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Chapter 1
Introduction

M. Alma Rodriguez

The University of Texas MD Anderson Cancer Center, which began operations in
1944, was designated one of the first three comprehensive cancer centers in 1971
under the National Cancer Act and has kept that designation ever since. The first
leader of the institution, Dr. Randolph Lee Clark, was a visionary who, from the
onset of planning the institution, understood the importance of having an integral
record of the many cancer patients treated at the institution and of their survival
outcomes. He therefore included, as part of the institution’s operational plan, a
tumor registry that since 1944 has continuously captured the story of the treatment
and outcome of every patient who has walked through the doors of the institution.
This uninterrupted data repository, unique in its consistency throughout the institu-
tion’s history, permits us to retrospectively analyze the changes in survival outcome
made within the setting of our cancer-specific care-delivery system over the past
60 years. This monograph is the result of a retrospective review of our Tumor
Registry data across six decades and presents a snapshot of the parallel history of
cancer care at the institution.

As you will see, survival outcomes, in general, have significantly improved for
cancer patients across nearly all disease sites during those 60 years. In some dis-
ease categories, this change has been dramatic even for disseminated stages of the
disease, whereas in others, such as lung cancer, relatively a little has changed over
the course of more than half a century. In the major solid tumors, such as breast
and prostate cancers, as well as in gastrointestinal malignancies, very significant
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2 M.A. Rodriguez

improvements in outcome have been seen for locally invasive presentations. These
improvements can be attributed to multiple factors, but we believe a key element
is our disease-based model of care, which integrates multidisciplinary planning
and management focused on each specific cancer. Hence, the significant improve-
ments in breast malignancies, for example, can be attributed to concurrent appli-
cation and improvements in multiple disciplines: progressively better and more
accurate diagnostic imaging tools, increasingly effective adjuvant chemotherapy,
progressively refined surgical interventions, and progressively advancing radio-
therapeutic technologies. All of these modalities and processes have been inte-
grated into algorithms of care for each disease category and are updated as new
evidence arises that requires change in disease management. A sample algorithm
is illustrated in Fig. 1.1.

Another very important and critical part of the care-delivery design at MD
Anderson has been the inclusion of clinical research. Applying the advances made
in research to the bedside care of patients, a process summarized in this monograph,
has been a driving force at our institution. In situations where clinical investigation
is a priority, our clinical care algorithms integrate this recommendation.

The improvements made in cancer outcome across six decades have been incre-
mental and stepwise and do not rely on any single strategy. These improvements
have been achieved by integrating the efforts of multiple disciplines. Furthermore,
increasing public awareness of the importance of cancer screening and making these
screening methods more readily accessible have led to the detection and manage-
ment of cancer at earlier stages, which can make an enormous difference in terms of
survival outcome.

The Tumor Registry is not just a history of cancer care at MD Anderson. It has
been a cornerstone for outcomes research and has been instrumental to our clini-
cians publishing many articles that have influenced cancer care practices. We believe
that the Tumor Registry will lead to even bigger contributions to cancer care as
information technologies develop. The continually evolving electronic medical
records technologies, we hope, will lead to structured documents that standardize
clinical terminology and data capture. This would result in more consistent informa-
tion that would be comparable not only within but across institutions. Furthermore,
it is critical to have centralized data that continuously and consistently capture
meaningful clinical outcomes. Tumor registries in the future should be increasingly
integrated with medical records to ensure more timely and complete data capture.

The value of any care-delivery system is ultimately defined by incremental
improvements and consistently sustained good results. We believe that health care
delivery that focuses on a group of diseases, self-reflects, self-corrects, and inte-
grates research in all aspects of the management of illness, in a continuum and with
consistency, can result in sustained outcome improvement.
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Chapter 2
History of MD Anderson’s Tumor Registry

Sarah H. Taylor

The Tumor Registry Department at The University of Texas MD Anderson Cancer
Center is responsible for a database that contains demographic and disease informa-
tion for all patients assigned a medical record number at MD Anderson, starting
with the first patient registered on March 1, 1944. In its function as a hospital regis-
try, the Tumor Registry database contains information about every patient seen at
the institution, regardless of the patient’s final diagnosis. The institution has always
focused on cancer, and every patient has come to the institution because of a cancer-
related issue: some with a malignancy, some with a benign or nonneoplastic condi-
tion, and some to rule out cancer. Because of this, each patient’s information is of
value to the hospital.

The institution, originally named the Texas State Cancer Hospital and the
Division of Cancer Research in 1941 and then renamed to MD Anderson Hospital
for Cancer Research of The University of Texas in 1942, had two purposes from its
beginning—to conduct cancer research and to provide care for cancer patients. The
registry database was initially established in September 1948 and was housed in the
Department of Epidemiology. Eleanor Macdonald was appointed as Professor of
Epidemiology and department head.

Miss Macdonald is known as the first cancer epidemiologist. Before coming to
MD Anderson, she worked for the Massachusetts Department of Public Health,
where she was the first to precisely determine incidence rates for cancer, and for the
Connecticut State Health Department, where she developed the first population-
based cancer registry and conducted the first vital status follow-up for cancer
patients [1].

By the time Miss Macdonald arrived at MD Anderson in 1948, a total of
2,857 patients had come to the hospital. Under Miss Macdonald’s leadership, a
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6 S.H. Taylor

multifunctional department was established, and its responsibilities included
abstraction of data, patient vital status follow-up, epidemiological research, and
consultative services for basic and clinical researchers ([2], p. 41). In this new
department, Dr. R. Lee Clark, MD Anderson’s first president, established a section
of information and statistics. Miss Macdonald developed a code of 200 pertinent
items applicable to each patient that were designed in anticipation of requests for
information for administrative, clinical, and research areas ([2], p. 107). The depart-
ment also developed and maintained an IBM data processing unit to facilitate access
and use of data. Information was stored on punch cards for each case and then
stored in indices for “easy recall” ([2], p. 198). This processor made possible con-
stant evaluations as well as monthly and annual assessments.

The handbook for tumor clinic secretaries that Miss Macdonald developed in
1956 at MD Anderson was an outgrowth of one used to train workers at the
Connecticut State Health Department. That handbook was eventually sent to every
hospital in Texas. At the request of the American College of Surgeons (ACoS), the
handbook was also sent to every general hospital in the United States and Canada.
The handbook was designed to enable workers without any other source of instruc-
tion to build a hospital cancer registry and follow-up service that would fulfill the
requirements of the ACoS ([2], p. 315).

Miss Macdonald stepped down as head of the department in 1974. When Vincent
Guinee, M.D., who had been an epidemiologist for the City of New York Health
Department, became the department head in 1976, the database contained informa-
tion on more than 112,000 patients. Under Dr. Guinee, the department, which
changed its name to Patient Studies, continued to collect a well-defined and consis-
tent data set on each patient and to assist researchers within the institution.

In 1979, the 66th Legislature enacted the Texas Cancer Control Act (House Bill
853), which created the Cancer Registry Program within the Texas Department of
Health, making cancer a reportable disease [3]. Because of this need to have submit-
table data and to facilitate internal data retrievals, Dr. Guinee had the registry data
moved to a mainframe NOMAD database.

Under the guidance of Dr. Guinee and at the direction of Dr. Clark, MD Anderson
founded the International Cancer Patient Data Exchange System, which was funded
by the International Union Against Cancer (UICC). Under this system, data from
the registries at MD Anderson, Roswell Park Cancer Institute, Memorial Sloan-
Kettering Cancer Center, and 11 other institutions in 10 other countries were com-
piled into one massive database. With this large number of patients, collaborative
studies of rare cancers were carried out.

Dr. Guinee was head of the Department of Patient Studies until 1994. When he
left, the database had grown to include more than 315,000 patients.

Since 1995, the department has been under the Office of the Physician-in-Chief.
That year, the mainframe database was converted to 4th Dimension (4D), where it
still resides. The customized in-house software makes possible the continuation of
consistency in the collection of data over the span of the institution and makes pos-
sible inclusion of past histories of cancer and nonmalignant diagnoses that were
originally thought to be cancer. The software also allows retension and expansion of
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query tools that were initially developed on the mainframe. These query tools are
essential for the extensive institutional use of the data for research and administrative
purposes. As of December 31, 2011, the database contained information on more
than 850,000 patients.

Registry Operations

Information is collected for all malignancies over the life of the patient, benign
neoplasms seen at MD Anderson, and nonneoplastic conditions that affect the
patient’s cancer treatment or constitute the only diagnosis for the patient.

The MD Anderson Tumor Registry staff provide annual vital status follow-up of
patients who currently have or had malignant disease, including foreign patients
and patients not definitively treated at MD Anderson. This comprehensive follow-
up structure provides the fundamental outcomes information necessary to conduct
research on a broad spectrum of clinical research topics.

Responsibilities of the Coding Section

The Coding Section of the Tumor Registry is responsible for abstracting demo-
graphic and disease information for all patients registered at MD Anderson. The
following describes the specific activities of the Coding Section.

Identification and Processing of New Patient Information

On the sixth day of each month, the Coding Section manager downloads a file of all
medical records assigned to new patients during the previous month. Patients’ demo-
graphic information captured during registration is also downloaded. The medical
record numbers and demographic data are read into the 4D database, the transac-
tional database used by the Tumor Registry. This read-in process includes several
edits. Designated coders are responsible for resolving errors in the data and assign-
ing codes for each patient’s referral diagnosis. Certain errors are reported back to the
Referral Office so the correction can be made to the institution’s system. Once
demographic information has been processed, it becomes part of the available Tumor
Registry data and awaits abstracting of disease information by the coding staff.

New Patient Abstracting
The Coding Section of the Tumor Registry is responsible for abstracting information

from the charts (either electronic or paper) of each patient who registers at MD
Anderson. Abstracting is done no sooner than 4 months after a patient registers.
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This allows adequate time to elapse for the charts to contain definitive staging infor-
mation and final pathology reports and for the first course of therapy (defined as
therapy given during the first 4 months after registration) to be completed at MD
Anderson. Completion of coding of data for newly registered patients from any given
month usually takes 2 months. Categories of data abstracted include additional
demographic information, malignant neoplasm information (including site, histol-
ogy, stage, treatment before admission to MD Anderson, treatment at MD Anderson,
and sites of metastases), benign neoplasm information (including site, histology,
treatment before admission to MD Anderson, and treatment at MD Anderson), and
pertinent nonneoplastic conditions and follow-up information (including vital status,
date of last contact/death, method of follow-up). The staff of 13 abstracters recorded
information for approximately 44,000 new patients during 2011.

Once new patient abstracting is completed for a given month, the disease infor-
mation becomes available for data retrievals by department staff and is also avail-
able to hospital staff from Clinic Station and the institution’s data warehouse.

Reabstracting After Notification of Death

The Follow-up Section of the Tumor Registry identifies patients who have died (see
Responsibilities of the Follow-up Section) and provides that information to the
Coding Section. The Follow-up Section is currently verifying approximately 10,000
patient deaths per year. The Coding Section is responsible for recoding the charts of
these patients. At this final death coding, any new cancers, treatments, or metastases
that occurred since the last coding (usually the coding that was done 4 months after
registration) are abstracted, and the vital status and death information are updated in
the database.

Second Primaries

Once a month, the Pathology Department provides the Tumor Registry Department
with a file of all pathology reports from the previous month. The Coding Section
uses this file to identify living patients with primaries that developed after initial
coding. The file of more than 8,000 pathology report codes is reduced electronically
to about 300 possible new cancers. A review by the abstracting staff of each of these
300 reports results in about 100 new cancers per month being coded and added to
the database.

Quality Assurance of Coded Data
Once data have been abstracted from a chart, they are “saved,” at which point the

computer edit program is run. Any errors detected by the edit program are corrected
by the coder. The coder then gives the chart to another coder who accesses the
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checking screen to verify site, histology, and stage. Through this process, the coders
are able to provide visual verification of the site, histology, and stage for 100% of
the charts abstracted. In more difficult cases, the manager of the Coding Section
contacts physicians to ensure that the most accurate information is abstracted. In
addition, feedback from data users is used to enhance data quality.

Responsibilities of the Follow-Up Section

The Follow-up Section is responsible for obtaining the vital status of every MD
Anderson patient with a diagnosis of cancer on an annual basis. During 2011, last
contact information was updated for almost 140,000 patients in our registry.

The records of patients who have been seen at the institution within the year are
updated by computer matches with information from appointment data, resulting in
an updated “alive” status. In 2011, the last contact date was updated with the
appointment date for more than 85,000 patients. Passive follow-up includes
matching patients with a malignant diagnosis and a “vital” status of not known dead
with death certificate tapes from the Bureaus of Vital Statistics (BVS) in Texas,
New Mexico, and Oklahoma. Monthly death information from the BVS is com-
pared with data for MD Anderson patients with cancer who are not known to be
dead. Typically, data for more than 200,000 MD Anderson patients are compared
with data for more than 15,000 new BVS-recorded deaths each month.

Active follow-up involves directly contacting the patient. The active follow-up
process is separated into follow-up cycles during the given year to break the workload
into manageable groups of patients. The active follow-up process includes selecting
patients to be monitored in the cycle, creating computer-generated letters to be sent to
patients, and making telephone calls to patients who do not reply to letters.

In the past year, more than 70,000 computer-generated letters were sent to more
than 40,000 patients. A second letter is sent only if there is no response to the first
letter, and a third letter is sent if neither of the first two letters is responded to. A maxi-
mum of three letters is sent, and the text of each of the three letters varies from that of
the other letters. These letters have a response rate of 70-75%. Of the letter responses,
4 of 10 include a positive comment such as “thanks for your concern,” “we appreciate
your interest,” or “thank you for caring.” Patients who do not reply to the correspon-
dence are contacted by telephone. This information is updated into the patient data-
base, and the returned bar-coded letter is now scanned into the patient’s chart.

A patient is eligible for a follow-up letter if the following criteria are met:

* Registered on or after January 1, 1962
* Not known to be dead
* Diagnosed with cancer (excluding non-melanotic skin malignancy)

From the above, the following patients are removed:

» Patients contacted within the past 12 months
e Patients with an appointment scheduled within the next 6 months
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» Patients registered when younger than 18 years who are currently younger
than age 18

» Patients with stop contact flags

* Patients in the Suspected Dead File (Hold File)

The follow-up letters are sent directly to the patient, not to a physician.

Death Processing

The three major sources of death information are (1) the Bureau of Vital Statistics
of Texas, (2) follow-up letters and phone calls, and (3) communication from MD
Anderson employees. The follow-up staff verify death information of more than
10,000 patients annually. A verified death list, averaging 900 patients, is distributed
monthly to more than 40 MD Anderson departments.

Suspected Death File (Hold File)

The Follow-up Section maintains the Suspected Death File, also known as the Hold
File. The Hold File is a database that lists all patients about whom death information
has been received but not yet coded. The purpose of the Hold File is to avoid contact-
ing patients who are suspected dead and to start the process of verifying their deaths.
After the patient death has been verified, it can be coded and updated to the registry.

ACoS Follow-Up Results

In April 2010, the ACoS conducted an accreditation site visit at MD Anderson. The
Tumor Registry’s annual follow-up rates were calculated for the site visit based on
the following ACoS criteria for identifying patients who are eligible for follow-up:
(1) the patient has been registered since our reference date of January 1962; (2) the
patient has a malignant diagnosis (not including carcinoma in situ of the cervix or
basal or squamous cell skin cancer); (3) the patient is a U.S. resident; and (4) the
patient is an “analytic” case (i.e., the first course of treatment was received at MD
Anderson). Of the patients registered at MD Anderson between January 1962 and
August 2009, a total of 148,942 analytic cases were, by ACoS definition, eligible for
follow-up. The follow-up rates for this population were 92% of all patients and 97%
for patients who were registered within the past 5 years.

Data Utilization Activities

The Tumor Registry database is designed to be used for clinical and epidemiologic
research. The database contains demographic information about the patients and a
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set of variables that are applicable to all cancers. The data allow a researcher to
identify a population meeting specific criteria from which the researcher can focus
on a specific topic. Because of the large volume of patients accessible from the
database, researchers are able to have ample patients for retrospective case control
studies, comparative studies within the institution’s patient population, and survival
studies comparing subsets of study populations.

The data are also used in combination with other data sets here at the institution,
particularly data contained in the institution’s data warehouse. The Tumor Registry
data have been used to enhance financial data and operational data from our patient
population that can then be used to analyze operations and projections for decisions
on the institution’s future operations, create financial models, carry out strategic
planning, and determine market shares.

In addition to in-house use, Tumor Registry data are submitted to the Texas
Cancer Registry and to the American College of Surgeons’ National Cancer Database
to fulfill the institution’s compliance requirements.

Summary

In many ways, the functionality of the department has not changed much in the past
60-plus years. The mission of the Tumor Registry Department continues to be to
collect, analyze, and disseminate high-quality data on each patient registered at MD
Anderson. The abstractors continue to collect a well-defined and consistent set of
data on each patient who registers at the institution. The follow-up staff continue to
update the vital status of our patients. The epidemiologists continue to provide
information to our researchers. In other ways, things have changed dramatically.
Collection of data has moved from index cards to paper code sheets to electronic
entry. Where once paper medical records, some weighing up to 20 pounds, were the
only source for patient data, clinical information is now available virtually entirely
in electronic form. Furthermore, the ability to link to other data sets within the insti-
tution has added tremendously to the value of the registry data.
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Chapter 3
Statistical Methods

Geoffrey G. Giacco, Sarah H. Taylor, and Kenneth R. Hess

Introduction

Long-term progress in cancer treatment can be assessed meaningfully with
high-quality data from a cancer registry. This monograph examines changes in can-
cer survival by decade over a 60-year period at a single institution. However, these
statistical assessments are subject to several difficulties in interpretation. These
potential biases notwithstanding, measurements based on high-quality data that are
collected in a standard way over a long period can add to our compendium of
knowledge.

Patient Selection Criteria

The patient data used in this monograph came from The University of Texas MD
Anderson Cancer Center Tumor Registry. To be included in the analyses, patients
had to have registered and presented at MD Anderson between March 1944 and
December 2004. Patients were included if they had received definitive treatment at
MD Anderson but were excluded if they had received any cancer treatment before
coming to this institution. Patients were also excluded if they had had primary
tumors at more than one site, except for superficial skin cancers. If a patient had
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more than one primary cancer of the same site, the patient was included in these
analyses only if the first of those cancers had been treated at MD Anderson.

Observed survival was calculated from the date of initial presentation to MD
Anderson until the date of last contact or death. Ten-year survival analyses were
performed for patients who initially presented between 1944 and 2004. This time
span was selected because it would result in at least 10 years of follow-up for
patients initially presenting between 1944 and 1999 and allow adequate follow-up
for patients presenting between 2000 and 2004.

Time periods were defined in 10-year increments, except for the first period, which
covered March 1944 to December 1954. The 10-year increments display changes in
survival over the operating span of the institution. Although the break-points may not
coincide with dates of changes in treatments that affected survival for specific sites,
the narrative within the chapters will address those changes as appropriate.

Extent of Disease and Summary Stage

For all cancer patients registered since 1 March 1944, the MD Anderson Cancer
Center Tumor Registry has captured the Surveillance Epidemiology, and End
Results (SEER) stage of cancer at the time the patient first presents to MD Anderson.
The SEER staging system is consistent across all cancer sites and therefore accom-
modates epidemiologic activities and comparisons.

The chapters in this monograph for solid tumors refer to localized, regional, and
distant stages, which were based on the SEER stages [1]. Patients with in situ and
unknown stages were included in the overall survival curves but were excluded
from the stage-specific curves. In this monograph, only overall survival curves are
presented for patients with lymphoma, leukemia, and myeloma.

The SEER program uses a basic staging system with five levels: in sifu tumors
are those that have not yet broken through the adjacent basement membrane. The
term localized describes tumors, regardless of size, that are confined to the organ of
origin. Regional tumors are those that have metastasized to the regional lymph
nodes or have extended directly from the organ of origin. Distant describes a tumor
whose metastases have traveled to other parts of the body or extended to a distant
site (leukemia and myeloma are considered distant at diagnosis). When information
is not sufficient to assign a stage, a cancer is said to be unstaged or unknown [2].

