and the use of cytoreductive nephrectomy has
expanded beyond the limited population treated in the landmark study. In an
observational cohort study spanning the INF and current treatment era, many
patients were found to not have a survival benefit from cytoreductive nephrectomy
[53]. Fortunately, two randomized clinical trials are accruing patients to help answer
the effectiveness of cytoreductive nephrectomy combined with current medical
therapy. The CARMENA trial randomizes patients to nephrectomy followed by
sunitinib versus sunitinib alone. An alternative design is explored in the SURTIME
trial. Patients are randomized to immediate nephrectomy versus initial treatment
with sunitinib followed by nephrectomy. Both these trials enroll healthy patients
with performance status of 0 or 1, leaving questions remaining about the efficacy of
cytoreductive nephrectomy in patients with poor performance status and greater
comorbidity.

4.4 Choice and Sequencing of Agents for Metastatic
Kidney Cancer

With multiple agents approved for treatment of metastatic renal cell cancer,
appropriate selection and sequencing remain active areas of concern. Currently
tyrosine kinase inhibitors (sorafanib, sunitinib, pazopanib, axitinib), monoclonal
antibody in combination with interferon (bevacizumab), and the inhibitors of the
mammalian target of rapamycin (everolimus and temsirolimus) are available for the
treatment of metastatic renal cell cancer [54]. Current guidelines recommend paz-
opanib, sunitinib, or bevacizumab with interferon as first line therapy for good or
intermediate risk patients with clear cell renal cell cancer, and temsirolimus is the
only agent recommended for high risk patients [55]. These studies were done either
with placebo or interferon alpha as the comparator group. Only a few studies assess
comparative effectiveness among the agents [56–58] (Table 2). Increasingly, new

Table 2 A few studies assessing comparative effectiveness among the agents

Agent Study design Comparison
agent

Result

Axitinib Open label
randomized phase
III study

Sorafenib Progression free survival 10.2 months
with axitinib versus 6.5 months with
sorafenib. Not statistically significant
and the side effect profile was different,
but not improved [56]

Pazopanib Phase III
randomized non-
inferiority study

Sunitinib Pazopanib was non-inferior to sunitinib
for progression and overall survival.
Pazopanib had a superior side effect
profile [58]

Sorafenib Phase III
randomized
clinical trial

Tivozanib Tivozanib had improved progression free
survival [57]
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agents used in the first line setting will need to prove superiority to existing therapy.
The pazopanib versus sunitinib study provides a good example of a comparative
effectiveness study can change clinical management. By comparing two of the
recommended first line agents directly, the results of the study provide clear
guidance on which agent should be used.

The ideal treatment of patients who progress on first line therapy is also unclear.
The definition of progression is fluid, with recommendations provided in a recent
review based on the time course of the disease [54]. Despite the challenges of
defining progressive disease, multiple studies have been done directly comparing
available agents in the second-line setting [59–61]. These studies suggest a role for
axitinib over sorafenib in the second line therapy setting. However, studies directly
comparing the most active agents have not been done (Table 3). With multiple
agents available, further comparative studies are needed to accurately guide
therapy.
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The field of gynecologic oncology is faced with a number of challenges
including how to incorporate new drugs and procedures into practice, how to
balance therapeutic efficacy and toxicity of treatment, how to individualize
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three common and highly debated clinical scenarios in gynecologic oncology:
the initial management of ovarian cancer, the role of lymphadenectomy in the
treatment of endometrial cancer, and the choice of adjuvant therapy for ovarian
cancer.

S. Patankar � A.I. Tergas � J.D. Wright (&)
Department of Obstetrics and Gynecology, Columbia University College
of Physicians and Surgeons, New York, US
e-mail: jw2459@columbia.edu

S. Patankar
e-mail: ssp2157@cumc.columbia.edu

A.I. Tergas
e-mail: ait2111@columbia.edu

A.I. Tergas
Department of Epidemiology, Mailman School of Public Health,
Columbia University, New York, US

J.D. Wright
Herbert Irving Comprehensive Cancer Center, Columbia University
College of Physicians and Surgeons, New York, US

© Springer International Publishing Switzerland 2015
K.Y. Bilimoria et al. (eds.), Comparative Effectiveness in Surgical Oncology,
Cancer Treatment and Research 164, DOI 10.1007/978-3-319-12553-4_13

237



Keywords

Gynecologic cancer � Endometrial cancer � Ovarian cancer � Chemotherapy �
Lymphadenectomy

Contents

1 Introduction .......................................................................................................................... 238
2 Initial Management of Ovarian Cancer............................................................................... 239

2.1 Background ................................................................................................................. 239
2.2 Evidence...................................................................................................................... 240
2.3 Areas of Uncertainty................................................................................................... 242
2.4 Areas of Future Study ................................................................................................ 243

3 The Role of Lymphadenectomy in Endometrial Cancer .................................................... 244
3.1 Background ................................................................................................................. 244
3.2 Evidence...................................................................................................................... 245
3.3 Areas of Uncertainty and Future Study ..................................................................... 247

4 Adjuvant Therapy for Ovarian Cancer................................................................................ 250
4.1 Background ................................................................................................................. 250
4.2 Evidence...................................................................................................................... 250
4.3 Areas of Uncertainty and Future Study ..................................................................... 253

References .................................................................................................................................. 255

1 Introduction

Gynecologic oncology incorporates a diverse group of diseases of the female
genital tract. Some tumor types, such as endometrial cancer, are commonly detected
early and associated with a high cure rate. In contrast, other malignancies, such as
ovarian cancer, are more commonly diagnosed after dissemination and are
accompanied by a poorer overall prognosis. Treatment for nearly all of the gyne-
cologic cancers incorporates a multimodal approach utilizing various combinations
of surgery, chemotherapy, and radiation.