Follow-Up

The follow-up section of the MD Anderson Cancer Center Tumor Registry has main-
tained a 92-95% follow-up rate (based on American College of Surgeon Standards)
for vital status in analytical patients over the past two decades. Patients who presented
in December 2004 have potentially 55 months of follow-up at the time of analysis in
August 2009. Most of the analyses were conducted in August 2009.
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For further description of the follow-up procedures, see the “History of MD
Anderson’s Tumor Registry” chapter.

Analyses

Data were analyzed with use of PASW Statistics (formerly SPSS statistics) 17.0
(Chicago, IL). Survival-time distributions were estimated by using the Kaplan—
Meier product-limit method [3]. This approach provides valid estimates of survival
probabilities, even when patients are lost to follow-up or are still alive at the time of
data collection. We used the trend-version of the log-rank test [4] to assess the dif-
ferences in survival time distributions between groups. This test is sensitive to sur-
vival differences that are ordered with respect to the year of initial presentation at
MD Anderson.

Potential Biases

Early Detection and Screening

The introduction of successful screening programs typically leads to earlier detec-
tion of lower-stage tumors and thus to improved overall survival rates (since patients
with lower-stage tumors tend to live longer than those with higher-stage tumors).
Therefore, observed improvements in overall survival rates may be the result of suc-
cessfully implemented screening rather than the result of improvements in
treatment.

In rare cases, a new screening program may result in the detection of cancer in
the preinvasive phase and subsequent decrease in survival of invasive cancers (since
such screening is more likely to detect lower-stage slow-growing tumors, but not the
higher-stage faster-growing tumors, resulting in lower survival).

Although early detection due to screening may lead to changes in the overall
survival curves, it does not affect the stage-specific survival curves. Thus, it is
important to consider stage-specific survival in addition to overall survival when
assessing changes in survival over long periods of time.

Changes in Diagnostic Criteria and Procedures

The introduction of new criteria and/or procedures for diagnosing cancer can lead
to a phenomenon known as stage migration, which occurs because the new approach
is more sensitive and leads to some patients being diagnosed at more advanced
stages. In particular, as technology has improved, metastatic tumors have become
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easier to diagnose; thus, in some cases, previously diagnosed local/regional-stage
disease is now being diagnosed as distant-stage disease. As a result of this phenom-
enon, patients with the worst prognoses (i.e., those with occult metastatic disease)
have been moved from the local/regional-stage designation to the distant-stage des-
ignation. Since these patients tend to have a better prognosis than do patients with
frank metastatic disease, this “migration” from the local/regional stage to the distant
stage resulted in an apparent improvement in survival among patients with a distant-
stage designation. Since patients with occult metastatic disease (previously in the
local/regional stage) tend to have a worse prognosis than do those with true local/
regional disease, their removal from the local/regional stage designation resulted in
an apparent improvement in survival among patients with a local/regional-stage
designation. Thus, this instance of stage migration seemed to improve the survival
of both local/regional-stage and distant-stage patients.

Although stage migration does not change overall survival rates for a given can-
cer, it can change stage-specific survival rates. Thus, it is important to consider
stage migration as a potential explanation for improvements seen in stage-specific
survival over time. It is also important to consider changes in overall survival in
addition to changes in stage-specific survival.

Improvements in Supportive Care

Improvements in supportive and palliative care over time can lead to improvements
in survival over time, even in the absence of improvements in cancer-directed ther-
apy. Supportive care consists of nursing, respiratory therapy, physical therapy, cog-
nitive therapy, behavioral therapy, cardiotherapy, infection control, and pain
management, among others. Some improvements might be institution-wide, whereas
others might occur in specific cancer clinics. Such improvements can lead to both
improvements in quality of life for patients and improvements in survival and should
be considered when interpreting improving trends in survival over time.

Changes in Patients’ Prognostic Profile

Because our comparisons span such a long period of time, it is possible that the
prognostic mix of patients with a particular cancer has changed over that period.
If increasingly lower-risk patients were seen over time, then the overall survival
may appear to improve over time, even without any improvements in cancer ther-
apy. Since survival analyses are not adjusted for these changes in prognostic risk,
care must be taken when interpreting improvements in survival over time.
Improvements in survival may be wholly due to improvements in cancer-directed
therapy, or they may be in part due to improvements in patients’ risk profile.
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Conclusion

This monograph assesses changes in cancer survival over a 60-year period at MD
Anderson Cancer Center. For most cancer sites, we provide overall survival curves
and stage-specific survival curves. We computed 10-year survival curves grouped
by decade. In this chapter, we have described the methods used for identifying the
patients for analysis, for collecting follow-up data, and for estimating survival
curves. We also pointed out some potential biases that complicate the interpretation
of the reported survival curves.
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Chapter 4
Breast Cancer

Aman U. Buzdar, Thomas A. Buchholz, Sarah H. Taylor,
Gabriel N. Hortobagyi, and Kelly K. Hunt

Introduction

The treatment of breast cancer has evolved over the past 60 years. Earlier efforts,
focused on achieving optimal control of local disease, ranged from radical mastecto-
mies to lesser surgeries combined with irradiation. Surgery has been and remains an
integral part of the overall therapy for this disease. With developments in therapeutic
radiation technology at MD Anderson Cancer Center, the concept of breast-preserving
surgery combined with irradiation became a reality in selected patients. In patients
with locally advanced breast cancer, before the availability of effective systemic
therapies, preoperative irradiation followed by surgery was a standard approach at
this institution, and in a number of patients treated with this approach, adequate local
control and long-term benefits were achieved [1] (Figs. 4.1, 4.2, and 4.3).
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Fig. 4.1 Overall survival rates for women with breast cancer (1944-2004) (P <0.0001, log-rank

test for trend).
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Fig. 4.2 Survival rates for women with local (SEER stage) breast cancer (1944-2004) (P <0.0001,

log-rank test for trend).

Historical Perspective

The increased availability of systemic therapies with significant antitumor activity in
patients with metastatic breast cancer and the subsequent incorporation of some of
these therapies in the combined-modality approach of locally advanced breast cancer
have resulted in better local control of the disease and have improved survival rates
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Fig. 4.3 Survival rates for women with regional (SEER stage) breast cancer (1944-2004)
(P<0.0001, log-rank test for trend).

in this subset of patients [2-6]. At MD Anderson Cancer Center, new therapeutic
advances are incorporated into the clinical care of patients early on, and this approach
has resulted in improved survival rates in patients within each stage of disease, as
illustrated in this chapter. Early in the history of our institution, a combined-modality
approach for cancer treatment, and more specifically for breast cancer, was imple-
mented and remains the cornerstone for management of this disease. In this chapter,
the progressive improvements in survival rates in female breast cancer at MD
Anderson are discussed.

The MD Anderson Cancer Center Experience

Patients and Methods

Between 1944 and 2004, a total of 56,864 patients with breast cancer were seen at
MD Anderson Cancer Center. Of these patients, 15,327 had received no prior ther-
apy. The population that was included in further analyses (12,809 patients) con-
sisted of those with no history of other invasive cancers except superficial skin
cancer who received their definitive therapy for breast cancer at MD Anderson
(Table 4.1).

The extent of disease on initial presentation was determined according to the
Surveillance, Epidemiology, and End Results (SEER) staging system (Table 4.2).
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Table 4.1 Distribution by SEER stage of women with breast cancer treated at MD Anderson,
1944-2004

SEER stage at presentation

In situ Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 1 (0.2) 120 (29.3) 191 (46.6) 92 (22.4) 6 (1.5) 410 (100.0)
1955-1964 9 (0.6) 462 (31.9) 656 (45.3) 306 (21.1) 16 (1.1) 1,449 (100.0)
1965-1974 35 (2.5) 440 31.7) 566 (40.8) 321 (23.1) 25(1.8) 1,387 (100.0)
1975-1984 55 (2.8) 701 (35.4) 828 (41.8)  367(18.5) 32(1.6) 1,983 (100.0)
1985-1994 182 (6.2) 1,036 (35.4) 1,268 (43.3) 364 (12.4) 77 (2.6) 2,927 (100.0)
1995-2004 585 (12.6) 1,898 (40.8) 1,569 (33.7) 455 (9.8) 146 (3.1) 4,653 (100.0)
Total 867 (6.8) 4,657 (36.4) 5,078 (39.6) 1,905 (14.9) 302 (2.4) 12,809 (100.0)
SEER Surveillance, Epidemiology, and End Results program

Results

Overall survival of patients, regardless of the stage of disease, is illustrated in Fig. 4.1.
This figure illustrates a steady improvement in survival duration among breast can-
cer patients treated at this institute during the past six decades. The management of
breast cancer evolved over these decades and is briefly discussed below.

Survival Outcomes and Localized Disease

Adjuvant Therapies

Chemotherapies. Anthracycline-based adjuvant chemotherapies have been evalu-
ated at MD Anderson Cancer Center since the mid-1970s. Data from the initial stud-
ies demonstrated a significant reduction in the risk of recurrence in breast cancer
patients after local therapy [7—10]. This reduced risk of recurrence was independent
of stage of disease, nodal status, and age of the patient. In the initial studies, chemo-
therapy was continued for 2 years [9]. In subsequent clinical trials, a shorter duration
of chemotherapy resulted in similar benefit. Inclusion of alternate non-cross-resistant
therapies with methotrexate and vinblastine after FAC adjuvant therapy further
reduced the risk of recurrence. After taxanes became available, the addition of pacli-
taxel in adjuvant therapy achieved a further reduction in the risk of recurrence.

Endocrine therapies. After anastrozole was shown to have a better therapeutic index
than that of either progestin or tamoxifen therapy in hormone receptor-positive meta-
static breast cancer in postmenopausal women, the role of anastrozole was evaluated
in a large multinational trial. In the Arimidex, Tamoxifen, Alone or in Combination
(ATAC) study, the safety and efficacy of anastrozole alone, of tamoxifen alone, and of
combined anastrozole and tamoxifen were compared. On the basis of the initial data
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Table 4.2 Initial presentation according to SEER staging system

In Situ (including noninfiltrating intraductal or lobular)
Localized
Primary tumor involving:

Breast tissue only (may be described clinically as fixation of tumor within breast, but not to
skin, skin dimpling, tethering, or retraction)

Nipple and/or areola (may be described clinically as nipple and/or areola attachment,
thickening, induration, retraction, or involvement, Paget’s disease of nipple [including
ulceration of nipple] with or without underlying invasive cancer)

Clinical observation such as adherence, attachment, fixation, induration, thickening of skin
do not alter classification

Regional
Direct extension
Primary tumor of any size with:

Invasion of subcutaneous tissue, skin infiltration of primary breast, skin edema, peau
d’orange, “pigskin,” en curraise, lenticular nodules, inflammation of skin, erythema,
ulceration of skin of breast, satellite nodules in skin of primary breast

Pectoral fascia or pectoral muscle involvement (may be described clinically as underlying
tissue fixation or attachment)

Invasion of (or fixation to) chest wall, ribs, intercostal or serratus anterior muscles
Regional lymph nodes
Low axillary (adjacent to tail of breast)
Mid axillary: central, inter-pectoral, Rotter’s node
High axillary: subclavicular, axillary vein nodes, apical
Axillary, NOS
Internal mammary (parasternal)
Nodules in axillary fat
Distant
Direct extension or metastasis
Skin over sternum, upper abdomen, axilla or opposite breast
Satellite nodule(s) in adjacent skin
Breast, contralateral
Adrenal gland
Ovary
Other distant involvement: bone, brain, liver, lung
Distant lymph nodes
Infraclavicular
Supraclavicular (transverse cervical)
Cervical, NOS
Axillary and/or internal mammary, contralateral
Other distant nodes

from this 33-month trial, anastrozole-alone adjuvant therapy was associated with lower
risk of recurrence than was tamoxifen-alone therapy; the combination of anastrozole
and tamoxifen, however, did not demonstrate an advantage in efficacy or safety and
was discontinued [11]. The initial study results changed our approach to endocrine
adjuvant therapy, and anastrozole was accepted as the preferred initial endocrine ther-
apy for postmenopausal women with hormone receptor-positive disease at our institu-
tion [12]. Subsequently, follow-up data from this trial and from other aromatase
inhibitor trials have confirmed the superiority of aromatase inhibitors over tamoxifen.
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Biologic Therapies

In patients with metastatic HER-2-positive breast cancer, inclusion of trastuzumab
with chemotherapy resulted in higher response rates compared with chemotherapy
alone, longer disease control, and improved survival [13]. In the late 1990s, the role
of trastuzumab was evaluated at our institution in a randomized trial of patients with
localized breast cancer and HER-2-positive disease [14]. In this clinical trial,
patients were treated with either paclitaxel for 12 weeks followed by four cycles of
5-fluorouracil, epirubicin, and cyclophosphamide (FEC) chemotherapy alone for
24 weeks or with the same chemotherapy with concurrent trastuzumab therapy.
Initial data from this study illustrated that patients treated with combined chemo-
therapy and trastuzumab had significantly higher pathologic complete remission
rates than did those treated with chemotherapy alone. The control arm of this study
was stopped, and an additional cohort of patients treated with combined chemo-
therapy and trastuzumab experienced similarly high pathologic complete remission
rates [15]. Currently, combined chemotherapy and trastuzumab is considered stan-
dard therapy for patients with HER-2-positive breast cancer.

Survival Outcomes and Locoregional Disease

Local Therapies

With the development of systemic therapies that were effective in palliating disease
in patients with metastatic breast cancer [16], anthracycline-based therapies were
quickly incorporated into the preoperative setting in patients with locally advanced
breast cancer [1]. In earlier trials, three cycles of preoperative chemotherapy resulted
in significant reduction in tumor volume in a large proportion of patients, resulting
in adequate local control with surgery and radiation therapy. Additional chemo-
therapy was delivered postoperatively to reduce the risk of recurrence. In another
group of selected patients with locally advanced breast cancer who previously
would have needed to initially undergo mastectomy to achieve local control, the use
of preoperative systemic therapies allowed for breast preservation [17]. The preop-
erative systemic therapy approach has further evolved over the decades and is now
used in patients with operable breast cancer who may not be candidates for breast
preservation at initial presentation.

Inflammatory Carcinoma of the Breast

A combined-modality approach using chemotherapy, mastectomy, and radiation has
been used since the early 1970s for patients with inflammatory carcinoma of the
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breast [4, 5]. Of these patients treated with combined systemic therapy, surgery, and
radiation therapy, 25-30% remain free of disease [18]. With the established efficacy
of taxanes in metastatic disease in the late 1980s, paclitaxel was incorporated into
the treatment of patients with inflammatory carcinoma of the breast, and a further
reduction in the risk of recurrence in this subset of patients was observed [19].
Inflammatory carcinoma of the breast remains a challenge today, but >30% of
patients with this disease can be expected to remain disease-free when treated with
currently available therapies.

Breast Preservation in Early-Stage Breast Cancer

Breast preservation for patients with early-stage breast cancer was explored by
clinicians at MD Anderson Cancer Center as early as the 1970s. Simple excision
of the tumor was performed with or without positive margins in patients with
favorable types of breast cancer, followed by radiation therapy to the whole
breast. Since this initial approach demonstrated excellent local and regional con-
trol rates, the technique was compared with both radical mastectomy and modified
radical mastectomy, and the results showed similar survival rates and local con-
trol rates. With the publication of multicenter randomized trials comparing breast
preservation to more radical surgery, breast-conserving surgery became an
accepted alternative to mastectomy for patients with unifocal early-stage breast
cancer (stages 0, I, and II) [20-22].

Treatment advances in surgery, irradiation, pathologic analyses, diagnostic imag-
ing, and systemic treatments have reduced the risk of local recurrence for patients
with stage I disease to approximately 0.5% per year [23-25]. On the basis of our
27-year institutional experience with treating 1,355 patients with breast-conserving
therapy for invasive disease, the 5-year rate of in-breast recurrence was significantly
lower in patients treated between 1994 and 1996 than in the subgroup treated before
1994 (1.3% versus 5.7%; P=0.0001) [26].

A well-recognized role of preoperative chemotherapy is the ability to improve
surgical options for patients by reducing tumor size and increasing the chances for
breast conservation [17]. The success of this approach depends on the involvement
of a multidisciplinary team. Investigators at MD Anderson described the feasibility
of breast preservation after chemotherapy in the 1980s and subsequently incorpo-
rated this approach into the treatment of patients with locally advanced and large
operable breast cancers in the 1980s and 1990s. The 5-year rates of ipsilateral breast
tumor recurrence-free survival and locoregional recurrence-free survival were 95%
and 91%, respectively. Factors that correlated with ipsilateral breast tumor recur-
rence and locoregional recurrence were clinical N2 or N3 disease, pathologic resid-
ual tumor size of >2 cm, a multifocal pattern of residual disease, and lymphovascular
space invasion. A prognostic scoring index based on these factors has also been
published to assist clinicians in counseling their patients about the use of breast-
conserving therapy after chemotherapy [27].
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Imaging of the breast with mammography and of the breast and regional nodal
basins with ultrasonography allows for the most accurate assessment of the locore-
gional disease burden at presentation. Performing a biopsy of any suspicious lesions
facilitates appropriate staging and disease management. Once the extent of disease is
defined, the potential treatment options can be outlined. Response to therapy should
be assessed at defined intervals during treatment. Placement of metallic markers to
facilitate subsequent localization of the tumor under ultrasonographic or mammo-
graphic guidance and to facilitate radiographic examination of the specimen has
become standard. At the conclusion of preoperative chemotherapy, patients undergo
breast imaging again so that their options for local treatment can be determined.
The preferred residual tumor size after preoperative chemotherapy is <4 cm, but the
size of the tumor in relation to the size of the breast is a major consideration. Patients
who have extensive microcalcifications on mammography, multicentric disease on
physical examination or mammography, or persistent skin edema on physical exami-
nation are not considered to be candidates for breast-conserving therapy.

Regional Nodal Treatment

The status of the axillary nodes has been one of the most important prognostic fac-
tors in breast cancer. Findings from axillary lymph node dissection (ALND) are
important in defining the stage of breast cancer and have been used to guide deci-
sions about systemic therapy and radiation therapy. The use of ALND has been
standard practice for management of the axilla in patients with both early-stage and
advanced breast cancers for several decades. Sentinel lymph node (SLN) biopsy,
introduced in the 1990s, allowed for the selective use of ALND in patients with
positive lymph nodes. The sentinel lymph node is defined as the first node to receive
lymphatic drainage from a specific area of the breast and is the node most likely to
contain metastases if the tumor has indeed metastasized to the regional nodes. Thus,
when properly identified, the SLN should indicate whether metastases are present in
a lymph node basin. Feasibility studies confirmed the proof of concept, and numer-
ous subsequent studies have shown that the SLN biopsy technique is accurate. With
this approach, patients with a positive SLN undergo completion ALND, but patients
with negative SLNs can be spared completion ALND and its associated morbidity.
Furthermore, the use of SLN surgery can identify the most important nodes to the
pathologist and may increase the chance that metastases, if present, will be detected.
With ALND, detailed analysis of all removed lymph nodes is not feasible. In con-
trast, the SLN technique directs attention to a smaller number of nodes, allowing
more careful analysis of the lymph node most likely to contain metastases. SLN
surgery was incorporated as the standard of care at our institution in early 2000 for
patients presenting with clinically negative lymph nodes.

As the use of SLN dissection (SLND) gained acceptance in early-stage breast
cancer and was shown to reduce the need for ALND in node-negative patients,
our surgeons were among the first to use this procedure after chemotherapy [28].
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It has been our practice to perform SLND after chemotherapy in patients who
present with clinically negative lymph nodes. We have reported that SLN
identification rates and false-negative rates are similar in patients who undergo
surgery first and in those who undergo neoadjuvant chemotherapy followed by
surgery [29]. Overall, there were fewer positive SLNs in the neoadjuvant chemo-
therapy group, confirming previous reports that chemotherapy eradicates disease
in the regional nodal basins. After adjusting for clinical stage, there were no differ-
ences in locoregional recurrence, disease-free survival, or overall survival rates
between the groups. SLN surgery is equally accurate performed before or after
chemotherapy for axillary staging. Chemotherapy eradicates disease in the breast
and regional lymph nodes, and the use of SLN surgery after chemotherapy results
in fewer positive SLNs and decreases unnecessary axillary dissections. SLND
after chemotherapy has become standard practice at our institution for patients
undergoing chemotherapy who present with clinically node-negative disease, but it
has not yet been proven to be accurate in women with node-positive disease at pre-
sentation, a group who should continue to undergo ALND after chemotherapy.