The field of gynecologic oncology is faced with a number of challenges
including how to incorporate new drugs and procedures into practice, how to
balance therapeutic efficacy and toxicity of treatment, how to individualize therapy
to particular patients or groups of patients, and how to contain the rapidly rising
costs associated with oncologic care. In this chapter we examine three common and
highly debated clinical scenarios in gynecologic oncology: the initial management
of ovarian cancer, the role of lymphadenectomy in the treatment of endometrial
cancer, and the choice of adjuvant therapy for ovarian cancer.
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2 Initial Management of Ovarian Cancer

2.1 Background

Epithelial ovarian cancer is a major cause of cancer-related mortality in women.
The high mortality associated with ovarian cancer is due in large part to the lack of
effective screening tests for the disease. While potential screening tests such as
transvaginal ultrasonography and serum screening with CA125 have been evaluated
in a number of prospective trials, these tests are associated with low specificity and
often fail to detect ovarian tumors when they are confined to the ovary and
potentially curable. The difficulty in diagnosis is further compounded by the fact
that most women with early-stage tumors are asymptomatic and, as such, the
majority of women already have dissemination of the tumor within the abdominal
cavity and often beyond (stage III or IV), at the time of diagnosis.

Traditional management for advanced-stage ovarian is surgical. Surgery for
ovarian tumors relies a procedure known as cytoreduction or debulking. The goal of
cytoreductive surgery is removal of all gross tumor within the abdominal cavity. In
addition to hysterectomy and bilateral salpingo-oophorectomy, the procedure often
requires omentectomy, peritoneactomy and frequently resection of the abdominal
viscera including small bowel resection, colectomy, rectosigmoid colectomy, sple-
nectomy, partial hepatectomy, and diaphragm resection. Surgery is typically followed
by chemotherapy, most commonly employing a platinum-based regimen. Survival is
highly correlated with the amount of residual tumor at the completion of surgery
[1, 2]. Patients are classified as having undergone optimal cytoreduction if the greatest
dimension of the largest residual tumor nodule is <1 cm and as having undergone
suboptimal cytoreduction if the largest residual tumor is >1 cm in diameter.

Despite the oncologic benefits of cytoreduction, the procedure can be associated
with substantial perioperative morbidity [3]. One population-based report noted that
major perioperative complications occured in nearly a quarter of women who
undergo surgery for ovarian cancer [3]. Further, a systematic review reported that
the perioperative mortality rate was nearly 4 % in women who underwent surgery
[4]. Additional work has also shown that those women who experience major
perioperative complications often have delayed receipt of chemotherapy, thereby
potentially negating the beneficial effects of cytoreductive surgery [5, 6].

An alternative to primary cytoreductive surgery is neoadjuvant chemotherapy.
Women who undergo neoadjuvant chemotherapy typically receive primary plati-
num and taxane based chemotherapy followed by interval cytoreduction and
additional cytotoxic therapy postoperatively. Institutional series have noted that
perioperative morbidity is often reduced in women who undergo neoadjuvant
chemotherapy compared to those treated with a strategy of primary cytoreductive
surgery [7, 8]. However, the reported survival rates in these observational studies
are often inferior to survival outcomes from cooperative group trials and from some
tertiary centers [9, 10].
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2.2 Evidence

2.2.1 Evidence for Primary Cytoreduction

Despite the fact the surgical cytoreduction is the standard of care for advanced stage
ovarian cancer, the procedure is not based on randomized controlled trial data. The
concept of surgical cytoreduction originated in the 1970s with the goal of resecting
all visible tumor within the abdominal cavity [11]. The rationale for tumor deb-
ulking was to not only improve symptoms for bulky abdominal disease, but also to
reduce the potential of residual chemotherapy resistant tumor clones and improve
response to chemotherapy [12].

The efficacy of surgical cytoreduction was based in large part on retrospective
studies that suggested that survival was improved in women with lower residual
tumor burden after surgery [1, 2]. The Gynecologic Oncology Group (GOG) per-
formed a number of analyses that helped demonstrate this concept [2]. In one report
of 294 patients with stage III ovarian cancer, the relative risk of death increased
sequentially as the diameter of the largest residual tumor nodule increased. Com-
pared to women with a residual disease <2 cm, the relative risk of death in those
with a residual tumor diameter of 2–2.9 cm was 1.90 while the relative risk in those
with the largest tumor nodule measuring 3–3.9 cm was 1.91 [2].

The importance of cytoreduction has been demonstrated in multiple institutional
series as well as a meta-analysis of available data that suggested similar findings [1,
13–18]. Among 81 studies including women with advanced-stage ovarian cancer,
each 10 % increase in maximal cytoreduction was associated with a 5.5 % increase
in median survival [1]. One single institution study compared survival in their
patients before and after a programmatic change in surgical approach that adopted
aggressive primary surgery including upper abdominal surgery when necessary.
Five-year survival improved from 35 to 47 % after the paradigm shift [15].

Cytoreductive surgery not only involves resection of the ovaries and uterus, but
also often requires removal of other pelvic viscera. One concern with aggressive
surgery is the risk of perioperative morbidity and mortality. A number of studies
have attempted to model factors associated with perioperative complications
including age, functional status and extent of cytoreduction [19, 20]. After com-
pletion of cytoreduction most women receive adjuvant chemotherapy.

2.2.2 Evidence for Neoadjuvant Chemotherapy

Much of the evidence describing the outcomes of neoadjuvant chemotherapy is
based on retrospective institutional reports that have compared the outcomes of
primary cytoreduction to a strategy of neoadjuvant chemotherapy [7, 8, 21–26].
Many of these studies have noted that neoadjuvant chemotherapy is associated with
less perioperative morbidity and a higher rate of optimal cytoreduction than primary
cytoreduction. A meta-analysis of 21 studies found that patients who received
neoadjuvant chemotherapy were less likely to undergo a sub-optimal cytoreduction
(pooled odds ratio 0.50; 95 % CI, 0.29–0.86) [22].
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One report comparing 109 patients who underwent primary surgery to 63
women treated with neoadjuvant chemotherapy noted a higher rate of optimal
cytoreduction in those treated with neoadjuvant chemotherapy (95 % vs. 71 %).
Further, aggressive surgery was required in only 5 % of those women who received
neoadjuvant chemotherapy compared to 25 % in the primary surgery group. The
median overall survival in the neoadjuvant therapy group was 46 months, similar to
the 47 months noted in the primary surgery patients [8].

A second institutional series identified 200 patients with advanced stage epi-
thelial ovarian cancer and included 98 patients who had initial chemotherapy and
102 who underwent surgery. Surgical morbidity was similar between the two
groups, however, optimal cytoreduction was more often achieved in patients who
underwent neoadjuvant chemotherapy (86 % vs. 54 %, P < 0.001). In the survival
analysis, optimal cytoreduction was the only independent predictor of improved of
survival. Timing of cytoreduction, either as primary surgery or after neoadjuvant
chemotherapy, was not associated with survival [7].

The only randomized controlled trial of primary surgery versus neoadjuvant
chemotherapy was undertaken by the European Organization for Research and
Treatment of Cancer (EORTC) and reported in 2010. The study randomized 670
patients with stage IIIC-IV epithelial ovarian cancer to primary cytoreduction fol-
lowed by platinum-based chemotherapy or neoadjuvant platinum-based chemo-
therapy (Table 1). Optimal cytoreduction to a largest tumor diameter of <1 cm was
achieved in 41.6 % of patients who underwent primary debulking compared to
80.6 % of those who received neoadjuvant therapy. Perioperative morbidity was
lower in those who underwent neoadjuvant chemotherapy and the postoperative
mortality rate was 0.7 % in patients who received neoadjvuant chemotherapy
compared to 2.5 % in those randomized to primary surgery. Median overall survival
was comparable between the two arms, 29 months in those who underwent primary
surgery and 30 months in women who received neoadjuvant chemotherapy. The
investigators concluded that neoadjuvant surgery was not inferior to primary
cytoreduction [26].

Table 1 Randomized control trial of neoadjuvant chemotherapy versus primary cytoreduction for
advanced stage ovarian cancer

Study Arms Subjects Optimal
cytoreduction
(≤1 cm residual
tumor) (%)

Perioperative
mortality (%)

Median
progression-
free survival
(months)

Median
overall
survival
(months)

Vergote (2010)

Primary
surgery

336 42 2.5 12 29

Neoadjuvant
chemotherapy

334 81 0.7 12 30
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2.3 Areas of Uncertainty

Despite the data describing the potential benefits of neoadjuvant chemotherapy for
advanced stage ovarian cancer, the topic remains controversial [27–29]. A survey of
gynecologic oncologists in the US found that most used neoadjuvant chemotherapy
infrequently with the majority of participants reporting use in <10 % of cases.
Further, the majority of respondents to the survey reported that they felt that the
evidence supporting neoadjuvant chemotherapy was insufficient [27].

An important argument against the use of neoadjuvant chemotherapy stems from
comparison of outcomes of patients treated with primary surgery [9]. Survival
estimates of many observational studies as well as the randomized controlled trial of
neoadjuvant therapy have been inferior to survival data reported for primary surgery
documented from institutional series and cooperative group trials [9, 10, 30]. For
example, the GOG recently reported data from a phase III trial of women with stage
III and IV ovarian cancer randomized to intravenous or intraperitoneal platinum and
taxane based chemotherapy. Median overall survival in this trial was 50 months for
intravenous chemotherapy and 66 months for intraperitoneal treatment [10]. Sur-
vival estimates from this and other trials is substantially longer than reported for
either the neoadjuvant (30 months) or primary surgery arms of the EORTC trial
[10, 30, 31].

The relatively poor survival as well as low overall rate of optimal cytoreduction
in the EORTC trial have raised the concern that the results of this data are not
applicable to patients in the US who have access to gynecologic oncologists skilled
in performance of aggressive cytoreductive surgery [29]. A single institution report
identified patients who met the eligibility criteria for the EORTC trial and who
underwent primary cytoreductive surgery. In this report, the median overall survival
was 50 months, superior to the overall survival of both the neoadjuvant and primary
surgery arms of the EORTC study [9, 31].

A major limitation of the currently available data is that many observational
studies comparing the outcomes of primary surgery and neoadjuvant chemotherapy
are limited by strong selection bias [7, 8, 21–25, 32, 33]. Patients with poor
prognostic factors including advanced age, higher grade, and stage and more
medical comorbidities are often preferentially treated with neoadjuvant chemo-
therapy. In addition, more subtle differences in patient characteristics such as the
volume and distribution of tumor often influence decision making. Measurement of
these more subtle factors is problematic not only in studies using administrative
data, but also in studies that directly abstract data from medical records. The strong
selection bias in treatment choice and comparison to highly selected patients
enrolled in cooperative group trials and treated at tertiary centers may result in
biased conclusions [26].
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2.4 Areas of Future Study

Clearly, additional randomized controlled trials comparing primary cytoreduction
and neoadjuvant chemotherapy with interval surgery would be of great value. Trials
that compare outcomes at tertiary referral centers where patients are treated by high-
volume gynecologic oncologists as well as trials in community settings would both
be of utility. Ideally these studies would include both “favorable” prognosis patients
with advanced stage disease as well as women with larger volume disease.