Survival OQutcomes and Distant Disease

Chemotherapies

In the 1950s and 1960s, the only available chemotherapy drugs were methotrexate,
melphalan, 5-fluorouracil, vincristine, thiotepa, and mitomycin C. These drugs,
when used as single agents, had very modest antitumor activity in breast cancer.
In the late 1960s, initial data in metastatic breast cancer research suggested that a
combination of chemotherapeutic agents (specifically, cyclophosphamide, metho-
trexate, and 5-fluorouracil [CMF]) used in a metastatic setting could achieve higher
response rates. In the early 1970s, doxorubicin (an anthracycline drug) was evalu-
ated in phase I/II studies at our institution and was shown to have significant antitu-
mor activity as a single agent in a number of cancers, including breast cancer.

Subsequently, doxorubicin was evaluated in a combination of 5-fluorouracil,
doxorubicin (Adriamycin), and cyclophosphamide (FAC) in metastatic breast can-
cer, which resulted in objective responses in 60—70% of patients [30]. Use of this
combination in patients with metastatic disease illustrated for the first time that a
small fraction of patients with metastatic disease (2-3%) can remain in remission
for an extended length of time without continued therapy; this finding resulted in the
first published documentation showing that a subset of patients with metastatic dis-
ease could be rendered free of disease by systemic therapy [31]. In subsequent ran-
domized studies, the FAC combination was established as superior to CMF, with
higher response rates, longer control of disease, and a more favorable impact on
survival duration [32, 33].

FAC combinations became a standard of care for patients with metastatic dis-
ease. The routine use of this combination at MD Anderson Cancer Center in patients
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with metastatic disease resulted in improved survival compared with the survival
experience of patients treated here two decades earlier, in the era before combina-
tion chemotherapy [34, 35] (Fig. 4.4). A survival advantage of several months, com-
pared with our experience of earlier decades, was evident in most subsets of patients
with metastatic disease [34].

Further studies involving patients with isolated metastatic disease after local
control (surgery with or without irradiation) of recurrent disease who received the
FAC combination resulted in disease-free survival rates of 25-30% after 5 years in
contrast to the earlier experience involving patients with disease-free survival rates
of <10% [36, 37]. These gains in patients with metastatic disease have been modest,
but with the availability of each additional new therapeutic option, survival rates
have steadily improved over the decades [37].

Even with the use of anthracycline-containing combination chemotherapy and in
spite of the significant palliation achieved in a large number of patients with meta-
static disease and the small gains in survival, most patients develop recurrent dis-
ease, indicating a need for new drugs; new drugs were also needed for patients with
anthracycline-resistant disease. A methotrexate and vinblastine combination devel-
oped at our institution in the early 1980s had modest antitumor activity in patients
with anthracycline-resistant metastatic disease [38].

Subsequently, in randomized studies involving both patients with locally advanced
disease and those with high-risk operable breast cancer, the use of a methotrexate and
vinblastine combination after anthracycline-containing chemotherapy resulted in a fur-
ther reduction in the risk of recurrence and provided the potential for additional
modification in the natural history of breast cancer [4, 5, 7, 8]. The reports describing
this systemic combination of chemotherapy regimens with alternate non-cross-resistant
therapies that affected the biology of this disease were the first to be published.
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To enhance the therapeutic index of doxorubicin and vinca alkaloids, various
schedules of administration were evaluated in the late 1970s and early 1980s
[39, 40]. It was established that doxorubicin’s cardiac toxicity could be reduced by
infusional therapy [39]; this therapy was therefore incorporated into the standard of
care. Infusion therapy was also found to enhance the efficacy of vinblastine, and it
remained an effective therapeutic option for patients with anthracycline-resistant
disease [38].

Taxanes, such as paclitaxel and docetaxel, were a new class of agents that showed
significant antitumor activity in patients with previously treated breast cancer
[41, 42]. Both drugs were evaluated at our institution, and their significant antitu-
mor activity was established in patients previously treated with anthracycline-
containing combinations. Subsequent studies with these two agents illustrated
schedule-dependent efficacy for both drugs [43, 44]. Paclitaxel was most effective
(had higher response rates and a better therapeutic index) when administered once
a week and has been a standard of care at MD Anderson for the past two decades
[43]; docetaxel was most effective when given once every 3 weeks [44]. The drug
capecitabine was also evaluated at MD Anderson and showed significant antitumor
activity in patients previously treated with anthracyclines and taxanes [45].

Endocrine Therapies

Endocrine therapy in metastatic breast cancer has evolved over the past 100 years.
The oldest form of endocrine therapy is ovarian ablation, which results in palliation
of metastatic disease. Although patients achieved clinical benefit from ovarian abla-
tion, a significant fraction could achieve additional benefit with sequential ablative
therapies, which included either bilateral adrenalectomies or ablation of the pitu-
itary gland (hypophysectomy). Secondary ablative procedures were associated with
significant morbidity and a life-long need for replacement therapies. However, with
the availability of pharmacological agents, ablative endocrine therapies were
replaced with ovarian suppression achieved with luteinizing hormone-releasing
hormone agonists, which have similar biological antitumor activity. With the avail-
ability of other pharmacological endocrine therapies, including estrogens, proges-
tins, and androgens, patients with metastatic disease could be offered sequential
hormonal therapies. Tamoxifen was the first available antiestrogen with efficacy
comparable to that of estrogen therapy but had a better safety profile than that of
estrogen; tamoxifen therefore replaced the pharmacological doses of estrogens used
in treating metastatic breast cancer [46].

Aminoglutethimide with concurrent steroid replacement therapy initially
replaced second-line ablative surgical endocrine therapies in metastatic breast can-
cer [47, 48]. However, aminoglutethimide, a nonselective inhibitor of aromatase,
was associated with significant adverse effects. With the availability of selective
aromatase inhibitors (anastrozole, letrozole, and exemestane), which were more
effective agents, aminoglutethimide as second-line hormonal therapy was replaced [49].
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Randomized studies illustrated that selective aromatase inhibitors were superior to
progestin (megestrol acetate) and subsequently to tamoxifen; selective aromatase
inhibitors therefore became the preferred initial therapy for postmenopausal women
with metastatic breast cancer [49, 50]. In earlier decades, endocrine therapies were
offered to women with indolent disease. With the discovery of hormone receptors,
however, endocrine therapies are now offered to women with hormone receptor-
positive disease; in those with hormone receptor-negative disease, endocrine thera-
pies have had negligible benefit [51, 52].

Another new hormonal agent, fulvestrant, an estrogen receptor down-regulator,
is now available to treat postmenopausal women with hormone receptor-positive
disease who were previously treated with antiestrogens and/or aromatase inhibitors
[53]. With the increasing number of available endocrine agents, their sequential use
can result in the control of metastatic disease for an extended length of time in a
significant number of patients (Fig. 4.4).

Other Supportive Agents

Bisphosphonates have been evaluated in metastatic breast cancer, and initial multi-
institutional trials were performed at MD Anderson [54, 55]. The data from these
trials have significantly changed the biology of metastatic breast cancer. These
drugs have reduced the risk of pathologic fractures of bones, reduced the need for
surgeries for bone-related events, and improved the quality of life of patients with
metastatic breast cancer. Their role in early-stage breast cancer is now being evalu-
ated in multi-institutional trials.

Current Management Approaches

In the current era, most patients with newly diagnosed breast cancer are candidates
for breast-conserving therapy. Preoperative systemic chemotherapy has tradition-
ally been administered in cases of inoperable or locally advanced disease to facili-
tate locoregional treatment with surgery and radiation. The success of this approach,
in addition to the known benefits of adjuvant chemotherapy, has led to its increased
use for the treatment of patients with operable breast cancer.

Radiation treatment is important to all patients undergoing breast-conserving
surgery and to selected patients treated with mastectomy. Radiation treatment com-
plements surgery as a method for treating the primary cancer and the lymph nodes,
and many patients achieve the best locoregional treatment outcome when both
modalities are used. Over the six decades that radiation has been used for treatment
of breast cancer at MD Anderson, a number of advances in this treatment have
occurred. Currently, three-dimensional treatment planning is used with all types of
treatment, which allows each treatment plan to be customized to an individual
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patient’s anatomy. Areas at risk of containing disease can be contoured and their
inclusion within the treatment volume ensured. In addition, unnecessary radiation
doses to important normal structures such as the heart and lung can be minimized or
completely eliminated. For patients with tumors in the left breast located directly
over the heart, techniques are now available that displace the heart from the left
breast by limiting treatments to periods of deep inspiration, during which the dia-
phragm naturally pulls the heart away from the left breast. These advances have
resulted in radiation treatments that are much safer and more effective.

Currently, paclitaxel and FAC chemotherapy are used sequentially as one stan-
dard of care in adjuvant chemotherapy for patients with early-stage breast cancer.

The initial data from the ATAC study changed our approach to endocrine adju-
vant therapy, and anastrozole became the preferred initial endocrine therapy for
postmenopausal women with hormone receptor-positive disease at our institution
instead of tamoxifen.

Patients with localized breast cancer who have HER-2-positive disease are
treated with preoperative systemic therapy with weekly paclitaxel (12 weeks) and
concurrent trastuzumab, followed by FEC chemotherapy (4 cycles) and concurrent
trastuzumab. A large study of the American College of Surgeons Oncology Group
(ACOSOG) is ongoing to further define the safety and efficacy of this FEC—
trastuzumab combination [56].

In summary, over the past six decades, continued improvements in surgical strat-
egy, radiotherapy, endocrine therapy, and chemotherapy (many developed within
our institution) have gradually enhanced the safety and tolerance of combined-
modality therapy. Furthermore, such advances have led to gradual improvements in
overall survival, local control rate, and disease-free survival. As our understanding
of the molecular abnormalities that drive breast cancer development, progression,
and metastases improves, this information is being used increasingly to develop
molecularly targeted agents and to select optimal therapy for individual patients on
the basis of their tumor and host characteristics. This focus on the development of
personalized medicine in breast cancer is expected to lead to more effective and
better-tolerated treatments, while reducing or eliminating undertreatment and
overtreatment.
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Chapter 5
Prostate Cancer

Deborah A. Kuban, Karen E. Hoffman, Paul Corn, and Curtis Pettaway

Introduction

Prostate cancer is one of the most common malignancies in American men, second
only to non-melanoma skin cancer. In 2009, an estimated 192,280 new cases of
prostate cancer were diagnosed in the United States, and about 27,360 men died of
this disease [1]. The median age at diagnosis is 68 years, and the risk of developing
the disease increases in men with advancing age, in those with an affected first-
degree relative, and in African American men. The behavior of prostate cancer can
vary from a microscopic, well-differentiated cancer with a slow clinical course to an
aggressive, poorly differentiated cancer with the potential to invade and spread.
Men with prostate cancer can be broadly staged as having localized disease (confined
to the prostate), regional disease (i.e., spread to periprostatic fat, seminal vesicles,
or pelvic lymph nodes), or distant disease (which metastasizes most commonly to
distant lymph nodes and bone).

Current American Joint Committee on Cancer staging definitions for the extent of
disease are outlined in Table 5.1. Since the introduction of serum prostate-specific
antigen (PSA) testing in the 1990s, most cases of prostate cancer have been diagnosed
while the disease is confined to the prostate. “Localized” (i.e., nonmetastatic) pros-
tate cancer is further categorized into “low-risk,” “intermediate-risk,” and “high-risk”
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Table 5.1 Prostate cancer staging by 2009 American Joint Committee on Cancer staging system

Primary tumor (T)

Clinical

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

T1 Clinically inapparent tumor neither palpable nor visible by imaging
Tla Tumor incidental histologic finding in 5% or less of tissue resected
T1b Tumor incidental histologic finding in more than 5% of tissue resected
Tlc Tissue identified by needle biopsy (e.g., because of elevated PSA)

T2 Tumor confined within the prostate
T2a Tumor involves one-half of one lobe or less
T2b Tumor involves more than one-half of one lobe but not both lobes
T2c Tumor involves both lobes

T3 Tumor extends through the prostatic capsule
T3a Extracapsular extension (unilateral or bilateral)
T3b Tumor invades the seminal vesicle(s)

T4 Tumor is fixed or invades adjacent structures other than seminal vesicles

such as external sphincter, rectum, bladder, levator muscles and/or
pelvic wall

Pathologic (pT)

pT2 Organ confined
pT2a Unilateral, involving one-half of one side or less
pT2b Unilateral, involving more than one-half of side but not both sides
pT2c Bilateral disease
pT3 Extraprostatic extension
pT3a Extraprostatic extension
pT3b Seminal vesicle invasion
pT4 Invasion of rectum, levator muscles, and/or pelvic wall
Regional lymph nodes (N)
Clinical
Nx Regional lymph nodes were not assessed
NO No regional lymph node metastasis
NI Metastases in regional lymph node(s)
Pathologic (pN)
pNx Regional lymph node not sampled
pNO No positive regional lymph nodes
pN1 Metastases in regional lymph node(s)
Distant metastasis (M)
MO No distant metastasis
Ml Distant metastasis
Mla Non-regional lymph node(s)
Milb Bone
Milc Other site(s) with or without bone disease

PSA prostate-specific antigen
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Table 5.2 National Comprehensive Cancer Network categorization of recurrence risk (v.1.2010)
Category Tumor characteristics

Very low risk T1a; Gleason score <6; PSA <10 ng/mL; fewer than 3 biopsy cores
positive, <50% cancer in each core; and PSA density <0.15 ng/mL/g

Low T1-T2a, Gleason score 2—6, and PSA <10 ng/mL

Intermediate T2b-T2c, Gleason score 7, or PSA 10-20 ng/mL

High T3a, Gleason score 8-10, or PSA >20 ng/mL

Very high T3b-T4

Metastatic Any T, N1, MO; or any T, any N, M1

PSA prostate-specific antigen

groups on the basis of the extent of local disease, Gleason score, and PSA level.
These groups, which reflect the potential (or actual) spread beyond the prostate and
the likelihood of recurrence after treatment, are commonly used to guide pretreatment
evaluations and treatment recommendations. The current National Comprehensive
Cancer Network risk categories are listed in Table 5.2.

In this chapter, we present six decades of the MD Anderson Cancer Center pros-
tate cancer experience.

Historical Perspective

Diagnosing and staging of prostate cancer have evolved over the past six decades.
Historically, prostate cancer was diagnosed when men developed obstructive or irri-
tative urinary symptoms, palpable soft tissue metastases, or symptomatic bony
metastases (i.e., back or hip pain). The introduction of PSA testing in the 1990s,
however, dramatically changed the stage at which prostate cancer was diagnosed
[2], in most cases shifting from an advanced metastatic stage at diagnosis to an
asymptomatic, localized, and highly curable stage.

Radiologic advances over the past six decades have led to improved methods of
identifying men with only local disease or with disease that has spread only to local
lymph node basins. In the 1940s and 1950s, plain radiographs were available for
diagnostic purposes. Plain radiographs can visualize bone changes but cannot visu-
alize pelvic lymph node involvement. Lymphangiograms were introduced in the
1960s and used throughout the 1990s to image pelvic lymph nodes [3]. Computed
tomographic scans were developed in the 1970s, adopted in the 1980s, and continue
to be used to evaluate pelvic lymph nodes. Bone scans, introduced in the 1970s, are
still used to evaluate men for bone metastases. In addition, endorectal magnetic
resonance imaging is used in selected cases to visualize tissue planes and to define
the local extent of disease. These imaging advances have improved the accuracy of
identifying disease extent at presentation and have no doubt led to stage migration.

Along with advances in scanning technologies, surgical techniques have been
refined as well. The anatomic radical prostatectomy technique, described in the
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early 1980s [4], improved urinary continence and sexual function after surgical
resection based on enhanced visualization and precise dissection in a relatively
bloodless field. Radical prostatectomy subsequently became a more common treat-
ment for prostate cancer, and a nerve-sparing radical prostatectomy technique was
introduced at MD Anderson Cancer Center in the 1990s. The administration of
novel therapeutic strategies, such as targeted molecular systemic agents, before
radical prostatectomy among patients with high-risk prostate cancer was established
in the late 1990s as a mechanism with which to rapidly evaluate both tissue and
molecular effects of new potential agents affecting prostate cancer [5]. Recently,
less invasive robotic prostatectomy techniques have been adopted that provide
enhanced magnification for even greater precision.

The introduction of urologic oncology fellowships provided an opportunity for
physicians to refine their surgical technique and enhance their oncologic knowledge
base before practicing independently [6]. The first urologic oncology fellowship at
MD Anderson Cancer Center was in the early 1970s, and we continue to train four
urologic oncology fellows annually.

Radiotherapeutic techniques have also evolved over the past several decades.
The introduction of three-dimensional computed tomography-based planning in the
1990s improved targeting in radiotherapy. The development of intensity-modulated
radiation therapy improved dose delivery in the 2000s and permitted the escalation
of radiation dose [7]. These dose-escalated treatments led to improved treatment
outcome in localized prostate cancer, as shown in arandomized trial at MD Anderson
Cancer Center [8]. In addition, the integration of hormone therapy with radiother-
apy for men with localized and locally advanced prostate cancer led to improved
prostate cancer survival rates [9, 10]. Currently, altered radiation fractionation to
improve prostate cancer outcome is being investigated at MD Anderson.

Androgen ablative therapy was introduced in the 1940s and remains the primary
systemic therapy for men with metastatic or locally advanced prostate cancer [11].
The methods of delivering androgen ablative therapy have changed over time and
include maximum androgen blockade and intermittent androgen ablation. Systemic
treatment options for men with castrate-resistant prostate cancer are limited; how-
ever, improved survival rates after administration of docetaxel were established in
2004 [12]. Clinical trials at MD Anderson are investigating cytotoxic agents, tar-
geted agents, and immunotherapy to improve outcome for men with castrate-
resistant prostate cancer.

Currently, in a large portion of men diagnosed with prostate cancer, the disease
is still localized to the prostate. There are several treatment options for these men
that offer similar efficacy but have different side effect profiles. Therefore, increased
attention is being focused on the long-term sequelae of treatment and the impact of
treatment on quality of life during treatment selection and treatment evaluation [13].
Ongoing clinical trials at MD Anderson are evaluating the effects of prostate cancer
diagnosis and treatments on quality of life. In addition, active surveillance (frequent
monitoring with no immediate cancer-directed treatment) is being studied at MD
Anderson in men with early disease who may not require intervention and can
therefore be spared the adverse effects of treatment and in those with comorbidities
that render prostate cancer therapy unnecessary.
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The MD Anderson Cancer Center Experience

In total, 28,891 men presented to MD Anderson with a diagnosis of prostate cancer
from March 1944 through December 2004. Of this group, 13,711 had no prior treat-
ment for their cancer. Excluding men treated elsewhere and those diagnosed with other
primary cancers (except superficial skin cancers), 6,675 men received definitive pri-
mary treatment for prostate cancer at MD Anderson and made up the cohort for analysis.
Survival was calculated from the date of initial presentation to MD Anderson.

The number of patients presenting by decade is shown in Table 5.3. This number
increased considerably over time, from 59 in 1944-1954 to 3,979 in 1995-2004,
reflecting both the growth of MD Anderson and the national increase in prostate
cancer diagnoses. Diagnoses increased nationally because of improved cancer
detection, population growth, longer life expectancies, and the aging population. Of
note, the number of prostate cancer patients tripled between 1975-1984 (n=529)
and 1985-1994 (n=1,631), when serum PSA testing became more widespread.
Awareness of the potential benefits of early detection with use of PSA testing led to
its adoption in early detection programs in the late 1980s at MD Anderson Cancer
Center. The widespread use of PSA testing in the 1990s is also reflected in the larger
proportion of men with localized disease in later decades; this proportion had
remained stable at about 30% through 1984 but increased to 73% in the 1995-2004
period. The proportion of men with localized disease is smaller than that seen
nationally, however, because MD Anderson is a referral center that draws men with
more advanced cancer.

Over the 60-year period, survival rates after prostate cancer diagnosis have
improved significantly at MD Anderson (P<0.0001). As illustrated in Fig. 5.1, 5-year
survival rates increased from 18.6% to 92.5%, and 10-year survival rates increased
from 8.5% to 82.5%. Lengthened survival was the result of both the larger proportion
of men being diagnosed with localized disease, when cure is more likely, and the
improvements in prostate cancer treatment at MD Anderson, particularly for men with
localized and regional disease. Stage migration was a consequence of implementing
improved imaging at MD Anderson that could better distinguish men with localized

Table 5.3 Prostate cancer stage distribution by decade

SEER stage at presentation

Local Regional Distant Unstaged Total
Decade [No. (%) of men diagnosed]
1944-1954 18 (30.5) 2(3.4) 34 (57.6) 5(8.5) 59 (100.0)
1955-1964 74 (33.9) 26 (11.9) 104 (47.7) 14 (6.4) 218 (100.0)
1965-1974 73 (28.2) 60 (23.2) 119 (45.9) 72.7) 259 (100.0)
1975-1984 174 (32.9) 203 (38.4) 147 (27.8) 5(0.9) 529 (100.0)
1985-1994 760 (46.6) 642 (39.4) 171 (10.5) 58 (3.6) 1,631 (100.0)
1995-2004 2,914 (73.2) 770 (19.4) 172 (4.3) 123 (3.1) 3,979 (100.0)
Total 4,013 (60.1) 1,703 (25.5) 747 (11.2) 212 (3.2) 6,675 (100.0)

SEER Surveillance, Epidemiology, and End Results program
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Fig. 5.1 Overall survival rates for patients with prostate cancer (1944-2004) (P <0.0001, log-rank
test for trend).

disease and regional disease while identifying men with earlier metastatic disease.
This contributed to increased survival rates among all groups over time. In addition,
improvements in overall health contributed to men living longer over time.

In men with localized disease at diagnosis, 5-year survival rates increased from
38.9% to 96.0%, and 10-year survival increased from 22.2% to 87.3% (Fig. 5.2;
P<0.0001). Significant improvements were also seen in men with regional disease
(Fig.5.3; P<0.0001) and in men with distant disease at diagnosis (Fig. 5.4; P <0.0001).
In men with distant disease at diagnosis, 5-year survival rates increased from 11.8%
to 38.8%, and 10-year rates increased from 2.9% to 16.9%. Androgen deprivation
therapy was the mainstay of systemic treatment throughout this period. The benefit of
docetaxel for castrate-resistant prostate cancer was not established until 2004; there-
fore, improvements from docetaxel are not reflected in this analysis.

The significant improvements in prostate-cancer survival over the past six
decades reflect the development and implementation of advances in imaging, sur-
gery, radiotherapy, and medical oncology at MD Anderson. In addition, the adop-
tion of routine PSA testing and subsequent earlier diagnosis of prostate cancer have
contributed to improved prostate cancer survival.

Current Management Approach

Our current approach to the management of prostate cancer is stratified by using
“risk group” criteria and anticipated life expectancy. After initial diagnosis by PSA
and prostate biopsy, pelvic imaging and a bone scan are obtained for selected men at
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Fig. 5.2 Survival rates for patients with local (SEER stage) prostate cancer (1944-2004)
(P<0.0001, log-rank test for trend).
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Fig. 5.3 Survival rates for patients with regional (SEER stage) prostate cancer (1944-2004)
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with regional
prostate cancer seen from 1944 to 1954, data from this period were excluded. N.A., not
applicable.
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Fig. 5.4 Survival rates for patients with distant (SEER stage) prostate cancer (1944-2004)
(P<0.0001, log-rank test for trend).

increased risk of disease spread beyond the prostate. Men with localized prostate
cancer are offered treatment options on the basis of their overall health, prostate size,
pubic bone geometry, and urinary function; these patients can often select from sev-
eral suitable treatment choices, which include active surveillance, external beam
radiotherapy, radical prostatectomy, brachytherapy, and cryotherapy.

Men with low-risk disease or those with a short life expectancy may forgo treat-
ment and instead be monitored for progression of symptoms. For men with high-
risk disease and for some men with intermediate-risk disease, androgen deprivation
therapy is administered along with external beam radiotherapy. Men with nodal
involvement are treated with androgen ablation, and locoregional radiation therapy
is administered to some men. Men with metastatic disease are treated with systemic
therapy. When appropriate, patients are offered enrollment in clinical trials.

To help patients assimilate all of the complex data associated with their disease
process, treatment options, and quality-of-life effects, the Multidisciplinary Prostate
Cancer Clinic was established at MD Anderson in 2004. In this setting, patients with
localized prostate cancer are seen simultaneously by a urologist and radiation
oncologist with a medical oncology consultation as appropriate. Patient visits are
facilitated by an advanced practice nurse who helps patients navigate through the
treatment selection process [14].

In the future, driven by new knowledge gained through the MD Anderson Cancer
Center Prostate Cancer Specialized Program of Research Excellence (SPORE)
Program, we anticipate that molecular classifications of prostate cancer will be used
to define prognosis and guide management. This move toward personalized medi-
cine should reduce the number of cases of overtreatment and undertreatment in men
with prostate cancer.
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Among those requiring treatment strategies to reduce the morbidity of local
therapies, maintaining quality of life is paramount. Ongoing investigations at
MD Anderson will help elucidate the appropriate length of androgen deprivation
therapy, the optimal fractionation of radiotherapy, and the optimal time for admin-
istration of radiotherapy after prostatectomy. In addition, ongoing laboratory and
clinical studies of cytotoxic, targeted, and immunotherapeutic agents will lead to the
development of more effective systemic therapies for men with castrate-resistant
prostate cancer, the type that presents the greatest threat to life.
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Chapter 6
Non-Small Cell Lung Cancer

Ritsuko Komaki, Anne S. Tsao, and Reza J. Mehran

Introduction

In 2010, approximately 222,520 new cases of lung or bronchial cancer were expected to
be diagnosed in the USA, and 157,300 patients are expected to die of this disease
[1]. Lung cancer is the leading cause of cancer-related death in both men and
women, and non—small cell lung cancer (NSCLC) accounts for about 80% of these
cases. Lung cancer is most often asymptomatic in its early stages; consequently, the
disease is usually diagnosed at an advanced stage, when it is much more difficult to
treat. One or more genes are believed to be responsible for an inherited increase in
risk of developing lung cancer in the general population. Smoking remains one of
the main environmental factors associated with the development of lung cancer [2].
Although the development of lung cancer seems to be the result of several sequen-
tial molecular abnormalities in individuals at high risk of developing the disease,
the genetic mechanisms by which an individual develops lung cancer remain largely
unknown. These steps involve abnormalities in the expression of angiogenic factors
(e.g., vascular endothelial growth factor, or VEGF and epithelial growth factor
receptors, or EGFRs) [3]. The heterogeneity of lung cancer and the diversity of its

R. Komaki (P<)

Department of Radiation Oncology, The University of Texas MD Anderson Cancer Center,
1515 Holcombe Boulevard, Houston, TX 77030, USA

e-mail: rkomaki@mdanderson.org

A.S. Tsao
Department of Thoracic Head and Neck Oncology, The University of Texas MD Anderson
Cancer Center, Houston, TX, USA

R.J. Mehran
Department of Thoracic and Cardiovascular Surgery, The University of Texas MD Anderson
Cancer Center, Houston, TX, USA

M.A. Rodriguez et al. (eds.), 60 Years of Survival Outcomes at The University of Texas 45
MD Anderson Cancer Center, DOI 10.1007/978-1-4614-5197-6_6,
© Springer Science+Business Media New York 2013



46 R. Komaki et al.

morphologic appearance and molecular properties make the application of molecu-
lar targeted therapies used in other cancers more complex, but such therapies are
certainly a goal for the future.

The MD Anderson Cancer Center Experience

The MD Anderson data set is derived from 36,687 patients who presented to the
institution on or before 31 December 2004. Of this group, 23,306 patients had had
no prior treatment for their malignancy. After the exclusion of patients with multiple
primary cancers and those treated elsewhere, 12,044 patients received definitive
primary treatment for NSCLC at MD Anderson. The numbers of patients presenting
by decade and disease stage at presentation are summarized in Table 6.1. Almost
two-thirds of these patients had advanced locoregional or distant disease, consistent
with the institution’s focus on treating difficult cases.

Figure 6.1 illustrates overall survival curves for the 12,044 patients. Although the
group was heterogeneous in terms of several risk factors for survival such as age,
race, socioeconomic status, and stage and histology of the disease, survival rates
increased nearly 20-fold in the past 50 years; however, these rates remain poor at
about 20% at 5 years.

Figures 6.2, 6.3, and 6.4 show survival rates according to the disease stage at
presentation. The most dramatic improvement over time has been in the manage-
ment of resectable lung cancer. Patients with stage I disease can expect survival
rates of 60% or more at 5 years; this rate, however, decreases to 25% for those with
mediastinal nodal disease and remains poor for those with distant metastatic dis-
ease. Improvements seen in locoregional control of the disease are a reflection of
MD Anderson’s significant advances in surgery and radiation therapy, which we
will discuss in the following sections. Although survival rates have improved over
the past 60 years, survival with distant metastatic disease, which is treated mainly
with systemic therapy, still lags behind, and more effective treatments for disease at
this stage are desperately needed.

Table 6.1 Numbers and percentages of patients presenting to MD Anderson (1944-2004) by
decade and disease stage

SEER stage at presentation

Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 5(6.1) 19 (23.2) 47 (57.3) 11 (13.4) 82 (100.0)
1955-1964 101 (12.1) 161 (19.3) 514 (61.6) 59 (7.1) 835 (100.0)
1965-1974 303 (21.0) 228 (15.8) 823 (57.1) 87 (6.0) 1,441 (100.0)
1975-1984 469 (20.0) 661 (28.2) 1,149 (49.0) 64 (2.7) 2,343 (100.0)

1985-1994 423 (13.2) 1,000 (31.2) 1,611 (50.2) 174 (5.4) 3,208 (100.0)
1995-2004 625 (15.1) 1,154 (27.9) 2,189 (52.9) 167 (4.0) 4,135 (100.0)
Total 1,926 (16.0) 3,223 (26.8) 6,333 (52.6) 562 (4.7) 12,044 (100.0)
SEER Surveillance, Epidemiology, and End Results program
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Fig. 6.1 Overall survival rates for 12,044 patients with non—small cell lung cancer at any stage
presenting to MD Anderson Cancer Center (1944-2004) according to year of presentation

(P<0.0001, log-rank test for trend).
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Fig. 6.2 Overall survival rates for 1,926 patients with local (SEER stage) non—small cell lung
cancer (confined to primary site) presenting to MD Anderson Cancer Center (1944-2004) accord-
ing to year of presentation (P<0.0001, log-rank test for trend). Because of the very small number
of individuals with local non—small cell lung cancer seen from 1944 to 1954, data from this period

were excluded. N.A. not applicable.
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Fig. 6.3 Overall survival rates for 3,223 patients with regional (SEER stage) non—small cell lung
cancer (spread to regional lymph nodes) presenting at MD Anderson Cancer Center (1944-2004)
according to year of presentation (P <0.0001, log-rank test for trend).
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Fig. 6.4 Overall survival rates for 6,333 patients with distant (SEER stage) non—small cell lung
cancer (metastasized to distant sites) presenting to MD Anderson Cancer Center (1944-2004)
according to year of presentation (P <0.0001, log-rank test for trend).
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Historical Perspective

Localized Disease

For patients with early-stage lung cancer who are able to undergo surgery, surgery
has always offered the best hope of cure. Two great accomplishments during the
past three decades—the extension of indications for surgery and improvements in
postoperative care—have led to very low rates of morbidity and mortality even after
extensive resections. Patients without evidence of mediastinal disease can sustain
curative resection of disease extending into the spine, great vessels of the heart, and
the carina. Patients with T3-T4 tumors with NO or N1 disease do significantly better
after radical resection than do patients with more extensive nodal disease [4].

Patients who cannot undergo surgery for NSCLC because of coexisting medical
problems such as severe chronic obstructive pulmonary disease, cardiac disease, or
severe diabetes can sometimes be cured by radiation therapy with or without
chemotherapy.

Locally Advanced Disease

Survival rates after complete resection have been disappointing in patients with
locally advanced disease. Five-year survival rates decrease from 67% for patients
with T1NO disease to 23% for patients with N2 disease [5]. Attempts to improve these
rates have included many investigations of a variety of adjuvant therapies, including
chemotherapy and thoracic irradiation. Induction chemotherapy has been exten-
sively evaluated, and results from phase II and III trials have been promising [6].
Adjuvant chemotherapy with platin-based agents has been validated for patients
younger than 75 years who have good performance status, no surgical complica-
tions, and stage II or higher disease [7]. Chemotherapy in combination with radia-
tion therapy has been used with some success for locally advanced but unresectable
lung cancer or in combination with surgery for more advanced (N2) disease [8]. The
optimal timing of radiation therapy before or after surgery, however, remains to be
determined.

The past several years have also seen substantial advancements in the techniques
for delivering radiation therapy. Three-dimensional conformal radiation therapy
has led to better local control and possibly to better survival rates than traditional
two-dimensional radiation therapy has for patients with medically inoperable stage
INSCLC [9]. Stereotactic body radiation therapy [SBRT, also known as stereotac-
tic ablative radiation therapy (SABR)] has been used successfully to treat early-
stage lung cancer located far enough from the hilum or the mediastinum to allow the
delivery of increased radiation doses [10]. The superior distribution of Bragg peaks
characteristic of proton beam therapy has been shown in treatment-planning studies
to reduce the radiation dose to normal tissues adjacent to the target relative to X-ray
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(photon) therapy. This advantage may make proton beam therapy a better choice for
treating central pulmonary lesions close to the heart or the esophagus [11].

Longstanding obstacles to the successful treatment of lung cancer have included
the inability of previous imaging modalities to accurately visualize direct tumor
extension, regional nodal involvement, and the presence of distant metastasis. Even
in patients with localized disease, the inability to control that disease leads to ongo-
ing seeding of cancer cells to distant organs, eventually causing treatment failure and
death from lung cancer. Control or eradication of locoregional disease with radiation
therapy is difficult for three reasons: (a) geographic “misses” arising from the inad-
equacies of imaging for both disease staging and radiation therapy planning; (b) the
need to account for tumor motion associated with respiration; and (c) the inability to
deliver adequate (tumoricidal) radiation doses because of the risk of significant tox-
icity. However, recent developments in image-guided radiation therapy are showing
promise for overcoming these difficulties. The use of integrated positron emission
tomography with computed tomography (PET/CT) can improve targeting accuracy
in 25-50% of cases, and four-dimensional CT scanning can help individualize radia-
tion therapy based on tumor motion. Intensity-modulated radiation therapy (IMRT)
and proton beam therapy may allow radiation doses to be escalated without increas-
ing toxicity. SBRT can produce local control rates in excess of 90% by delivering
focused, hypofractionated, high biological-equivalent doses of radiation. These
approaches, until very recently, were considered experimental; however, they are
fast becoming standard treatments for lung cancer at major cancer centers.

Current Management Approach

Imaging Studies to Define Disease Stage

The current management of NSCLC depends on the disease stage at presentation.
Every effort must be made to accurately and thoroughly establish the disease stage
by using high-quality imaging and invasive staging of the mediastinum with endo-
bronchial ultrasonography, endoesophageal ultrasonography, or mediastinoscopy.
PET results should be interpreted with caution, and biopsies of PET-positive lymph
nodes should be obtained to rule out false-positive scans, which can occur in up to
20% of cases. Staging of disease outside the chest is reserved for patients who are
symptomatic or at high risk of metastatic disease. Magnetic resonance imaging
(MRYI) of the brain, bone scanning, or PET should be used in those instances.

Multidisciplinary Planning

MD Anderson has championed the model of specialized multidisciplinary care in
the management of cancer. Any patient with regional or distant disease must have
the benefit of being reviewed by a multidisciplinary team consisting of a pathologist,
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radiologist, thoracic medical oncologist, radiation oncologist, and surgeon. The
decision as to the type of treatment must be based on current practices, which change
frequently as new science is introduced. The multidisciplinary approach is also a
venue that allows patients to consider new experimental treatments. The treatment
guidelines presently used at MD Anderson follow those of the National
Comprehensive Cancer Network (NCCN) [12].

Systemic Chemotherapy

The management of NSCLC with systemic therapy depends on the disease stage and
the presence of comorbid conditions. For patients with early-stage or locoregionally
advanced disease for whom therapy is given with definitive (curative) intent, sys-
temic chemotherapy is now used as a component of adjuvant, neoadjuvant, and con-
current treatment. For patients with metastatic disease for whom therapy is given with
palliative intent, significant progress has been made from the addition of targeted
agents to chemotherapy and personalized medicine. Advances have also been made
in the development of maintenance therapy given after frontline chemotherapy.

Early-Stage or Locally Advanced Disease
Adjuvant Chemotherapy

For patients with surgically resectable disease and good performance status, the fol-
lowing treatment algorithm [13—15] is used with regard to adjuvant chemotherapy:

Stage IA: adjuvant chemotherapy not recommended

Stage IB tumor <3 cm: adjuvant chemotherapy not recommended
Stage IB tumor >3 cm: adjuvant chemotherapy can be considered
Stage II: adjuvant chemotherapy recommended

Stage I1I: adjuvant chemotherapy recommended

Adjuvant chemotherapy has proven survival benefits for patients with stage II or
III disease [13, 14], but its usefulness in stage I disease remains controversial, with
no survival benefit evident for stage IA but some evidence of benefit for stage IB
when tumors are larger than 3 cm [14, 15]. The choice of chemotherapy is at the
oncologist’s discretion, but four cycles of a platin-based doublet therapy is usually
recommended.

Neoadjuvant Chemotherapy

For patients with potentially resectable disease, neoadjuvant chemotherapy can be
considered if it has a good chance of downstaging the disease to the point of allow-
ing surgical resection [16]. The choice of chemotherapy is again at the oncologist’s
discretion but usually involves a platin-based doublet.
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Concurrent Chemotherapy and Radiation

For patients with unresectable disease who are still considered candidates for
definitive treatment, concurrent chemotherapy with radiation is the treatment of
choice. Several regimens can be used, the choice of which depends on comorbid
conditions, tumor histology, and tumor location. Some commonly used regimens
are cisplatin with etoposide, weekly cisplatin with a taxane, and cisplatin with pem-
etrexed. Patients considered for concurrent chemotherapy with radiation may
already have received neoadjuvant chemotherapy at systemic doses before the con-
current chemoradiation. On the basis of findings of a Hoosier Oncology Group
study [17], consolidation chemotherapy after concurrent chemotherapy with radia-
tion is no longer recommended for patients with stage III disease.

Late-Stage (Metastatic) Disease

The goal of systemic therapy for patients with metastatic disease is palliation, and
for most patients the median survival time is 6—9 months. However, the discovery of
two genetic alterations associated with lung cancer has changed the standard of care
for metastatic disease. The first such alteration, the presence of particular mutations
in EGFR [18], may confer sensitivity to EGFR tyrosine kinase inhibitors (TKIs)
such as erlotinib and gefitinib, which can produce better response rates and
progression-free survival than chemotherapy can [19]. Patients with these muta-
tions should receive an EGFR TKI as early as possible during therapy. The second
such alteration is the presence of the fusion protein EML4-ALK, which may confer
sensitivity to the ALK inhibitor crizotinib [20]. Findings from the Iressa Pan-Asian
Study (IPASS) trial [19] indicate that gefitinib as frontline therapy for patients with
lung adenocarcinoma and a minimal smoking history produced better response and
progression-free survival rates for patients with EGFR mutations, but carboplatin
and paclitaxel were more effective for patients with wild-type (unmutated) EGFR.
These findings have led to the recommendation that chemo-naive patients be
screened for the presence of EGFR mutations before beginning frontline therapy.
Although intense searches for other biomarkers in NSCLC are under way, only
EGFR mutations and EML4-ALK are predictive of clinical benefit at this time.
For patients who have neither EGFR mutations nor the EML4-ALK transloca-
tion, several options exist for frontline therapy [21]. However, the addition of tar-
geted agents has improved survival outcomes. The only targeted monoclonal antibody
currently approved by the U.S. Food and Drug Administration (FDA) for use as
frontline therapy with chemotherapy is bevacizumab, a VEGF inhibitor. Bevacizumab
is given during four to six cycles of chemotherapy and then continued as monother-
apy maintenance until the development of intolerable adverse effects or progression
of disease. Bevacizumab is contraindicated for patients with squamous cell lung car-
cinoma because of a high risk of fatal pulmonary hemoptysis [22]. For patients with
nonsquamous cell carcinoma and no EGFR mutations, the NCCN guidelines recom-
mend a platin-based doublet combined with bevacizumab as first-line therapy.
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Maintenance Therapy: Switch Vs. Continuation

The NCCN guidelines now recognize two types of maintenance therapy for metastatic
NSCLC—switch maintenance and continuation maintenance. In switch maintenance,
a doublet or triplet chemotherapy regimen is given as frontline chemotherapy; those
patients whose disease responds or stabilizes are then switched to a different class of
drug after four cycles of therapy. In continuation maintenance, at least one of the
agents used in the original frontline regimen is continued after the frontline therapy is
completed; an example is giving bevacizumab with chemotherapy for four to six
cycles and then continuing the bevacizumab as monotherapy maintenance.