While randomized controlled trials in this setting would be of great utility,
undertaking these trials is challenging. First, among gynecologic oncologists there
is often a strong bias towards one treatment approach over another, potentially
limiting referral to trials. Second, enrollment into clinical trials in which patients are
randomized to either a surgical intervention or to a non-surgical alternative is often
problematic. Lastly, ovarian cancer is often a disease that is treated over the course
of many years. Initial surgery and chemotherapy, regardless of the sequence, is
typically followed by multiple lines of cytotoxic chemotherapy and often secondary
surgery for recurrent disease. Imbalances in downstream treatment often make
interpretation of trials focused on initial therapy difficult [34].

Given the difficulty in performing prospective, randomized trials, there has been
great interest in using observational data to explore primary treatment for ovarian
cancer. Studies using observational in this setting are limited by both selection bias
and the influence of multiple measured and unmeasured confounders that influence
both treatment selection and outcomes. Recent studies attempted to overcome some
of these limitations using statistically methodology such as propensity score
matching and instrumental variable analysis to limit the influence of selection bias
and confounding. One report examined treatment outcomes in over 9,500 women
with advanced-stage ovarian cancer. Using traditional regression analysis, survival
was inferior in women who received neoadjuvant chemotherapy. However, after
leveraging geographic variation in treatment as an instrumental variable to limit the
effects of unmeasured confounding, there was no statistically significant difference
in survival between those who received neoadjuvant chemotherapy and those
women treated with primary cytoreduction. Further, in this report of unselected
patients the median survival for both groups was approximately 24 months, much
lower than what has been reported from tertiary centers in the US [35].

Ultimately, better screening tests are needed for ovarian cancer to help reduce
the burden of advanced-stage disease. For those women with advanced-stage
tumors, newer therapeutic strategies may help prolong survival and increase the
chance of cure. Further prospective clinical trials as well as novel methods of
analyzing population-based data will help to shed light on how best to individu-
alized the treatment of women with newly diagnosed, advanced stage tumors.
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3 The Role of Lymphadenectomy in Endometrial
Cancer

3.1 Background

Endometrial cancer is the most common gynecologic cancer in the United States. In
2014, it is estimated that 52,630 women will be diagnosed with the disease and
8,590 women will die from uterine cancer [36]. For the vast majority of women
primary treatment entails surgery. Surgical management of endometrial cancer
consists of hysterectomy and usually bilateral salpingo-oophorectomy [37]. Lym-
phadenectomy, or removal of the regional lymphatics, may be a part of the primary
surgical effort as well. Hysterectomy for endometrial cancer can be performed via
laparotomy, or, more recently using minimally invasive surgery with either lapa-
roscopy or robotic assistance [38].

The surgical treatment of endometrial cancer has evolved over the last four
decades. Historically, treatment for all women with endometrial cancer was initiated
with intracavitary radiation [39]. Intracavitary radiation was most frequently
administered using capsules loaded directly into the uterine cavity. Radiation was
followed by hysterectomy. In the 1980s, treatment paradigms began to shift. In lieu
of primary radiation, hysterectomy was often employed as initial therapy and fol-
lowed by tailored, adjuvant radiotherapy. Lymphadenectomy was performed in
some women to help guide adjuvant radiotherapy [39]. This treatment shift and the
recognition of the role of lymphadenectomy in endometrial cancer was recognized
in 1988 when a revised surgical staging system for endometrial cancer was intro-
duced by the International Federation of Obstetrics and Gynecology [40].

A series of surgical pathology studies have demonstrated that women with high-
risk uterine features including higher tumor grade, greater depth of myometrial
invasion, and lymphvascular space invasion were at higher risk for nodal metastasis
[41]. Further, these studies suggested that the presence of nodal metastases was
among the strongest adverse predictors of survival in women with endometrial
cancer [42]. The primary goal of lymphadenectomy is to identify occult metastatic
disease to help guide adjuvant therapy. Women identified with metastatic disease
could thus be triaged to adjuvant therapy in the form of chemotherapy and radiation
and those women without nodal disease could forego additional therapy and its
associated toxicity [43]. In addition to treatment planning, some studies have sug-
gested that lymphadenectomy has a therapeutic role [44, 45]. The therapeutic role of
lymphadenectomy may be the result of resection of microscopic nodal disease.

The potential benefits of lymphadenectomy are weighed against the increased
operative time and morbidity associated with performance of the procedure. Cur-
rently, debate around lymphadenectomy centers on whether lymphadenectomy
should be performed universally in all patients, or, whether the procedure should be
performed selectively in high-risk patients or omitted entirely [46]. More recently,
sentinel lymph node biopsy has been described for endometrial cancer [47].
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3.2 Evidence

Observational studies have defined a strong rationale for performance of lym-
phadenectomy in women with apparent uterine-confined endometrial cancer. First,
it is well accepted that the presence of nodal metastasis is highly prognostic for
endometrial cancer. International data as well as studies from the National Cancer
Database have suggested that survival for stage I–II endometrial cancer is >80 %
but decreases to approximately 40–50 % in women with nodal disease [48–50].
Identification of occult nodal metastasis therefore provides important prognostic
information for patients, and ideally would identify a subset of patients who could
receive adjuvant therapy.