In July 2009, the FDA approved maintenance therapy with pemetrexed after four
cycles of a nonpemetrexed-containing platin-doublet regimen for nonsquamous
NSCLC [23]. Currently, the decision as to whether to give maintenance therapy is
at the discretion of the treating physician; such a decision should be made only after
weighing the quality of life and personal needs of the patient.

Salvage Therapy

Three agents have been approved by the FDA as second-line salvage therapy for
metastatic NSCLC: erlotinib and docetaxel for patients with NSCLC of any histol-
ogy and pemetrexed for patients with nonsquamous cell disease. Erlotinib has also
been approved as third-line therapy. Other agents commonly used for salvage therapy
include vinorelbine and gemcitabine. We recommend that patients with recurrent
metastatic disease consider enrolling in clinical trials of novel therapeutic agents.

Radiation/Proton Beam Therapy

Radiation therapy for NSCLC has advanced considerably with the development of
image-guided techniques for that therapy, particularly PET/CT-based treatment
planning, four-dimensional CT to account for tumor motion, and “on-board” imag-
ing during the radiation therapy itself. Collectively, these advances are expected to
improve the accuracy of tumor targeting and minimize treatment-related adverse
effects. The combination of image-guided techniques with radiation dose escala-
tion/acceleration has the potential to significantly improve clinical outcome for
many patients with lung cancer. For example, image-guided SBRT has been shown
to improve local control and survival in patients with early-stage NSCLC [24-27],
and IMRT is better tolerated in terms of its toxicity profile [28, 29] than is three-
dimensional conformal radiation therapy.

Early-Stage (I-II) Disease

Surgical resection (lobectomy with mediastinal lymph node dissection or sampling)
is considered the standard of care for early-stage NSCLC, with 5-year overall survival
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rates of 65-70% for stage I (T1-2NOMO) disease and 35-50% for stage II (T1-2N1MO,
T3NOMO) disease. Adjuvant platin-based chemotherapy can prolong overall survival
in patients with stage II disease [13, 15, 30]. Adjuvant radiation therapy has been
shown to suppress local recurrence but to date has not been shown to extend survival.
Moreover, adjuvant radiation therapy is indicated only for patients with close or posi-
tive surgical margins or disease in several hilar lymph nodes (see the “Radiation After
Surgery” section).

Definitive Radiation Therapy

Definitive radiation therapy, either with X-rays (photons) or with proton beams, is
used for patients who refuse or are unable to undergo surgery because of coexisting
medical conditions such as poor pulmonary function, recent myocardial infarction,
or a tendency toward bleeding.

Locoregionally Advanced (Stages IIIA-IIIB) Disease

Concurrent chemotherapy with radiation therapy has become the standard of care
for patients with good performance status and inoperable stage IITA (T3N1MO,
T1-3N2MO) or IIIB (TXN3MO, T4ANXMO) NSCLC. Several trials of two-
dimensional radiation therapy, including RTOG 94-10 [31-33], have shown that
concurrent chemotherapy and radiation therapy provide better locoregional control
and overall survival than does sequential treatment consisting of chemotherapy fol-
lowed by radiation therapy. However, those advantages come at the cost of consider-
ably higher toxicity, especially to the esophagus (rates of grade >3 esophageal
toxicity exceed 50% for twice-daily radiation with concurrent chemotherapy, are
30% for once-daily radiation with concurrent chemotherapy, and are 10% for chemo-
therapy followed sequentially by radiation therapy). The use of three-dimensional
conformal (as opposed to two-dimensional) radiation therapy has been associated
with less toxicity and can allow the radiation dose to be escalated from 60 Gy (as in
RTOG 94-10) to 74 Gy [34-36]. However, the experience from RTOG 0617, a ran-
domized prospective phase III trial testing dose escalation in the context of concur-
rent radiation with chemotherapy [37], demonstrates that doses of 74 Gy should be
attempted only with the use of image-guided adaptive radiation therapy with four-
dimensional CT-based treatment simulation and planning and strict compliance
with dose—volume constraints to avoid severe toxicity.

Another approach to allowing dose escalation while simultaneously avoiding
toxicity is the addition of molecular targeted agents to concurrent radiation and
chemotherapy. In the phase II trial RTOG 0324, the addition of cetuximab, a mono-
clonal antibody to EGFR and a radiosensitizer [38], to chemoradiation therapy
improved median survival time and 2-year overall survival rates without increasing
esophageal toxicity [39]. These promising results led to the inclusion of cetuximab
in two arms of the RTOG 0617 study. Mature results from this study and others of
molecular targeted agents in the treatment of lung cancer are eagerly awaited.
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The use of IMRT may further reduce toxicity to the lung and esophagus by reducing
the percentage of lung volume exposed to 20 Gy (V,), the V|, and the total mean
lung dose (MLD) and by sparing more of the esophagus and heart [40, 41]. Regarding
dose escalation, even though radiation doses of about 60 Gy have been considered
standard for stage III NSCLC for decades, this dose has been associated with
40-50% locoregional failure rates. Several studies have shown potential benefits in
local control and survival from the use of image-guided, three-dimensional confor-

mal radiation therapy or IMRT to escalate radiation doses [34-36, 42].

Radiation with Chemotherapy

Theoretically, full-dose induction chemotherapy is believed to improve clinical out-
come by eliminating or suppressing distant metastasis, whereas radiation therapy
given concurrently with a radiosensitizing chemotherapeutic agent may further
improve clinical outcome by enhancing locoregional control. The recently com-
pleted phase II randomized LAMP study [43] compared three treatment strategies:
induction chemotherapy followed by radiation, concurrent chemotherapy with radi-
ation followed by adjuvant chemotherapy, and induction chemotherapy followed by
concurrent chemotherapy with radiation. Preliminary findings indicate that receipt
of concurrent weekly paclitaxel, carboplatin, and thoracic radiation followed by
consolidation chemotherapy was associated with the best outcome, although this
schedule was associated with greater toxicity.

For patients who have already undergone induction chemotherapy, we usually
use concurrent chemotherapy with radiation. If the patients cannot tolerate concur-
rent therapy, we give two or three cycles of induction chemotherapy followed by
radiation therapy alone. If the patient cannot tolerate any chemotherapy, radiation
therapy alone can be considered.

For patients with pathologically proven stage III N2 NSCLC, induction chemo-
therapy followed by surgery has resulted in better overall survival rates than has
surgical resection alone [16, 44]. Induction chemoradiation followed by surgery has
also yielded better disease-free survival rates than has definitive chemoradiation,
although overall survival rates were no different between these two treatment groups [8].
Notably, that same study showed that patients who required pneumonectomy after
induction chemoradiation had considerably higher mortality rates than did those
who required lobectomy, suggesting that patients who require pneumonectomy
should be treated with definitive chemoradiotherapy rather than surgery.

Radiation After Surgery

Postoperative radiation therapy is indicated for close or positive surgical margins
or resected N2 (mediastinal) disease. If the resection margins are negative but the
mediastinal nodes are positive, two to four cycles of adjuvant chemotherapy
should be given, followed by radiation therapy. If the resection margins are posi-
tive, postoperative radiation should be given first, followed by chemotherapy.
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The role of postoperative radiation therapy for resected N1 disease remains
controversial. Because such patients may live for long periods after surgery, the
chronic toxicity associated with postoperative radiation should be considered.
For patients with positive or close surgical margins but no N1 or N2 involvement,
the target volume should be limited to the site of the positive margin and the dose
should be 60-66 Gy. Patients with gross positive margins (subtotal resection)
should receive definitive chemoradiation. For patients with surgically resected
N2 disease, the target volume should be limited to the positive lymph node sta-
tion, plus or minus the ipsilateral hilar and subcarinal lymph nodes depending on
the location of the primary tumor and whether a full lymph node dissection was
done. The radiation dose should be limited to about 50 Gy, delivered in standard
fractions.

The indications for postoperative therapy are the same for patients treated with
induction chemotherapy followed by surgery. Postoperative radiation therapy can
improve local control and may extend disease-free survival [45] and overall survival
[46] for patients with pathologic N2 disease. Adjuvant chemotherapy can improve
survival duration in patients with stage IB-III NSCLC and should be considered
standard therapy [13, 15, 30].

Intensity-Modulated Radiation Therapy

IMRT for lung cancer has yet to be widely adopted outside the academic medical
community for several reasons, including its technologic complexity, concerns that
this technique may result in exposure of large volumes of normal lung tissue to low
yet damaging radiation doses relative to radiation delivered by other means, and the
need to account for respiration-related tumor movement in both treatment planning
and delivery. Our own work has shown that IMRT can provide higher target doses
with better conformity and greater normal tissue sparing than three-dimensional
conformal radiation therapy can for patients with early-stage or locally advanced
NSCLC [37, 38].

IMRT for lung cancer has the potential to reduce toxicity in normal tissues and
to allow escalation of the radiation dose to high-risk regions [42]. Our recommenda-
tions for using IMRT for lung cancer are as follows.

Patient Selection

IMRT is probably the most beneficial for cases involving tumors in the superior
sulcus or close to the esophagus, heart, or spinal cord or cases involving positive
lymph nodes. Small, early-stage, mobile tumors may not be good candidates for
IMRT unless motion-mitigation techniques are used (see below). The highly con-
formal dose distribution and high-dose gradients associated with IMRT also man-
date reliable means of patient immobilization.
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Tumor Motion Considerations

Organ motion during treatment must be considered and addressed individually.
We recommend that four-dimensional CT be used for treatment planning; at a mini-
mum, tumor motion should be assessed fluoroscopically. If the tumor moves
<10 mm during respiration, the patient can be treated with free-breathing IMRT by
using the internal target volume (ITV) approach with an adequate margin. However,
if considerable tumor motion is anticipated, the patient should be treated with
breath-hold, respiratory-gated therapy, or other means of tumor tracking if such
techniques can be used to “freeze” the tumor at reproducible positions.

Tissue Heterogeneity Considerations

Because tissue heterogeneity affects some beamlets more than others, resulting in
substantial differences in dose distribution, heterogeneity should be corrected for all
IMRT lung cancer treatment plans.

Treatment Plan Evaluation and Quality Assurance

IMRT can cause “cold spots” or “hot spots” in unexpected locations that may not
be reflected in dose—volume distribution estimates. Therefore, the isodose distribu-
tion should be inspected on every image slice. To reduce the potential for deliver-
ing low-dose (<10 Gy) radiation to normal lung issue, we recommend that fewer
beams (i.e., 5-7) be used to reduce the beam-delivery time and improve patient
comfort. Both IMRT planning and delivery should be done by experienced person-
nel, meaning that physicians must be aware of the need to balance dose inhomoge-
neity and lung tissue sparing. Strict quality assurance is also required for both
mechanical and dosimetric accuracy. One of the disadvantages of IMRT is the large
volumes of tissue exposed to low-dose radiation (e.g., 5 Gy) relative to proton
beam therapy. This large volume of lower dose could be harmful to radiosensitive
normal tissues such as the alveoli or esophagus or to rapidly dividing normal cells,
especially in children.

Proton Beam Therapy

Proton beams, unlike photon or X-ray beams, consist of charged particles that have
a well-defined range of penetration into tissue. Tissues that are past this range are
not irradiated. Thus, proton beam therapy is ideal for situations in which normal
tissue sparing is a priority, as is true for lung cancer given the proximity of critical
thoracic structures such as the esophagus, heart, and spinal cord.



58 R. Komaki et al.

Recently published results of prospective phase II studies of proton therapy
indicate that this technique has promise in the treatment of NSCLC. One such study,
involving patients with early-stage yet inoperable disease, indicated that proton
beam therapy to a dose of 74 Gy(RBE) at 2 Gy(RBE)/fraction given concurrently
with weekly carboplatin—paclitaxel chemotherapy followed by full-dose adjuvant
chemotherapy led to encouraging overall survival and progression-free survival
rates and relatively mild toxicity relative to those experienced after photon-based
treatment with this type of chemotherapy [47]. That study and another [48] sug-
gested that adaptive replanning (that is, repeated imaging during the course of the
radiation therapy, with corresponding adjustments to the radiation treatment plan)
can further reduce normal tissue doses and prevent target misses, particularly for
patients with large tumors that shrink substantially during therapy.

Other evidence that proton beam therapy may be less toxic to normal tissues than
photon-based therapies comes from a comparison of severe pneumonitis, esophagi-
tis, and bone marrow toxicity rates among patients with locally advanced NSCLC
treated by proton beam therapy with those among patients treated previously with
three-dimensional conformal radiation therapy or IMRT, all with concurrent che-
motherapy. The results suggested that proton beam therapy with concurrent chemo-
therapy led to less bone marrow toxicity, less treatment-related pneumonitis, and
less esophageal toxicity than did three-dimensional conformal radiation or IMRT
with concurrent chemotherapy [49]. Whether this lesser toxicity would allow fur-
ther radiation dose escalation or use of more aggressive systemic regimens with
proton beam therapy needs to be tested prospectively in a randomized trial. One
such trial currently under way is comparing proton beam therapy with IMRT, both
with concurrent carboplatin-and-paclitaxel chemotherapy, for locally advanced lung
cancer. This trial, funded by the U.S. National Cancer Institute and conducted jointly
by MD Anderson Cancer Center and Massachusetts General Hospital, is the first
direct comparison of these two techniques in terms of local tumor control and the
incidence of severe pneumonitis.

Normal Tissue Toxicity

As noted previously, normal tissue toxicity becomes increasingly important when
chemotherapy is given with radiation. Rates of pneumonitis, a potentially lethal
late side effect of radiation, have been declining with the use of increasingly more
conformal radiation techniques, being highest after two-dimensional radiation
therapy and becoming progressively lower after three-dimensional conformal
radiation therapy, IMRT, and proton beam therapy [42]. Another approach to min-
imizing the incidence of severe pneumonitis is by finding ways to identify patients
at relatively higher or lower risk of this side effect and tailoring the radiation
fields and delivery accordingly. This susceptibility may have a genetic compo-
nent, as revealed in epidemiologic studies of associations between single nucle-
otide polymorphisms (SNPs) in certain genes and the incidence of radiation-induced
pneumonitis [50-54].
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The Future

Much of the improvement in outcomes achieved for patients with NSCLC during
the past two decades has resulted from tobacco cessation and early detection through
the use of low-dose spiral CT for individuals considered at high risk of developing
lung cancer [55]. The importance of eliminating smoking cannot be overempha-
sized, particularly for young people. As for early detection, if NSCLC is detected
early enough, it can be cured by surgery or, if patients are unable or unwilling to
undergo surgery, by SBRT. Outcomes for patients with locally advanced or meta-
static NSCLC can be improved only through a better understanding of the biologi-
cal basis of the disease. Such an understanding should lead to the development of
“smarter” (more individualized) therapy and more effective chemotherapeutic or
molecular targeted agents for use alone or in combination with local treatments such
as surgery, SBRT, IMRT, or proton beam therapy. The search for molecular abnor-
malities in tumors and for agents that target those abnormalities ultimately requires
the development of validated predictive biomarkers from prospectively collected
tissue samples. A novel strategy for systematically addressing this need, and a major
focus of the MD Anderson lung cancer group, is the BATTLE (Biomarker-integrated
Approaches of Targeted Therapy for Lung Cancer Elimination) program. This mul-
tidisciplinary effort, sponsored by the U.S. Department of Defense, comprises four
separate clinical trials, the goal of which is to identify those patients who are most
likely to benefit from promising targeted investigational agents. As for other
approaches, local therapies involving surgery will become even less invasive, allow-
ing increasing numbers of patients to benefit from surgery, particularly those with
borderline pulmonary reserve. Several techniques for planning and delivering radia-
tion therapy that are being investigated for future use include means of explicitly
incorporating motion and setup uncertainty into the calculation of radiation doses
and means of tracking the motion of a moving target during the delivery of radia-
tion. Future developments in proton beam therapy such as discrete spot scanning
and intensity-modulated proton therapy must await resolution of tumor motion
issues when these advanced techniques are to be used. Radiation therapy may
become, in the near future, as effective as surgical options for many patients. The
recent ASCO/NCCN guidelines for screening high-risk patients with chest CT for
early detection of NSCLC will hopefully also lead to earlier disease stages at diag-
nosis, hence higher probability of cure.

Acknowledgments We thank the Thoracic Radiation Oncologists, Thoracic & Head/Neck
Medical Oncologists, Thoracic Cardiovascular Surgeons, Pulmonary Medicine Specialists,
Thoracic Pathologists and Medical Physicists involved in the care of patients with lung
cancer at MD Anderson Cancer Center. We also thank Christine F. Wogan for her efforts in devel-
oping this report.



60

R. Komaki et al.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Jemal A, Siegel R, Xu J, Ward E. Cancer statistics 2010. CA Cancer J Clin.
2010;60:277-300.
Kamholz SL. Pulmonary and cardiovascular consequences of smoking. Med Clin North Am.
2004,88:1415-30.

. Wistuba II, Behrens C, Milchgrub S, et al. Sequential molecular abnormalities are involved in

the multistage development of squamous cell carcinoma. Oncogene. 1999;18:643-50.

. Van Schil PE. Surgery: therapeutic indications. Cancer Radiother. 2007;11(1-2):47-52.
. Mountain CF. Revisions in the international system for staging lung cancer. Chest.

1997;111:1710-7.

. Burdett S, Stewart L, Rydzewska L. A systematic review and meta-analysis of the literature:

chemotherapy and surgery vs surgery alone in non small cell lung cancer. J Thorac Oncol.
2006;1:611-21.

. Pignon JP, Tribodet H, Scagliotti GV, et al. Lung adjuvant cisplatin evaluation (LACE): a

pooled analysis of five randomized clinical trials including 4,584 patients. J Clin Oncol.
2006;24 Suppl 18:7008.

. Albain K, Swann R, Rusch V, et al. Radiotherapy plus chemotherapy with or without surgical

resection for stage III non-small-cell lung cancer: a phase III randomised controlled trial.
Lancet. 2009;374:379-86.

. Fang C, Komaki R, Allen P, et al. Comparison of outcomes for patients with medically inoper-

able stage I non-small-cell lung cancer treated with two-dimensional vs. three-dimensional
radiotherapy. Int J Radiat Oncol Biol Phys. 2006;66(1):108-16.

Grills IS, Mangona VS, Welsh R, et al. Outcomes after stereotactic lung radiotherapy or wedge
resection for stage I non-small-cell lung cancer. J Clin Oncol. 2010;28(6):928-35.

Zhang X, Li Y, Pan X, et al. Intensity-modulated proton therapy reduces the dose to normal
tissue compared with intensity-modulated radiation therapy or passive scattering proton ther-
apy and enables individualized radical radiotherapy for extensive stage IIIB non-small-cell
lung cancer: a virtual clinical study. Int J Radiat Oncol Biol Phys. 2010;77(2):357-66.
National Comprehensive Care Network. Non-small cell lung cancer. NCCN Practice Guidelines
in Oncology v2; 2010. http://www.nccn.org/professionals/physician_gls/PDF/nscl.pdf.
Arriagada R, Bergman B, Dunant A, et al. Cisplatin-based adjuvant chemotherapy in patients
with completely resected non-small-cell lung cancer. N Engl J Med. 2004;350(4):351-60.
Winton T, Livingston R, Johnson D, et al. Vinorelbine plus cisplatin vs. observation in resected
non-small-cell lung cancer. N Engl J Med. 2005;352(25):2589-97.