The argument for universal lymphadenectomy for endometrial cancer is further
bolstered by the difficulty in accurately identifying women with nodal disease
without pathologic assessment. The premise of selective lymphadenectomy relies
on classification of patients based on preoperative and intraoperative factors into a
high-risk group that would undergo lymphadenectomy and similarly, a population
at low-risk for lymph node metastases that could safely forego lymphadenectomy
[50]. Risk stratification relies on utilization of pathologic factors, most commonly
tumor grade, depth of myometrial invasion, and size. Investigators from the Mayo
Clinic have identified a subgroup of patients at very low-risk for lymph node
metastasis. In a series of 328 patients with grade 1 or 2 endometrioid tumors, <2 cm
in diameter and <50 % myometrial invasion, the rate of nodal metastasis was 5 %
and 5-year survival was 97 % [51]. These criteria were further examined pro-
spectively as well as through a multi-institutional evaluation that noted a negative
predictive value of 98.2 % [52, 53].

Despite the high negative predictive value of utilizing preoperative and intra-
operative assessment to stratify patients, concern has been raised that data available
to surgeons at the time of decision making frequently changes after complete
pathologic evaluation of the surgical specimens. For example, in the GOGs surg-
icopathology study, 20 % of tumors classified as grade 1 preoperatively were
upgraded and frequently myoinvasive [41]. A prospective, blinded study of the
accuracy of frozen section in women with endometrial cancer found an overall poor
correlation between frozen section findings in the operating room and final
pathology. These investigators noted that tumor grade at frozen section correlated
with final pathology in only 58 % of cases while depth of invasion correlated in
67 % of patients. Overall, 28 % of patients were upstaged from the intraoperative
assessment to final pathology [54]. Similarly, a report of 181 women with a
diagnosis of grade 1 endometrial cancer who underwent staging lymphadenectomy
found that 19 % of the neoplasms were upgraded, 18 % upstaged while adjuvant
therapy was affected by the results of lymphadenectomy in 26 % of women [55].
Lastly, intraoperative gross inspection and palpation of the lymph nodes has very
poor sensitivity in identifying nodal metastases [41]. Proponents of lymphadenec-
tomy have argued that universal lymphadenectomy saves women from re-explo-
ration when unexpected pathologic findings are noted postoperatively.
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The theoretic benefit of lymphadenectomy is to identify women with positive
nodes who can undergo adjuvant therapy and increase the chance of cure as well as
to spare lower risk women potentially toxic therapy. This argument depends on two
factors. First, there must be an effective treatment that improves survival for women
with nodal metastasis. Second, a large portion of women without nodal metastases
should be at low enough risk to be able to forego adjuvant therapy, or, alternatively,
undergo a less toxic intervention than patients with nodal disease. Historically,
pelvic radiotherapy was the treatment of choice for women with nodal disease from
endometrial cancer. More recently, the GOG has demonstrated that combination
chemotherapy is superior to radiation therapy [56]. In practice, multimodal therapy
employing both chemotherapy and radiation is often utilized for women with node
positive endometrial cancer [57].

Several observational reports have suggested that the results of lymphadenec-
tomy are associated with decision making for adjuvant therapy [55, 58, 59]. An
analysis of over 58,000 patients with stage I-II endometrioid adenocarcinomas in
the Surveillance, Epidemiology, and End Results database noted that lymphade-
nectomy was performed in approximately 44 % of patients. Among low-risk
women with tumors confined to the endometrium, performance of lymphadenec-
tomy was not associated with patterns of adjuvant therapy. Among women with
myoinvasive tumors, lymphadenectomy was associated with treatment with women
who underwent lymphadenectomy being more likely to receive brachytherapy and
those women who did not undergo lymphadenectomy more frequently receiving
pelvic radiation. For example, among women <60 years of age with grade 2 tumors
invading >50 % of the myometrium, whole pelvic radiation was used in 40 % of
women who underwent lymphadenectomy versus 61 % of those who did not, while
vaginal brachytherapy was used in 11 and 2 %, respectively [59]. Similarly, a single
institution study of 95 patients found that 13 % of patients received extended field
radiation due to para-aortic nodal disease while 52 % of patients had negative nodes
and avoided treatment [58].

A fourth argument for the performance of universal lymphadenectomy stems
from the potential therapeutic benefit of the procedure [44, 45, 60, 61]. The
potential therapeutic benefit of lymphadenectomy for women with negative lymph
nodes was first described by Kilgore and colleagues in 1995. In this report of 649
patients, there was a trend toward increased survival in women who underwent
multi-site sampling [45]. A single institution analysis of 509 patients with endo-
metrial cancer noted that removal of >11 nodes was associated with improved
survival in women with grade 3 tumors, but node count had no impact on survival
in those with grade 1 and 2 neoplasms [44]. Data on over 12,000 patients registered
in the Surveillance, Epidemiology, and End Results database suggested that more
extensive lymphadenectomy improved survival for intermediate and high-risk
patients (<50 % myoinvasion and grade 3, > 50 % myoinvasionn, and stages II–IV).
Lymph node count remained significant after adjustment for clinical and demo-
graphic variables as well as receipt of adjuvant radiotherapy [60]. In contrast,
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several retrospective reports have shown no association with lymphadenectomy and
survival, particularly among low-risk patients [51, 62, 63].

Despite potential benefits in prognostication and treatment planning, the most
important question is whether lymphadenectomy ultimately improves survival in
women with apparent early-stage endometrial cancer. Two randomized controlled
trials have now directly addressed this issue [64, 65] (Table 2). The first study
examined 514 women with endometrial cancer apparently confined to the uterus.
Patients were randomizedto either systematic pelvic lymphadenectomy or no
lymphadenectomy. Removal of bulky lymph nodes was permitted in the no lym-
phadenectomy arm. Adjuvant therapy was based on the discretion of the treating
clinician. The study was powered to detect an 8 % difference in 5-year survival. The
median number of pelvic lymph nodes removed in the lymphadenectomy arm was
26, while 22 % of patients in the no lymphadenectomy arm had enlarged nodes and
underwent resection. Only 14 % of the 56 patients with enlarged nodes in the no
lymphadenectomy arm had metasatic disease. Choice of adjuvant therapy did not
differ statistically between the two arms (P = 0.07). Early and late postoperative
complications were more common in the lymphadenectomy arm. After a median
follow-up of 49 months, the recurrence rate was 12.9 % in the lymphadenectomy
arm versus 13.2 % in the no lymphadenectomy arm. Similarly, there was no dif-
ference in survival; 5-year overall survival was 86 % in the lymphadenectomy arm
versus 90 % in the no lymphadenectomy arm (P = 0.50) [64].

A second RCT examining the role of lymphadenectomy, A Study in the
Treatment of Endometrial Cancer (ASTEC), analyzed 1,408 women treated in 85
centers across 4 countries. ASTEC randomized women with apparent uterine
confined disease to either lymphadenectomy or standard surgery without lym-
phadenectomy. Patients underwent a second randomization after surgery for adju-
vant therapy. The study was powered to detect a 10 % improvement in 5-year
survival. The median number of nodes removed in the standard surgery group was
12 while 5 % of women in the no lymphadenectomy arm had some nodal tissue
removed. Operative time and complications were longer in the lymphadenectomy
arm. 5-year recurrence-free survival was 79 % in the no lymphadenectomy arm
versus 73 % in the lymphadenectomy arm while 5-year overall survival was 81 %
in the no lymphadenectomy compared to 81 % in the no lymphadenectomy arm and
80 % in the lymphadenectomy cohort. The authors concluded that pelvic lym-
phadenectomy had no benefit on survival and should not be recommended outside
of clinical trials [65].

3.3 Areas of Uncertainty and Future Study

Despite the publication of 2 randomized trials, the role of lymphadenectomy for
early-stage endometrial cancer remains actively debated [43, 46, 66]. A number of
methodologic concerns have been raised regarding the design of the two clinical
trials. While both trials included quality control, neither trial required para-aortic
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lymphadenectomy and the node counts, particularly in ASTEC, were relatively low
overall [43, 66]. There is growing recognition that isolated para-aortic node
metastases are not infrequent among women with endometrial cancer [52]. Simi-
larly, both trials included a relatively low-risk population in which the overall rates
of lymph node metastases were low. While actively debated, it has been argued that
any benefit of lymphadenectomy is more likely to be detected in a higher risk
patient population. A decision analysis that reviewed many of the statistical
assumptions of the 2 RCTs suggested that a survival difference of 10 % was only
detectable if the rate of isolated pelvic nodal metastasis rose to 15 %. This analysis
concluded that the populations studied in these trials rendered both studies
underpowered to detect a difference in survival [43, 46].

Finally, neither trial had a standard protocol for adjuvant therapy and, as such,
differences in outcome may be due not only to lymphadenectomy, but also to
differences in postoperative treatment. This concern focuses not just on lymphad-
enectomy, but also on endometrial cancer in general where recommendations for
adjuvant therapy are highly variable. Most women with advanced stage disease
(including nodal metastasis) are treated with chemotherapy often combined with
radiation [57]. However, there is now greater recognition that uterine factors may be
nearly as important in prognosis as nodal disease [67, 68]. This awareness has led to
increased use of chemotherapy, often combined with vaginal brachytherapy, for
early-stage tumors [69]. If adjuvant therapy is similar for patients whether or not
they undergo lymphadenectomy then any survival benefit for the procedure would
require a benefit to the resection of microscopic metastatic disease. The changing
patterns of adjuvant therapy may thus further confound trials of lymphadenectomy.

There is much debate about how to proceed to further study the role of lymph
node dissection in apparent early-stage endometrial cancer. To achieve adequate
power, it appears that analysis of a higher-risk patient population enriched for nodal
metastasis will be required to achieve statistical significance [43, 46]. Future pro-
spective trials will likely also need to include sentinel lymph node dissection,
translational science endpoints and quality of life evaluations [43]. However, as has
been pointed, using various treatment appropriations to endometrial cancer, 3-year
survival rates range from 88 to 93 %. The overall favorable prognosis of the disease
raises question as to the value of large scale, randomized trials in this scenario as
these trials, even if designed optimally, would result in very small differences in
survival [43, 46].

Given the difficulties in conducting large-scale randomized trials there is also
clearly room for alternative study designs. Previous observational studies of
endometrial cancer and lymphadenectomy are strongly influenced by selection bias
and likely unmeasured confounding. Particularly as endometrial cancer patients are
elderly and often have substantial comorbidity, a number of measured and
unmeasured factors undoubtedly influence decision making and influence out-
comes. Statistical analysis with newer methodology such as instrumental variable
analysis may help mitigate some of these confounding factors. Large, population-
based studies can not only analyze survival in real world populations but also assess
the impact of lymphadenectomy on downstream decision making. Ultimately
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further work is needed to develop novel imaging strategies and biomarkers that can
perhaps identify high-risk patients without the need for a surgical intervention such
as lymphadenectomy [43].