Strauss GM, Herndon 2nd JE, Maddaus MA, et al. Adjuvant paclitaxel plus carboplatin com-
pared with observation in stage IB non-small-cell lung cancer: CALGB 9633 with the Cancer
and Leukemia Group B, Radiation Therapy Oncology Group, and North Central Cancer
Treatment Group Study Groups. J Clin Oncol. 2008;26(31):5043-51.

Roth J, Fossella F, Komaki R, et al. A randomized trial comparing perioperative chemotherapy
and surgery with surgery alone in resectable stage IIIA non-small-cell lung cancer. J Natl
Cancer Inst. 1994;86:673-80.

Hanna N, Neubauer M, Yiannoutsos C, et al. Phase III study of cisplatin, etoposide, and con-
current chest radiation with or without consolidation docetaxel in patients with inoperable
stage III non-small-cell lung cancer: the Hoosier Oncology Group and U.S. Oncology. J Clin
Oncol. 2008;26(35):5755-60.

Lynch TJ, Bell DW, Sordella R, et al. Activating mutations in the epidermal growth factor
receptor underlying responsiveness of non-small-cell lung cancer to gefitinib. N Engl J Med.
2004;350:2129-39.

Mok TS, Wu Y-L, Thongprasert S, et al. Gefitinib or carboplatin-paclitaxel in pulmonary ade-
nocarcinoma. N Engl J Med. 2009;361:947-57.

Koivunen JP, Mermel C, Zejnullahu K, et al. EML4-ALK fusion gene and efficacy of an ALK
kinase inhibitor in lung cancer. Clin Cancer Res. 2008;14(13):4275-83.


http://www.nccn.org/professionals/physician_gls/PDF/nscl.pdf

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Non-Small Cell Lung Cancer 61

Schiller JH, Harrington D, Belani CP, et al. Comparison of four chemotherapy regimens for
advanced non-small-cell lung cancer. N Engl J Med. 2002;346:92-8.

Johnson DH, Fehrenbacher L, Novotny WEF, et al. Randomized phase II trial comparing beva-
cizumab plus carboplatin and paclitaxel with carboplatin and paclitaxel alone in previously
untreated locally advanced or metastatic non-small-cell lung cancer. J Clin Oncol.
2004;22:2184-91.

Ciuleanu T, Brodowicz T, Zielinski C, et al. Maintenance pemetrexed plus best supportive care
versus placebo plus best supportive care for non-small-cell lung cancer: a randomised, double-
blind, phase 3 study. Lancet. 2009;374:1432-40.

Xia T, Li H, Sun Q, et al. Promising clinical outcome of stereotactic body radiation therapy for
patients with inoperable stage I/II non-small-cell lung cancer. Int J Radiat Oncol Biol Phys.
2006;66:117-25.

Onishi H, Araki T, Shirato H, et al. Stereotactic hypofractionated high-dose irradiation for
stage I non-small cell lung carcinoma clinical outcome in 245 subjects in a Japanese multi-
institutional study. Cancer. 2004;101(7):1623-31.

Nagata Y, Takayama K, Matsuo Y, et al. Clinical outcomes of a phase I/I study of 48 Gy of
stereotactic body radiotherapy in 4 fractions for primary lung cancer using a stereotactic body
frame. Int J Radiat Oncol Biol Phys. 2005;63(5):1427-31.

Chang JY, Balter PA, Dong L, et al. Stereotactic body radiation therapy in centrally and supe-
riorly located stage I or isolated recurrent non-small-cell lung cancer. Int J Radiat Oncol Biol
Phys. 2008;72(4):967-71.

Yom SS, Liao Z, Liu HH, et al. Initial evaluation of treatment-related pneumonitis in advanced-
stage non-small-cell lung cancer patients treated with concurrent chemotherapy and intensity-
modulated radiotherapy. Int J Radiat Oncol Biol Phys. 2007;68(1):94-102.

Chang J, Liu H, Komaki R. Intensity modulated radiation therapy and proton radiotherapy for
non-small-cell lung cancer. Curr Oncol Rep. 2005;7:255-9.

Douillard JY, Rosell R, De Lena M, et al. Adjuvant vinorelbine plus cisplatin versus observa-
tion in patients with completely resected stage IB-IITA non-small-cell lung cancer (Adjuvant
Navelbine International Trialist Association [ANITA]): a randomised controlled trial. Lancet
Oncol. 2006;7(9):719-27.

Curran Jr WJ, Paulus R, Langer CJ, et al. Sequenial vs. concurrent chemoradiation for stage II1
non-small cell lung cancer: randomized phase III trial RTOG 9410. J Natl Cancer Inst.
2011;103(19):1452-60.

Furuse K, Fukuoka M, Kawahara M, et al. Phase III study of concurrent versus sequential
thoracic radiotherapy in combination with mitomycin, vindesine, and cisplatin in unresectable
stage Il non-small-cell lung cancer. J Clin Oncol. 1999;17(9):2692-9.

Fournel P, Robinet G, Thomas P, et al. Randomized phase III trial of sequential chemoradio-
therapy compared with concurrent chemoradiotherapy in locally advanced non-small-cell lung
cancer: Groupe Lyon-Saint-Etienne d’Oncologie Thoracique-Groupe Francais de Pneumo-
Cancerologie NPC 95-01 Study. J Clin Oncol. 2005;23(25):5910-7.

Socinski M, Rosenman J, Halle J, et al. Dose-escalating conformal thoracic radiation therapy
with induction and concurrent carboplatin/paclitaxel in unresectable stage IIIA/B non-small-
cell lung carcinoma. Cancer. 2001;92(5):1213-23.

Schild S, McGinnis W, Graham D, et al. Results of a phase I trial of concurrent chemotherapy
and escalating doses of radiation for unresectable non-small-cell lung cancer. Int J Radiat
Oncol Biol Phys. 2006;65(4):1106—11.

Bradley JD, Moughan J, Graham MYV, et al. A phase I/II radiation dose escalation study with
concurrent chemotherapy for patients with inoperable stages I to III non-small-cell lung can-
cer: phase I results of RTOG 0117. Int J Radiat Oncol Biol Phys. 2010;77(2):367-72.
Bradley J, Paulus R, Komaki R, et al. A randomized phase III comparison of standard-dose
(60 Gy) versus high-dose (74 Gy) conformal chemoradiotherapy +/— cetuximab for stage II1a/
IIIb non-small cell lung cancer: preliminary findings on radiation dose in RTOG 0617 (late-
breaking abstract 2). Presented at the 53rd Annual Meeting of the American Society of
Radiation Oncology, 2—6 October 2011, Miami.



62

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

R. Komaki et al.

Milas L, Mason K, Hunter N, et al. In vivo enhancement of tumor radioresponse by C225
antiepidermal growth factor receptor antibody. Clin Cancer Res. 2000;6:701-8.
Blumenschein GR, Paulus R, Curran WJ, et al. Phase II study of cetuximab in combination
with chemoradiation in patients with stage IIIA/B non-small-cell lung cancer: RTOG: 0324.
J Clin Oncol. 2011;29(17):2312-8.

Murshed H, Liu H, Liao Z, et al. Dose and volume reduction for normal lung using intensity-
modulated radiotherapy for advanced-stage non-small-cell lung cancer. Int J Radiat Oncol Biol
Phys. 2004;58(4):1258-67.

Liu H, Wang X, Dong L, et al. Feasibility of sparing lung and other thoracic structures with
intensity-modulated radiotherapy for non-small-cell lung cancer. Int J Radiat Oncol Biol Phys.
2004;58(4):1268-79.

Liao ZX, Komaki RR, Thames HD, et al. Influence of technologic advances on outcomes in
patients with unresectable, locally advanced non-small-cell lung cancer receiving concomitant
chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2010;76(3):775-81.

Belani C, Choy H, Bonomi P, et al. Combined chemoradiotherapy regimens of paclitaxel and
carboplatin for locally advanced non-small-cell lung cancer: a randomized phase II locally
advanced multi-modality protocol. J Clin Oncol. 2005;23(25):5883-91.

Rosell R, Gomez-Codina J, Camps C, et al. A randomized trial comparing preoperative che-
motherapy plus surgery with surgery alone in patients with non-small-cell lung cancer. N Engl
J Med. 1994;330(3):153-8.

Lung Cancer Study Group. Effects of postoperative mediastinal radiation on completely
resected stage II and stage III epidermoid cancer of the lung. N Engl J Med. 1986;315:
1377-81.

Douillard JY, Rosell R, De Lena M, et al. Impact of postoperative radiation therapy on survival
in patients with complete resection and stage I, II, or IIIA non-small-cell lung cancer treated
with adjuvant chemotherapy: the Adjuvant Navelbine International Trialist Association
(ANITA) Randomized Trial. Int J Radiat Oncol Biol Phys. 2008;72(3):695-701.

Chang JY, Komaki R, Wen HY, et al. Toxicity and patterns of failure of adaptive/ablative pro-
ton therapy for early-stage, medically inoperable non-small cell lung cancer. Int J Radiat Oncol
Biol Phys. 2011;80(5):1350-7.

Koay EJ, Lege D, Mohan R, et al. Adaptive/nonadaptive proton radiation planning and out-
comes in a phase II trial for locally advanced non-small cell lung cancer. Int J Radiat Oncol
Biol Phys. 2012 Apr 27 [Epub ahead of print].

Sejpal S, Komaki R, Tsao A, et al. Early findings on the toxicity of proton beam therapy with
concurent chemotherapy for nonsmall cell lung cancer. Cancer. 2011;117(13):3004—-13.

Yuan X, Liao Z, Liu Z, et al. Single nucleotide polymorphism at rs1982073:T869C of the
TGFbeta 1 gene is associated with the risk of radiation pneumonitis in patients with non-small-
cell lung cancer treated with definitive radiotherapy. J Clin Oncol. 2009;27(20):3370-8.

Yin M, Liao Z, Liu Z, et al. Genetic variants of the nonhomologous end joining gene LIG4 and
severe radiation pneumonitis in nonsmall cell lung cancer patients treated with definitive
radiotherapy. Cancer. 2012;118(2):528-35.

Yin M, Liao Z, Huang YJ, et al. Polymorphisms of homologous recombination genes and
clinical outcomes of non-small cell lung cancer patients treated with definitive radiotherapy.
PLoS One. 2011;6(5):e20055.

Yin M, Liao Z, Liu Z, et al. Functional polymorphisms of base excision repair genes XRCC1
and APEX1 predict risk of radiation pneumonitis in patients with non-small cell lung cancer
treated with definitive radiation therapy. Int J Radiat Oncol Biol Phys. 2011;81(3):e67-73.
Hildebrandt MA, Komaki R, Liao Z, et al. Genetic variants in inflammation-related genes are
associated with radiation-induced toxicity following treatment for non-small cell lung cancer.
PLoS One. 2010;5(8):e12402.

National Lung Screening Trial Research Team. Reduced lung-cancer mortality with low-dose
computed tomographic screening. N Engl J Med. 2011;365(5):395—409.



Chapter 7
Small Cell Lung Cancer

Frank V. Fossella

Introduction

Small cell lung cancer (SCLC) accounts for about 13% of all lung cancer cases,
with about 29,000 new cases diagnosed annually in the USA [1]. The incidence of
SCLC is declining, due in part to decreased smoking rates, increased use of filtered
cigarettes, and changes in pathologic criteria for classifying SCLC [2].

SCLC occurs almost exclusively in smokers. In contrast to non—small cell lung
cancer, SCLC generally has a more rapid doubling time, a higher growth fraction,
and a greater propensity for early nodal and distant metastases. Although this neo-
plasm is very sensitive to first-line chemotherapy and radiotherapy (XRT), most
patients experience relapse after initial treatment and ultimately die of their recur-
rent disease.

Staging of SCLC

Except in rare cases of very early stage SCLC with a very small primary lesion and
no nodal disease, the TNM staging system is not used in staging this cancer. Instead,
this disease is staged as either “limited” or “extensive.” Limited-stage disease is
confined to one hemithorax and can be encompassed within a tolerable radiation
port; this includes patients with mediastinal and ipsilateral supraclavicular involve-
ment but excludes patients with pleural/pericardial effusion, contralateral hilar ade-
nopathy, and contralateral supraclavicular adenopathy. Extensive-stage disease
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Table 7.1 Small cell lung cancer population at MD Anderson Cancer Center*

Population group No. of patients

Patients with small cell lung cancer initially presenting to MD 5,286
Anderson Cancer Center on or before 12/31/2004

No previous treatment 3,408

Definitive MD Anderson treatment 2,536

No other primaries except superficial skin cancers 2,164

*Survival calculated from initial presentation to MD Anderson

Table 7.2 Numbers and percentages of patients presenting to MD Anderson
(1944-2004) by decade and disease stage

SEER stage at presentation

Limited Extensive Unstaged Total
Decade [No. (%) of patients]
1944-1954 1 (100.0) 0(0) 0(0) 1 (100.0)
1955-1964 11 (20.4) 42 (77.8) 1(1.9) 54 (100.0)
1965-1974 84 (23.0) 267 (73.2) 14 (3.8) 365 (100.0)
1975-1984 220 (35.0) 397 (63.1) 12 (1.9) 629 (100.0)
1985-1994 198 (31.9) 378 (61.0) 44 (7.1) 620 (100.0)
1995-2004 133 (26.9) 318 (64.2) 44 (8.9) 495 (100.0)
Total 647 (29.9) 1,402 (64.8) 115 (5.3) 2,164 (100.0)

SEER Surveillance, Epidemiology, and End Results program

extends beyond the ipsilateral hemithorax and includes patients with malignant
pleural or pericardial effusions [3].

About 30—40% of patients with SCLC present with limited-stage disease. These
patients receive multimodality treatment, with curative intent. The remaining
60-70% of SCLC patients have extensive-stage disease at diagnosis. They receive
chemotherapy and/or XRT alone, with a goal of symptom palliation and/or prolon-
gation of survival.

Tables 7.1 and 7.2 show the incidence and staging of SCLC at MD Anderson
Cancer Center between 1944 and 2004.

Clinical Presentation of SCLC

SCLC usually arises in the proximal airways and spreads submucosally, resulting in
airway obstruction. Early nodal spread is common, and the presenting X-rays often
show the proximal primary tumor with associated bulky hilar and mediastinal ade-
nopathy. Typical presenting symptoms include dyspnea and/or cough. Due to the
submucosal growth pattern of this tumor, hemoptysis is less likely than with other
types of lung cancer. Due to the large size of the primary tumor and regional nodes,
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patients with right-sided tumors may present with superior vena cava obstruction.
The 60-70% of patients with distant metastases at diagnosis may present with
symptoms referable to their sites of metastases, including pain from skeletal metas-
tasis, headache or neurologic symptoms from brain metastasis, and/or anorexia,
weight loss, or jaundice from hepatic metastasis.

Some patients with SCLC present with paraneoplastic syndromes. The paraneo-
plastic syndromes associated with SCLC are either endocrine syndromes (mediated
by peptides produced by the tumor) or neurologic syndromes (autoimmune-related).
Although the endocrine syndromes usually improve with effective treatment of the
underlying cancer, the neurologic syndromes may persist despite effective antican-
cer treatment.

The most common endocrine syndrome — syndrome of inappropriate antidiuretic
hormone (SIADH)—occurs in 10-15% of SCLC patients. It is due to ectopic ADH
production by tumor cells and results in hyponatremia [4]. Cushing syndrome,
which occurs in 3-7% of patients, is due to ectopic adrenocorticotropic hormone
and results in hypokalemic alkalosis and hyperglycemia [5]. Patients with Cushing
syndrome due to SCLC tend to have a worse prognosis, in part due to increased
incidence of opportunistic infections [6].

A neurologic paraneoplastic syndrome associated with SCLC includes Eaton—
Lambert myasthenic syndrome, which occurs in 3% of patients. It is caused by
calcium channel autoantibodies and results in proximal muscle weakness. Unlike
some of the other neurologic syndromes, Eaton—Lambert syndrome often improves
with anticancer therapy. Other neurologic paraneoplastic syndromes associated
with SCLC include cerebellar degeneration, encephalomyelitis, limbic encephalitis,
autonomic or sensory neuropathy, retinopathy, and myotonia/Isaacs syndrome.
These are mediated by a variety of autoantibodies, including anti-Hu, anti-CV2/
CRMPS, and anti-Zic4. Although some of these neurologic syndromes may improve
or stabilize with anticancer treatment, others may not improve despite adequate
treatment of the underlying cancer [7].

Natural History and Prognosis of SCLC

SCLC has a very aggressive clinical course: the median survival duration for
untreated patients is only 2—4 months [8]. Fortunately, SCLC is very responsive to
chemotherapy, with response rates to first-line combination chemotherapy ranging
from 60% to 80%. The median survival duration with chemotherapy is 18—-30 months
for limited-stage disease and 8—12 months for extensive-stage SCLC [7]. However,
despite the excellent responses seen with first-line therapy, most patients will expe-
rience relapse and ultimately die of their disease within 2 years. The cure rate for
SCLC is 10-15% for patients with limited-stage disease and only 1-2% for those
with extensive-stage disease. Adverse prognostic factors for SCLC include poor
performance status, extensive stage, and elevated lactic dehydrogenase level [5].

Figure 7.1 shows the overall survival rates for all patients with SCLC who were
treated at MD Anderson Cancer Center between 1944 and 2004.
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Years Since Presentation

b Percent Survival
Year 60 mo 120 mo
1944-54 0.0 0.0
1955-64 3.7 0.0
1965-74 0.8 0.5
1975-84 3.7 1.6
1985-94 5.3 2.5
1995-04 11.0 7.9

Fig.7.1 (a)Overall survival rates for patients with small cell lung cancer (1944-2004) (P <0.0001,
log-rank test for trend). Because of the very small number of individuals with small cell lung can-
cer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable. (b) Kaplan—
Meier survival table.

Principles of Chemotherapy for SCLC

Because SCLC usually presents with early systemic spread, neither surgical resection
nor XRT alone is rarely appropriate, even for patients with limited-stage disease.
SCLC must be treated as a systemic disease, and as such, chemotherapy is the cor-
nerstone of treatment.

Combination chemotherapy regimens for SCLC are clearly superior to single
agents in terms of response rates and survival [7]. One of the original effective com-
bination regimens, cyclophosphamide, doxorubicin (Adriamycin), and vincristine
(CAV), was supplanted in the 1980s by etoposide and cisplatin (Platinol) (EP) based
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on data showing it to be at least as effective at CAV but with a more favorable toxicity
profile, particularly when given with concurrent thoracic XRT [9]. EP remains the
most widely used regimen for treatment of SCLC, with response rates ranging from
60% to 80%.

Alternating or sequential chemotherapy regimens for SCLC were studied in the
1980s. None of these studies, which used varying combinations and sequences of
etoposide, cisplatin, cyclophosphamide, doxorubicin, and vincristine, showed any
consistent survival advantage [10-14].

The addition of other cytotoxic agents to the backbone of EP has generally
yielded greater toxicity without consistent improvement in survival [15-18].

Studies that have sought to improve the efficacy of EP by substituting the etopo-
side with an alternative active agent have yielded conflicting results. An initial
Japanese trial that replaced etoposide with a combination of irinotecan and cisplatin
(Platinol) (IP) showed favorable results [19]; however, these findings were not
borne out in two subsequent North American studies [20, 21]. A European study
showed improved response rates and survival with irinotecan/carboplatin versus
etoposide/carboplatin [22]. However, interpretation of this study was complicated
by the fact that patient outcomes in both arms of the trial were not as favorable as
expected compared with historical controls. In a another phase III study, the substi-
tution of topotecan for etoposide, in combination with cisplatin, did not improve
survival compared with EP [23]. Therefore, etoposide/platinum doublets remain the
gold standard for the treatment of SCLC.

Another strategy that has been used to improve chemotherapy efficacy for SCLC
has been to increase dose density or intensity. Several randomized studies using a
dose-dense approach showed only modest benefit. A Japanese trial [24] used a non-
platinum-containing regimen, thus limiting the applicability of this study to stan-
dard practice. In a British study [25] of 299 patients randomized to receive
vincristine, ifosfamide, etoposide, plus carboplatin every 4 weeks versus every
3 weeks, survival was superior with the 3-week regimen (2-year survival of 18%
versus 33%). However, the fact that there were no substantial differences in toxicity
between the arms suggests that the 3-week cycle was not truly “dose dense.” Another
study evaluated cyclophosphamide, doxorubicin, and etoposide at 3-week versus
2-week intervals, with granulocyte colony-stimulating factor support in the dose-
dense arm; no survival advantage was observed in the dose-dense arm [26].