4 Adjuvant Therapy for Ovarian Cancer

4.1 Background

At the time of diagnosis nearly three quarters of women with ovarian cancer present
with advanced stage disease (stage III or IV). For these women, standard treatment
entails either primary surgery or neoadjuvant chemotherapy. Surgery is typically
followed by adjuvant chemotherapy.

The last three decades have seen significant improvement in the chemothera-
peutic treatment options for women with ovarian cancer [10, 70–72]. In the 1970s
and 1980s treatment often employed agents such as doxorubicin and cyclophos-
phomadie. In the 1980s platinum-analogue showed efficacy for ovarian cancer and
are still considered the most active agents for the disease. A series of studies
completed by the GOG in the United States and by cooperative groups throughout
the world have explored the incorporation of a number of chemotherapeutic drugs,
examined alternative strategies to administer these agents, and tested how novel
biologic agents can be used for the treatment of ovarian cancer.

Despite the advances in the chemotherapeutic armamentarium for ovarian can-
cer, how to choose the best therapy for individual patients often remains elusive.
Increased efficacy of chemotherapy is often accompanied by increased toxicity. A
major challenges for oncologists is how to balance efficacy, toxicity, and quality of
life in decision making.

4.2 Evidence

The standard of care for the adjuvant therapy of advanced stage ovarian cancer
changed rapidly in the mid-1990s with presentation of data examining taxanes in
the treatment of ovarian cancer. GOG protocol 111 randomized 386 women who
underwent suboptimal tumor cytoreduction (>1 cm residual tumor) to 6 cycles of
chemotherapy with either cyclophosphamide and cisplatin or cisplatin and paclit-
axel (Table 3). The overall response rate was 60 % in the cisplatin/cyclophos-
phamide group compared to 73 % in the cisplatin/paclitaxel arm. With a median
follow-up of 37 months, the median progression free survival in was 13 months in
cisplatin/cyclophosphamide arm compared to 18 months in the cispltain/paclitaxel
arm (P < 0.0001). Median overall survival was 24 versus 38 months, respectively
[72]. A similar, confirmatory trial (OV10) was conducted by investigators in
Europe and Canada to compare cisplatin/cyclophosphamide to cisplatin/paclitaxel.
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In this analysis of 680 patients the response rate as well as progression-free and
overall survival were superior in the paclitaxel-treated patients [73].

Subsequent work by the GOG was focused on reducing the toxicity and
enhancing convenience of platinum and taxane based therapy. GOG protocol 158
randomized 792 patients to treatment with either cisplatin and paclitaxel or car-
boplatin and paclitaxel. The study followed a non-inferiority design and found that
the carboplatin/paclitaxel combination was less toxic, easier to administer, and not
inferior to the cisplatin-containing doublet. With these findings the combination of
carboplatin and paclitaxel has remained the most frequently used regimen for
ovarian cancer [30]. Subsequent modifications of the carboplatin/paclitaxel back-
bone for ovarian cancer focused on adding additional cytotoxic agents to upfront
therapy. An international trial of over 4,300 women led by the GOG (protocol 182)
randomized patients to carboplatin and paclitaxel with some combination of
gemcitabine, liposomal doxorubicin, or topotecan given either as triplets or
sequential doublets. The final analysis revealed no difference in survival for any of
the combinations [74].

While the addition of additional cytotoxic agents to initial therapy appears to be
of little value, there has been great interest in alternate ways to deliver cytotoxic
chemotherapy. Intraperitoneal chemotherapy allows the administration of chemo-
therapy directly into the abdominal cavity. Given that ovarian cancer predominately
spreads within the peritoneal cavity, there is a strong rationale for this method of
delivery. Numerous preclinical studies have demonstrated that intraperitoneal
administration of chemotherapy results in a higher cellular concentration of a
number of agents. Similarly, the feasibility of intraperitoneal chemotherapy has
been shown in a number of phase II and phase III trials [10, 75, 76].

One of the first large randomized trials of intraperitoneal chemotherapy was
reported by the Southwest Oncology Group (SWOG) in 1996. In this randomized
controlled trial, 654 patients with optimally cytoreduced ovarian cancer were ran-
domized to intravenous cyclophosphamide and cisplatin or an experimental regi-
men of intravenous cyclophosphamide with intraperitoneal cisplatin. The
intraperitoneal chemotherapy arm was associated with an 8 month improvement in
overall survival (49 vs. 41 months) [75]. Despite the survival benefit demonstrated
with intraperitoneal chemotherapy, there was little attention to this method of
treatment delivery until the publication of GOG protocol 172 in 2006. In this
protocol, 429 women with optimally cytoreduced ovarian cancer were randomized
to intravenous cisplatin and paclitaxel or an experimental arm of intravenous
paclitaxel on day 1, intraperitoneal cisplatin on day 2 and intraperitioneal paclitaxel
on day 8 (intraperitoneal arm). Intraperitoneal chemotherapy was associated with an
improvement in both progression-free (24 vs. 18 months) and overall (66 vs.
50 months) survival. The improved survival was however, accompanied by greater
toxicity. Within the cohort of women who received intraperitoneal chemotherapy,
only 42 % were able to complete all 6 intraperitoneal cycles. Grade 3–4 myosup-
pression, renal, neurologic, infectious, metabolic and hepatic toxicity as well as
fatigue and metabolic events were all more frequent in the intraperitoneal chemo-
therapy arm. While quality of life was worse during treatment for those women in
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the intraperitoneal therapy arm, there was no difference in quality of life 1 year after
treatment [10].