A small randomized trial comparing ifosfamide, carboplatin, and etoposide every
4 weeks versus a dose-dense regimen schedule given every 2 weeks (with filgrastim
and autologous peripheral blood progenitor cell support) showed improvement in
survival and time to progression [27]. However, a larger phase III trial did not sup-
port these findings since there were no differences in response rate, time to progres-
sion, or survival [28]. Tworandomized trials comparing high-dose with standard-dose
EP for extensive SCLC did not show any survival advantage with the high-dose
approach [29, 30].

And, finally, a meta-analysis of 60 studies that assessed the relationship between
intended chemotherapy dose intensity of CAV or EP and response or median sur-
vival failed to show any correlation with improved outcome [31].



68 F.V. Fossella

With regard to prolonged administration of chemotherapy, a study which
compared four cycles of EP versus six cycles of CAV versus six cycles of alternat-
ing CAV/EP for patients with extensive-stage SCLC found the regimens to be
equivalent with respect to response rate and survival [12]. Two randomized trials
comparing observation versus maintenance chemotherapy (oral etoposide [32] or
topotecan [33]) after completion of first-line therapy for extensive-stage SCLC did
not show any survival advantage for the patients receiving maintenance therapy.
The general standard of care for first-line treatment of SCLC is four cycles and six
cycles of EP for patients with limited-stage and extensive-stage disease, respec-
tively. There is probably no role for prolonged or maintenance chemotherapy as
first-line treatment.

Treatment of Limited-Stage SCLC

As previously discussed, surgical resection is rarely appropriate for patients with
limited-stage SCLC. The optimal treatment for limited-stage SCLC requires a com-
bined-modality approach of both chemotherapy and XRT [34]. The chemotherapy
regimen of choice is EP, both because of its favorable toxicity profile (particularly
when given concurrently with chest XRT) and improved survival. Data do not sup-
port the use of dose-dense, dose-intense, or maintenance chemotherapy, or the addi-
tion of other cytotoxics.

Sequential, concurrent, and alternating schedules have been evaluated in inte-
grating thoracic XRT with chemotherapy. Data have shown that the use of concur-
rent chemoradiation is superior to sequential. The early integration of thoracic XRT
with systemic chemotherapy is crucial in treating limited-stage SCLC. In a National
Cancer Institute of Canada phase III trial of thoracic XRT (40 Gy over 3 weeks)
initiated with either cycle 2 or cycle 6 of chemotherapy (alternating CAV/EP),
progression-free survival and overall survival were improved in the patients
receiving early chemotherapy [35]. In a similar trial of XRT (1.5 Gy twice daily to
54 Gy) given either during weeks 1-4 or during weeks 6-9 of concurrent chemotherapy
with etoposide/carboplatin, survival was improved in the early chemotherapy arm [36].
At least four meta-analyses addressing the timing of thoracic XRT have been pub-
lished. Although not all individual trials have consistently shown a benefit to early
thoracic XRT, the weight of evidence suggests a modest survival benefit with early
rather than delayed thoracic XRT [7].

The current standard of care for limited-stage SCLC is based on the INT-0096
study [37]. This study compared 45 Gy given either twice daily (1.5 Gy per frac-
tion) over 3 weeks or once daily (1.8 Gy per fraction) over 5 weeks in 417 patients
with limited-stage SCLC. Patients received four cycles of EP, the first two cycles
of which were given concurrently with thoracic XRT. There was significant
improvement in survival in the hyperfractionated (twice daily) XRT arm (median
survival, 23 versus 19 months; 5-year survival rates, 26% versus 16%), although at
a cost of more grade 3 esophagitis (27% versus 11%). Because of this increase in
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toxicity, as well as logistical issues encountered in delivering twice-daily XRT in
many communities, the use of accelerated hyperfractionated thoracic XRT has not
been uniformly adopted. In those settings in which twice-daily thoracic XRT is not
believed to be appropriate or feasible, once-daily thoracic XRT should be given to
a total dose of at least 60 Gy.

An ongoing phase III trial is being conducted by the Cancer and Leukemia Group
B/Radiation Therapy Oncology Group (CALGB/RTOG) to compare standard 45 Gy
twice-daily thoracic XRT with two experimental thoracic XRT regimens: 70 Gy
(2 Gy once-daily over 7 weeks) or 61.2 Gy (1.8 Gy once-daily for 16 days followed
by 1.8 Gy twice-daily concomitant boost for 9 days). In all three treatment arms, the
XRT is started with cycle 1 of EP chemotherapy. The study objective is survival,
with toxicity and local/distant rates of control as secondary end points. Pending the
outcome of this trial, however, 45-Gy twice-daily thoracic XRT, with four cycles of
concurrent EP, should be considered the standard of care for limited-stage SCLC
when feasible.

As noted above, patients with SCLC rarely present with disease at an early
enough stage to warrant surgery. However, surgery is appropriate for the rare patient
who presents with stage I disease, provided that their tumor is peripheral and that
nodal metastases have been ruled out preoperatively by mediastinoscopy or endo-
bronchial ultrasonography. Definitive surgery should include a lobectomy with
mediastinal dissection. Because of the high rate of microscopic metastases, postop-
erative adjuvant EP chemotherapy should be administered to all patients.
Furthermore, if metastases to hilar and/or mediastinal nodes are found at surgery,
concurrent thoracic XRT should also be given.

Figure 7.2 shows the overall survival rates for all patients with limited-stage
SCLC who were treated at MD Anderson Cancer Center between 1944 and 2004.

Treatment of Extensive-Stage SCLC

Treatment for extensive-stage SCLC consists of systemic chemotherapy alone; XRT
is used only for immediate palliation of cancer-related symptoms. Six cycles of EP
is the regimen of choice for these patients, with response rates ranging from 60% to
80%. Despite this good response to first-line chemotherapy, however, most patients
experience relapse and eventually die of their disease. Median survival duration of
patients with extensive-stage SCLC is 8—12 months, and the 5-year survival rate is
less than 5%. Unfortunately, improvements in survival in the past two to three
decades have been only modest. Some improvements have occurred, however,
which have primarily been due to better supportive care measures; others can be
attributed to more common use of second- and third-line chemotherapy for patients
whose disease progressed after first-line therapy [7].

Figure 7.3 shows the overall survival rates for all patients with extensive-stage
SCLC who were treated at MD Anderson Cancer Center between 1944 and 2004.
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Fig. 7.2 (a) Survival rates for patients with limited-stage (SEER) small cell lung cancer (1944—
2004) (P<0.0001, log-rank test for trend). Because of the very small number of individuals with
limited-stage small cell lung cancer seen from 1944 to 1954 and from 1955 to 1964, data from
these periods were excluded. N.A. not applicable. (b) Kaplan—Meier survival table.

Prophylactic Cranial Irradiation

Brain metastasis is a common site of spread in SCLC. Although our treatment of
limited-stage disease has improved local control, brain metastasis as a site of relapse
in patients treated for limited-stage SCLC is a major challenge, since about 60% of
these patients will eventually develop central nervous system recurrence [38].
Between 1977 and 1995, 11 prospective randomized trials evaluated prophylactic
cranial irradiation (PCI) in patients with SCLC. Although all but two reported a
significant reduction in brain metastasis, none demonstrated a survival advantage.
However, a meta-analysis of 987 patients (mostly with limited-stage disease) in com-
plete remission who took part in seven of these trials did show modest but significant
improvement in 3-year survival rates, from 15.3% to 20.7%, with the use of PCI [39].
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Fig. 7.3 (a) Survival rates for patients with extensive-stage (SEER) small cell lung cancer (1944—
2004) (P<0.0001, log-rank test for trend). Because of the very small number of individuals with
extensive-stage small cell lung cancer seen from 1944 to 1954, data from this period were excluded.
N.A. not applicable. (b) Kaplan—Meier survival table.

Until recently, it was unclear whether patients with extensive-stage SCLC would
also benefit from PCI. A randomized trial by the European Organisation for Research
and Treatment of Cancer (EORTC) Radiation Oncology and Lung Cancer group ran-
domized patients with extensive-stage SCLC who had responded to four to six cycles
of chemotherapy to receive PCI or observation. Patients in the PCI group had a lower
risk of symptomatic brain metastases (14.6% versus 40.4%) and improvement in
1-year survival rates (27.1% versus 13.3%). The one caveat to this study is that more
patients in the PCI arm received second-line chemotherapy than did those in the
observation arm, which could account for some of the survival advantage [40].

Thus, on the basis of the meta-analysis and the EORTC study, PCI is recommended
for patients with both limited- and extensive-stage SCLC who achieve complete or
near-complete remission after first-line therapy.
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Despite the survival advantage with PCI, there has been some concern about late
treatment-related neurotoxicity in long-term survivors. The EORTC study cited above
did not show any neurologic sequelae in the patients who received PCI, at least over
the short duration of follow-up reported. Furthermore, four additional randomized
trials showed no differences in neurocognitive function in comparing patients who
received PCI with those who did not (over follow-up periods as long as 30 months) [7].
However, there may be an increased risk of neurotoxicity from PCI when it is given
concurrently with or before chemotherapy, when radiation fractions are greater than
2.5 Gy, and/or when the total radiation dose is more than 30 Gy [41]. Thus, PCI
should be administered in 2- to 2.5-Gy daily fractions to a total dose of 25-30 Gy.

Second-Line Chemotherapy for Relapsed
Disease After First-Line Therapy

Despite the high response rate to first-line chemotherapy, about 80% of patients
with limited-stage SCLC and virtually all patients with extensive-stage SCLC will
experience relapse. Generally, the response to second-line therapy, and thus sur-
vival from time of relapse, is influenced by the response to first-line chemotherapy
and the progression-free interval following completion of first-line therapy [42—46].
Consequently, in considering how to treat patients with relapsed disease, one must
classify them as having either “sensitive relapse” (i.e., responsive to first-line ther-
apy, with a progression-free interval of at least 90 days) or “resistant relapse” (i.e.,
progressive while receiving first-line therapy, or responsive to first-line therapy, but
experiencing relapse within 90 days).

Patients with sensitive relapse may respond to the same regimen used in their
first-line treatment (usually an etoposide-platinum doublet). This approach is based
on four small retrospective series [42—44, 46] that showed that patients with sensi-
tive relapse treated with chemotherapy regimens that included some or all of the
drugs used in their initial treatment had high response rates (50—80%). Although
this re-induction approach has not been prospectively studied, it is widely accepted
that patients with sensitive relapse, especially those with a progression-free interval
of 6 months or longer, should be treated again with the regimen to which they
responded in the first-line setting.

Other options for second-line treatment, either for patients who do not respond
to re-induction or for those with resistant relapse, include CAV or single-agent topo-
tecan or irinotecan. Topotecan is the most extensively studied agent for relapsed
SCLC; response rates to topotecan as a second-line agent range from 11% to 31%
in sensitive disease and from 2% to 7% in resistant disease; median survival times
range from 25 to 36 weeks and from 16 to 21 weeks, respectively [47-53].

Irinotecan, although not studied nearly as extensively as topotecan in patients
with recurrent disease, appears to have similar activity [54]. The taxanes have under-
gone limited study in the second-line treatment of SCLC. Response rates with pacli-
taxel and docetaxel have ranged from 20% to 29% [55-57]. And finally, palliative
radiation is effective and is used commonly in drug-resistant and recurrent SCLC.
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Chapter 8
Colon Cancer

Cathy Eng, Patrick Lynch, and John Skibber

Introduction

Globally, colorectal cancer is one of the leading causes of cancer morbidity and
mortality. In the USA, it is the third leading cause of cancer and the second leading
cause of cancer death; colorectal cancer will be diagnosed in approximately 141,210
Americans this year and in 1 of every 20 Americans in their lifetime [1]. More than
two-thirds of these cases will originate from the colon vs. the rectum. For the pur-
pose of this chapter, we will focus on the more common colon cancer.

Most patients present with early-stage colon cancer and are treated by surgery
with curative intent. However, approximately 25% of patients present with advanced
stage I'V disease. A minority of these patients (20%) will be considered for surgical
resection. Successful eradication of metastatic disease requires multidisciplinary
management by a team of pathology, medical, surgical, and radiation oncology
professionals. Although several developments in cancer biology, systemic chemo-
therapy, targeted therapy, surgery, diagnostic imaging, and radiation oncology
have evolved over the past two decades, our purpose is not to discuss each indi-
vidual entity or approach. We propose to describe here the overall impact of these
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Fig. 8.1 Overall survival rates for patients with colon cancer (1944-2004) (P <0.0001, log-rank
test for trend).

developments on the outcome of patients with local, regional, or distant (advanced)
colon cancer (Figs. 8.1, 8.2, 8.3, and 8.4) who were treated at MD Anderson Cancer
Center over six decades.

Historical Perspective

An early diagnosis of colon cancer is imperative for optimal outcome. Patients with
stage I disease have an excellent 5-year overall survival (OS) rate of 95% and
remain on surveillance after surgical resection. Yet the majority of patients present
with locally advanced disease (AJCC stage II or stage III), for which adjuvant che-
motherapy is considered in order to reduce the risk of recurrence, the overall sur-
vival benefit for these patients is <10%. Patients with stage IV disease are rarely
cured with chemotherapy alone and have a 5-year OS rate of 11%. However,
advances in chemotherapy have dramatically improved response rates, allowing
reduction in tumor burden and consideration of metastatic surgical resection. Hence,
for these selected patients, the expected 5-year OS rate increases to 30-60% [2].

Risk Factors

In a minority of patients, colorectal cancer develops because of inherited genetic
disorders including familial adenomatous polyposis (FAP) or hereditary non-
polyposis colorectal cancer (HNPCC) syndrome, as well as chronic inflammatory
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Fig. 8.2 Survival rates for patients with local (SEER stage) colon cancer (1944-2004) (P <0.0001,
log-rank test for trend).

100 —
Initial
Presentation Year
— 1944-54
80 — 1955-64
— 1965-74
— 1975-84
- —— 1985-94
& 60 — 1995-04
©
2
4
S 40
(/2]
20
0 T T T T

T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Years Since Presentation

Fig. 8.3 Survival rates for patients with regional (SEER stage) colon cancer (1944-2004)
(P<0.0001, log-rank test for trend).

bowel diseases such as ulcerative colitis and Crohn’s disease. However, in most
cases, sporadic colorectal cancer is diagnosed, a multifactorial process attributed
to both somatic and germline mutations. Recent literature indicates that a defect
in the microsatellite DNA mismatch repair gene may result in a microsatellite
instability (MSI) defect, commonly associated with HNPCC and sporadically
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due to hypermethylation of the promoter region (associated with MSI-high or
MSI-deficient mismatch repair protein).

The main limitation to use MSI testing is the fact that 12—15% of nonfamilial
colorectal cancers exhibit somatically acquired MSI, generally seen in older patients
with right-sided tumors. Despite this limitation in the use of MSI in predicting
HNPCC, there is an important reason to consider the use of routine MSI testing.
One characteristic that sporadic MSI shares with HNPCC is that patients with
MSI-H tumors have improved prognosis and survival [3]. Oddly, this trend exists
regardless of the relative insensitivity of MSI tumors to the agent most commonly
used in the adjuvant chemotherapy setting, S5-fluorouracil (5-FU), and its analogs
[4]. Retrospective studies have indicated that MSI status may affect the efficacy of
5-FU monotherapy and overall prognosis.

At MD Anderson, we have attempted to be one of the pioneers in addressing some
of the limitations in the use of MSI tumor testing. We have recently begun perform-
ing MSI testing by immunohistochemical (IHC) analysis for mismatch repair protein
expression in all new cases of colorectal cancer surgically resected at MD Anderson.
We have not yet initiated MSI testing in patients who undergo surgical resection in
outside institutions because of the logistic challenges encountered when requesting
unstained slides. However, this will be an initiative in the near future.

Since sporadic MSI exists in 12—-15% of all colorectal cancer, but HNPCC exists
in only 1-2%, it would be very undesirable to conduct expensive germline mutation
testing (>$2,000 just for hMSH2 and hMLHI1 tests) in all cases of MSI. Furthermore,
to do so would carry a predicted uninformative rate of >90%. Fortunately, assays
are now in place that can distinguish sporadic MSI from HNPCC-associated MSI.
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Polymerase chain reaction-based methylation assays and BRAF mutation testing
also work very well in this regard and are routinely reported as a supplement to
pathological testing in which MSI/THC analysis has shown abnormalities warranting
further evaluation [5, 6].

Treatment

Radical surgical resection with curative intent is appropriate for 80-90% of patients
with colon carcinoma and is the only treatment required for most tumors limited to
the bowel wall. In these cases, adequate surgical resection is the major treatment
factor affecting local control and cure [7, 8].

The primary principles of surgical management in colon cancer are as follows:

e Removal of the primary tumor along with proximal, distal, and radial resection
margins

e Treatment and drainage of lymphatics

e Restoration of function by anastomosis and avoidance of a permanent
colostomy

These principles of surgical management have remained largely constant over
the years. Surgical management must also include assessment for the presence of
liver metastases. Although this is commonly accomplished by palpation and inspec-
tion, intraoperative ultrasonography of the liver has been observed to increase the
likelihood of detecting small metastases. The extent of colonic resection is deter-
mined by the blood vessels that must be divided to remove the lymphatic drainage
of the tumor-bearing portion of the colon with tumor-free margins. This is the pri-
mary treatment approach in patients with colon carcinoma. Resection of intermedi-
ate and principal nodes requires ligation and division of the main vascular trunks to
the affected colon segment. Tumor-free margins are usually accomplished by resec-
tion of >5 cm of normal bowel proximal and distal to the tumor [9].

Excellent results have been obtained with wide mesenteric resection and adequate
lymphadenectomy. In addition to the therapeutic benefits of this procedure, by pre-
vention of local progression, lymphadenectomy is critical in the staging of colon
carcinoma. In colon cancer, recovery of involved lymph nodes is the parameter most
often used as an indicator of the need for adjuvant therapy within treatment guidelines
applicable in the USA. Mesenteric resection should be extensive enough to harvest at
least 12 lymph nodes for examination to allow for accurate staging. The number of
examined lymph nodes is a process outcome that involves the patient and tumor char-
acteristics, as well as the quality of the surgery and the pathology examination [10].

Laparoscopic techniques are widely used in the management of benign and
malignant colorectal conditions. These techniques can be carried out safely and suc-
cessfully, especially when conducted by an experienced laparoscopic surgeon.
Laparoscopic techniques have been shown to reduce the duration of hospitalization
and hasten recovery. The shortened stay associated with laparoscopic colectomy,



82 C. Eng et al.

attributable to early postoperative feeding, has resulted in changes to the treatment
of patients with colon cancer who undergo resection techniques. Available data on
the extent of lymphadenectomy and resection margins achieved by oncologic lap-
aroscopic resection indicate that this technique is comparable to open colectomy for
cancer. Rates of recurrence in port sites after laparoscopic resection have ranged
between 1.1% and 3.6%, similar to rates associated with laparotomy wounds in
patients treated by open resection. Similarly, there are equivalent results in terms of
local recurrence, distant metastases, and survival.

For those patients for whom chemotherapy must be considered, 5-FU has served
as the foundation for chemotherapy for almost five decades in both adjuvant and
metastatic settings, regardless of stage and purpose of therapy. Given the limited
variety of treatment, modifications in intravenous 5-FU administration have been
attempted, including bolus, continuous infusion (7 days), and most recently, the
De Gramont method of continuous infusion over 46—48 h. The oral fluoropyrimidine
capecitabine is an alternative to intravenous 5-FU, with similar toxic effects, and is
currently approved in early- and advanced-disease settings. Therapeutic advances
outside of 5-FU were not noted until 1998, when the topoisomerase-1 inhibitor iri-
notecan was the first drug for metastatic colorectal cancer administration as a single
agent and in combination with 5-FU [IFL (bolus 5-FU) or FOLFIRI (infusional
5-FU)]. Multiple trials have determined that irinotecan has no role in the adjuvant
setting but only in the metastatic setting.