There has also been interest in incorporating novel, molecularly targeted agents
into the upfront treatment of ovarian cancer. To date, the greatest interest has
focused on bevacizumab, a humanized anti-vascular endothelial growth factor [71].
GOG protocol 218 randomized 1,873 women with incompletely resected stage III
and IV ovarian cancer to chemotherapy with carboplatin and paclitaxel to three
arms: placebo, bevacizumab for 6 cycles or bevacizumab during chemotherapy and
as consolidation therapy for a total of 22 cycles. The median progression-free
survival was 10.3 months in the control grouop, 11.2 in the bevacizumab during
chemotherapy arm and 14.1 in the prolonged bevacizumab arm. PFS was statisti-
cally significantly longer in the prolonged bevacizumab arm compared to the
control arm. Median overall survival was 39.3, 38.7, and 39.7 months respectively
[71]. A second study of bevacizumab reported similar results; bevacizumab was
associated with improved progression-free survival [70]. The benefits were greatest
in patients at highest risk for recurrence.

Lastly, as an alternative to delivery of the maximum tolerated dose of intrave-
nous chemotherapy, recently studies have explored combinations using more fre-
quent, lower doses of these agents (dose dense chemotherapy). The Japanese
Gynecologic Oncology reported long-term results of a dose dense chemotherapy
regimen for adjuvant therapy (JGOG protocol 3016). In this study, 631 women with
stage II-IV ovarian cancer were randomly assigned to carboplatin and paclitaxel
every weeks or to carboplatin on day 1 and paclitaxel on days 1, 8 and 15 of a
3 week cycle. With a median follow-up of 77 months, the investigators found an
improvement in both progression free (28 months vs. 17 months) and overall
(101 months vs. 62 months) survival for women who received dose dense treat-
ment. The improvement in survival was most pronounced in those women with
suboptimally cytoreduced tumors. Grade 3–4 anemia was more common in the dose
dense group, but both regimens were relatively well tolerated [77, 78].

4.3 Areas of Uncertainty and Future Study

Data from a variety of sources and using a number of study designs can help inform
the debate regarding the best adjuvant therapy for advanced stage ovarian cancer.
Currently, standard therapy remains carboplatin and paclitaxel administered every
3 weeks. Intraperitoneal chemotherapy has been consistently associated with
improved overall survival but also accompanied by substantial toxicity [10]. The
addition of bevacizumab appears to improve progression-free survival, particularly
if administered for a prolonged course, but this therapy has not resulted in improved
overall survival, is associated with added toxicity and substantial cost [70, 71].
Finally, dose dense paclitaxel resulted in impressive survival improvements but this
data is based on one study outside of the United States [77, 78].
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To help tailor a number of prospective, phase III trials are currently underway.
Many of these studies are cooperative group trials and are comparing strategies of
standard intravenous chemotherapy, dose dense chemotherapy, intraperitoneal
chemotherapy and bevacizumab in various combinations. Many of these trials are
also focused on developing less toxic regimens to enhance the therapeutic profile
and minimize impact on quality of life.

While randomized controlled trials are optimal for minimizing bias, a major
concern is that these trials often lack generalizability to “real world” populations.
Particularly in the cooperative group setting, trial inclusion criteria are often
extensive with exclusion of elderly patients and those with comorbid medical
conditions. While RCTs maximize precision, the results may not be directly
applicable to the daily practice of oncology. A recent analysis compared eligibility
and outcomes of patients treated on 21 SWOG trials to non-trial participants from
throughout the United States captured through analysis of SEER. The analysis
noted that trial participants were significantly younger than non-trial participants
with similar tumors. Among 11 good-prognosis studies trial participation was not
associated with survival. However, among 10 poor-prognosis studies survival was
better in trial participants. The impact of trial participation was predominately noted
in the first year after treatment likely due to the exclusion of patients with
comorbidity [79].

To help design treatment strategies for real world populations, observational data
and comparative effectiveness studies are of great utility [80]. Unlike randomized
trials, these studies can show actual treatment trends in community practice and
examine risks and benefits in specific patient populations or groups of subjects with
particular characteristics. A major limitation of observational data is confounding,
both measured and unmeasured. Newer methodology to help limit this bias is now
more commonly employed for oncology studies [81–83].

In oncology there is now a greater focus on quality of life. One aspect of
measuring quality of life is specifically examining outcomes that matter to patients.
While patient-reported outcomes (PROs) are now being more frequently described,
many oncology trials are still designed with insufficient focus on PROs. A recent
systematic review examined PROs in randomized trials of brain tumors. Among 14
RCTs including over 3,000 patients, only 2 studies incorporated PROs that suffi-
ciently satisfied methodologic criteria to provide high-quality PROs [84]. Use of
PROs in gynecologic oncology remains in its infancy and clearly this will be a
focus of study over the next decade.

Finally, there is growing concern about the cost of incorporating new therapeutic
agents into the treatment regimens. In particular, controversy has surrounded use of
bevacizumab for solid tumors [85, 86]. In a cost-effectiveness analysis of treatment
strategies using bevacizumab for ovarian cancer based on the results of GOG 218,
the costs of treatment for patients on each arm were approximately $2.5 million for
carboplatin/paclitaxel, $21.4 million for carboplatin/paclitaxel and initial bev-
acizumab and $78.3 million for carboplatin, paclitaxel and extended bevacizumab.
This translated into an incremental cost-effectiveness ratio of $479,712 per pro-
gression-free life-year saved for initial bevacizumab and $401,088 per progression-
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free life-year saved for prolonged bevacizumab [85]. These studies highlight the
difficulty in utilizing costly new drugs of uncertain value. Clearly moving forward
with cost constraints on oncology, decision analyses and cost effectiveness studies
will play an important role in helping to shape public policy for the treatment of
gynecologic malignancies (Tables 1, 2 and 3).
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