FDA approval of the third-generation platinum analog oxaliplatin in 2004 added
to the treatment armamentarium. Unlike irinotecan, it is inactive as a single agent
and must be given in combination with either infusional 5-FU (FOLFOX), bolus
5-FU (FLOX), or the oral fluoropyrimidine capecitabine (XELOX). Oxaliplatin has
been determined to be efficacious in both early and advanced disease. The most
recent treatment advances (since 2006) have focused less on traditional cytotoxic
agents and more on biologic “targeted” agents, specifically the monoclonal antibod-
ies against the vascular endothelial growth factor (anti-VEGF) bevacizumab and the
epidermal growth factor receptors (anti-EGFRs) cetuximab and panitumumab.
These targeted therapies work best in combination with chemotherapy and are
suited at this time for the metastatic disease setting [11, 12]. Overall, these therapeu-
tic advances have improved the response, progression-free survival, and overall
survival for patients with metastatic disease.

The MD Anderson Cancer Center Experience

The intent of this chapter is to discuss the historical outcome of patients who were
treated at MD Anderson for all stages of colorectal cancer. Between 1944 and 2004,
a total of 20,880 patients initially presented to MD Anderson with a diagnosis of
colon cancer (Table 8.1); the number of patients presenting to our institution
increased linearly over this interval. Of these patients, 3,182 had no other cancers
and received their first course of treatment at MD Anderson (Table 8.1).
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Table 8.1 Colon cancer population
Patient demographics No. of patients

Patients with cancer of the colon initially presenting to MD Anderson 20,880
Cancer Center on or before 12/31/2004

No previous treatment 5,073
Definitive MD Anderson treatment 4,176
No other primaries except superficial skin cancers® 3,182

aSurvival calculated for this subgroup of 3,182 from initial presentation at MD Anderson

Table 8.2 Patients with colon cancer treated at MD Anderson, 1944-2004
SEER stage at presentation

In situ Local Regional Distant Unstaged  Total

Decade [No. (%) of patients]

1944-1954  1(1.7) 14 (23.3) 27 (45.0) 16 (26.7) 2(3.3) 60 (100.0)
1955-1964 3(0.8) 91(25.6)  144(40.4)  1133L7)  5(1.4) 356 (100.0)
1965-1974 3 (0.7)  102(22.7) 162(36.1) 180 (40.1)  2(0.4) 449 (100.0)
1975-1984 5(0.8) 114(18.9) 216(358)  263(43.6)  5(0.8) 603 (100.0)
1985-1994 0 (0) 143 (18.5) 284 (36.7)  332(42.9)  14(1.8)  773(100.0)
1995-2004 3(0.3)  147(15.6) 350 (37.2) 418 (44.4)  23(24) 941 (100.0)
Total 15(0.5) 611(19.2) 1,183(37.2) 1322(41.5) 51(1.6) 3,182 (100.0)

SEER Surveillance, Epidemiology, and End Results program

Among these 3,182 patients over this 60-year period, 611 (19.2%) had local
disease, 1,183 (37.2%) had regional disease, and 1,322 (41.5%) presented with
metastatic disease. There is an evident trend from seeing more patients with locore-
gional disease (23.3% vs. 15.6%) to seeing those with more distant disease (26.7%
vs. 44.4%), which probably reflects the fact that more patients with local disease are
receiving treatment in outside institutions, resulting in our seeing the more advanced
cases (Table 8.2).

For all stages, the 5-year OS rates appear to have remained fairly stagnant, but
clear improvement was seen in 10-year OS (30-41.1%) for all patients. The greatest
improvements in 5-year OS were notably in the past two decades for regional dis-
ease (51.9-75.6%) and distant disease (12.5-15.2%), likely due to modifications in
adjuvant and distant chemotherapy as well as to surgical approaches.

It should be noted again that for the 60-year duration, from 1944 to 2004, innova-
tions in chemotherapy for colon cancer were few. Thus, many significant chemo-
therapeutic developments of this past decade are not truly visualized in these data.

Conclusions

Over the past six decades, we have seen exponential growth in patients treated for
colon cancer at our institution for both early and advanced disease. During this
period, we have seen treatment developments expand beyond 5-FU alone to include
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four other chemotherapy agents. We have also seen great advances in surgical
techniques as well as in genetic and molecular testing. We have moved beyond the
standard chemotherapeutic cytotoxic agents and are focused on biologic agents
that are created as inhibitors of various receptors or ligands involved in colon car-
cinogenesis. We envision that this methodology will continue to evolve as various
molecular markers are validated as predictive for efficacy of therapy. Colon cancer
treatment has manifested as one of the most advanced fields in oncology. The land-
scape continues to change in its treatment, and it is presumed that MD Anderson
Cancer Center will continue to evolve with all future methodology.
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Chapter 9
Ovarian Cancer

Robert L. Coleman and David M. Gershenson

Introduction

Primary malignancy of the ovary is fortunately a relatively uncommon condition.
In 2011, however, more than 20,000 new cases will likely be diagnosed. Ovarian
cancer has a poor reputation for survivorship: nearly three-quarters of all diagnosed
patients succumb to the disease, distinguishing it as the most lethal gynecologic
malignancy. These statistics largely reflect the clinicopathologic course of the most
common type of ovarian cancer, epithelial ovarian cancer, which accounts for more
than 80% of primary cases. However, ovarian cancer may also arise from the germ
cells, ovarian stroma, and other supporting tissues; expected survivorship in such
cases is generally more favorable as a result of the early stage at diagnosis and the
high degree of chemotherapy and radiotherapy sensitivity, when adjuvant therapy is
recommended. Generally, younger women with ovarian cancer have a proliferative
but noninvasive element designated as “low malignant potential” or “borderline”
epithelial ovarian tumor. Clearly distinguishing the individual risk factors and thera-
peutic options for these subtypes is important, given their occurrence in women of
reproductive potential and unique natural history.

Risk factors for epithelial ovarian carcinoma are well established. Age is the
strongest patient-related risk factor. Overall, an estimated 1 in 70 women will
develop ovarian cancer in their lifetime, with age-specific incidence peaking at
75-80 years of age. This is especially startling considering the aging population in
the United States. The second-strongest risk factor is a family history of ovarian
and/or breast cancer. Women who are heterozygous for mutations of either BRCA 1
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or BRCA2 have an estimated lifetime risk of 16-60%. Other risk factors associated
with increased risk include nulliparity, involuntary infertility, early menarche, and
late menopause. Interestingly, oral contraceptive use, pregnancy, lactation, and
tubal ligation are associated with reduced risk. Collectively, on the basis of these
observations, the investigation into the etiology of this disease has been focused on
factors governing ovulation in the adnexa.

Although the exact process of malignant transformation is not known and is
likely not a solitary event, three interrelated theories have been proposed to explain
the epidemiological observations. The first posits that incessant ovulation leads to
repetitive wounding of the ovarian surface epithelium and generates cellular prolif-
eration in postovulatory repair. Such events could increase the probability of accu-
mulated genomic abnormalities. In addition, this cyclic reparative process is believed
to generate ovarian epithelial inclusion cysts, whose epithelia undergo carcinogenic
transformation in an environment of aberrant autocrine and paracrine growth factor
stimulation. Genomic profiling of these cells has demonstrated that they differ
significantly from surface epithelia, and although not overtly phenotypically malig-
nant, they express many factors associated with the cancer genotype.

A second theory postulates that surges of pituitary gonadotropins at ovulation
and persistently high concentrations after menopause stimulate surface epithelial
cells, which result in accumulation of genetic changes and carcinogenesis.

The third theory, supported by observations of increased risk associated with
endometriosis, pelvic inflammatory disease, mumps, and talc or asbestos exposure,
is associated with factors governing the inflammatory response. Changes in the
redox potential in the setting of ovulation and surface-epithelium repair might
account for accumulation of genetic injury promoting cancer transformation. Since
the inflammation-like setting in which ovulation occurs is dependent on cyclooxy-
genase-2 (COX2), this theory lends support to the exploration of the chemopreven-
tive potential of COX2 inhibitors.

Historical Perspective

When MD Anderson opened its doors in 1944, few diagnostic tools or therapeutic
modalities were available for the treatment of ovarian cancer. Primary surgery was
rather primitive; the aggressive and ultraradical surgical approaches to the treatment
of ovarian cancer had not yet evolved. Rather, surgery included possible removal of
the ovarian mass(es) without omentectomy or maximum cytoreductive surgery of
all gross diseases. The postoperative therapy available from 1944 to approximately
1954 included various radiotherapeutic techniques: intraperitoneal instillation of
radioactive gold or chromic phosphate solutions, open-field whole abdominal radia-
tion techniques, or the moving strip technique of delivering whole abdominal radia-
tion. The intraperitoneal techniques were primarily used to control malignant
effusions. With these treatments, 5-year survival rates were approximately 65% for
stage I, 40% for stage II, 18% for stage III, and 12% for stage IV.
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The period between 1955 and 1964 was dominated by alkylating agent chemotherapy,
used at MD Anderson for the management of ovarian cancer. The agents used in this
treatment included cyclophosphamide, melphalan, chlorambucil, nitrogen mustard,
and thio-TEPA. By 1960, early reports indicated objective responses in a high per-
centage of patients, some of which were dramatic, although drug deaths were also
reported. Based on preliminary results, melphalan (L-sarcolysin) was selected as the
alkylating agent worthy of further clinical trials.

By 1960, MD Anderson physicians were treating women with ovarian cancer
with surgery, irradiation, and chemotherapy in various sequences. Response rates to
chemotherapy were generally higher than 50%, and control of malignant effusions
was noted. Treatment guidelines that had evolved by this time included the follow-
ing: (1) Total abdominal hysterectomy and bilateral salpingo-oophorectomy was
used if surgically feasible; the omentum was removed only if gross tumor was pres-
ent. (2) For stage I disease, surgery was used, followed by abdominal strip irradia-
tion. (3) For stages II and III with no tumor implants larger than 2 cm, surgery was
used, followed by abdominal strip irradiation with a pelvic boost. (4) For cases with
tumor implants larger than 3 cm and/or ascites, chemotherapy with melphalan was
administered postoperatively. For patients who had a good response, abdominal
strip irradiation was then administered. In addition, during this era, second-look
surgery after a designated number of chemotherapy cycles was routinely performed
to assess response. For patients who developed progressive disease on melphalan,
5-fluorouracil was occasionally used as second-line chemotherapy. Overall, how-
ever, it was difficult to evaluate whether chemotherapy improved survival.

By the mid-1960s, second-look surgery after chemotherapy had become stan-
dard. However, only about 12% of patients receiving chemotherapy were candi-
dates for this procedure; the remainder generally developed progressive disease
during chemotherapy. Combination chemotherapy was introduced into clinical
practice at MD Anderson at this time in the form of the AcFuCy regimen—actino-
mycin-D, 5-fluorouracil, and cyclophosphamide. This combination regimen was
initially used for patients who experienced disease progression while taking mel-
phalan, and response rates in early trials ranged from 35% to 40%. However, com-
pared with melphalan, more serious toxic effects were noted; of the first 47 patients
so treated, 6 experienced serious toxic effects, and 3 died of drug complications.

Throughout the mid- to late-1960s, little progress was made. Furthermore,
because the options for treatment were extremely limited, all subtypes of ovarian
cancer—epithelial tumors, malignant germ cell tumors, and sex cord-stromal
tumors — were treated similarly. As the 1970s approached, the only major advance
was seen in a number of patients with disseminated ovarian dysgerminoma who had
been treated and cured with surgery followed by postoperative irradiation.

By 1970, a number of advances were on the horizon, the most dramatic being the
evolution of treatment for girls and young women with malignant ovarian germ cell
tumors [1]. About this time, the combination of vincristine, actinomycin-D, and
cyclophosphamide (VAC) was first used for nondysgerminomatous germ cell
tumors, resulting in significant improvement in survival rates. For patients with
stage I disease, the 5-year survival rates ranged from 85% to 90%, and for those
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with stage III disease, these 5-year rates were approximately 50%. For patients with
sex cord-stromal ovarian tumors, surgery remained the cornerstone of therapy
throughout the 1970s. No standard postoperative therapy was established, but for
patients with newly diagnosed disseminated disease or those with recurrent disease,
common treatments during this era included whole abdominal or pelvic irradiation
or combination chemotherapy with either AcFuCy or VAC. By the mid-1970s, sin-
gle-agent doxorubicin was being investigated as well.

For patients with epithelial ovarian cancers, a number of different strategies and
treatments were being studied during the 1970s. In 1970, a randomized clinical trial
was initiated for women with stage III epithelial ovarian cancer that compared
whole abdominal radiation using the moving strip technique with single-agent mel-
phalan. The results of this trial indicated relatively equivalent outcomes but with
different toxicities. Melphalan remained the standard postoperative chemotherapy
during most of this period.

Beginning in 1973 and ending in 1980, a series of four contract studies spon-
sored by the National Cancer Institute were conducted. The initial study, conducted
between 1973 and 1974, consisted of a three-arm trial of melphalan vs. 5-fluorouracil
vs. hexamethylmelamine. The second trial, conducted between 1974 and 1976, ran-
domized patients to melphalan, hexamethylmelamine, doxorubicin, or the combina-
tion of hexamethylmelamine and cyclophosphamide. The third trial, conducted
between 1976 and 1978, randomized patients to melphalan, the combination of hex-
amethylmelamine and cyclophosphamide, cisplatin, or the combination of hexam-
ethylmelamine, doxorubicin, and cyclophosphamide. And the final trial, conducted
between 1978 and 1980, randomized patients to either the combination of hexame-
thylmelamine, doxorubicin, and cyclophosphamide or the combination of mel-
phalan and cisplatin.

The major advance during the 1970s was the introduction of cisplatin, which
emerged as the most active drug to date for the treatment of ovarian cancer. The
other major advance was the standard use of combination chemotherapy by the end
of the 1970s. Starting in the early 1980s, the combination of cisplatin and cyclo-
phosphamide became the standard postoperative regimen, and the standard number
of cycles was 12, which was simply extrapolated from the melphalan era.

By the end of the 1970s, primary surgery was becoming more aggressive, accord-
ing to preliminary reports from Boston. Also during this period, neoadjuvant che-
motherapy was beginning to be used selectively for women with extensive metastatic
disease, massive malignant effusions, or severe comorbidities.

Also of note in the late 1970s, the combination of vinblastine, bleomycin, and
cisplatin (Platinol) (VBP) was introduced for patients with malignant ovarian germ
cell tumors, leading to further improvement in sustained remissions approaching
100% for stage I disease and 75% for advanced-stage disease. The VBP combination
continued to be used during the early part of the 1980s. For patients with ovarian sex
cord-stromal tumors, use of VAC gave way to the new combination of cisplatin,
doxorubicin (Adriamycin), and cyclophosphamide (PAC) by the early 1980s.

For postoperative treatment of high-risk early-stage epithelial ovarian cancers
and advanced-stage cancers during most of the 1980s, the combination of cisplatin
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and cyclophosphamide continued to be studied in a series of investigator-initiated
trials. By the mid-1980s, the number of cycles was abbreviated to 6. Carboplatin
was studied in clinical trials during the 1980s, and by the end of the decade, it was
being used primarily as a single agent for patients with recurrent disease.

For patients with malignant ovarian germ cell tumors, by the mid-1980s, etopo-
side (in the combination chemotherapy regimen bleomycin, etoposide, and cisplatin
[Platinol] [BEP]) had replaced vinblastine (in the combination regimen vinblastine,
bleomycin, and cisplatin [Platinol] [VBP]) [2]. A major advance during this period
was the substitution of postoperative BEP chemotherapy for irradiation in patients
with ovarian dysgerminoma. This allowed MD Anderson gynecologic oncologists to
much better preserve fertility in young patients. In the 1980s, fertility-sparing sur-
gery had become a treatment standard in these patients. For patients with metastatic
sex cord-stromal tumors, a clinical trial focused on BEP was initiated in 1988.

In the 1980s, surgical cytoreduction was becoming progressively more aggres-
sive, with the objective of achieving minimal residual disease. However, by the
mid-1980s, second-look surgery was becoming obsolete, primarily because of its
lack of clinical benefit.

For patients with epithelial ovarian cancers, primary cytoreductive surgery fol-
lowed by combination cisplatin and cyclophosphamide chemotherapy continued to
be the standard until paclitaxel was introduced into clinical trials in the early 1990s.
By the mid-1990s, after the publication of the Gynecologic Oncology Group (GOG)
111 protocol, combined paclitaxel and cisplatin became the new standard [3].

For patients with malignant germ cell tumors or sex cord-stromal tumors, treat-
ment advanced little during this period. With the introduction of paclitaxel, some of
the latter patients began to be treated with paclitaxel alone or with combined pacli-
taxel and cisplatin [4].

By the early 2000s, primary cytoreductive surgery was becoming even more
aggressive to achieve minimal residual disease, with diaphragmatic stripping or
debulking, a greater frequency of splenectomy, and more common bowel surgery or
lymph node debulking. Also during this period, findings from the GOG 158 trial
were published, which demonstrated that paclitaxel/carboplatin and paclitaxel/cis-
platin were equivalent in terms of efficacy, but a better therapeutic index was
reported with the former [5]. As a result, carboplatin replaced cisplatin almost com-
pletely as the standard regimen for both epithelial tumors and sex cord-stromal
tumors. For epithelial ovarian cancer, this combination remains a standard postop-
erative therapy.

The MD Anderson Cancer Center Experience

The MD Anderson Tumor Registry data set was derived from 12,411 women who
were diagnosed as having ovarian cancer between 1950 and 2004. Of this group,
2,536 women had received no previous treatment for ovarian cancer. After exclud-
ing patients who had received treatment elsewhere and those who had multiple
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Table 9.1 Women with ovarian cancer treated at MD Anderson, 1944-2004
SEER stage at presentation

Insitu  Local Regional  Distant Unstaged  Total
Decade [No. (%) of patients]
1944-1954 0 (0) 2(13.3) 3(20.0) 10 (66.7) 0(0) 15 (100.0)
1955-1964 0 (0) 10 (5.6) 10 (5.6) 143 (80.8) 14 (7.9) 177 (100.0)
1965-1974 0 (0) 13 (4.3) 19 (6.3) 260 (86.4) 9(3.0) 301 (100.0)
1975-1984 0 (0) 36 (10.2) 10 (2.8) 304 (86.1) 3(0.8) 353 (100.0)

1985-1994  2(0.5) 79 (18.8) 22(5.2) 301 (71.7) 16 (3.8) 420 (100.0)
1995-2004 0 (0) 82 (14.7) 24 (4.3) 412 (74.0) 39 (7.0) 557 (100.0)
Total 2(0.1) 222(12.2) 88(4.8) 1,430 (78.4) 81 (4.4) 1,823 (100.0)
SEER Surveillance, Epidemiology, and End Results program
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Fig. 9.1 Overall survival rates for patients with ovarian cancer (1944-2004) (P <0.0001, log-rank
test for trend).

primary cancers, 1,823 patients received definitive primary treatment at MD
Anderson Cancer Center. Thus, based on consistent referral patterns over the years,
the majority of women who had been referred with a diagnosis of ovarian cancer
had received some types of previous treatment.

Table 9.1 shows the number of patients treated with definitive primary therapy
by time period and stage of disease. As expected, almost 80% of women had
advanced-stage (stage III or IV) disease. The computed survival curves represent
the clinical outcomes for women who received definitive primary treatment at MD
Anderson Cancer Center. Figure 9.1 reveals the overall survival rates for all stages
of disease. As noted, during this 60-year period, there has been incremental improve-
ment in 5-year survival (from 13.3% to 48%) and in 10-year survival (from 6.7% to
32.6%) (P<0.0001).
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Fig. 9.2 Survival rates for patients with local (SEER stage) ovarian cancer (1944-2004) (P=0.39,
log-rank test for trend). Because of the very small number of individuals with local ovarian cancer
seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.

In the following sections, the change in overall survival over time by stage of
disease is discussed. Although the data are presented with use of the typical Tumor
Registry methodology —categorizing disease into local, regional, and distant— this
is somewhat problematical for ovarian cancer. The primary method of determining
stage for ovarian cancer has historically been based on findings at primary surgery,
and this system has been relatively consistent during the period under study.
However, the rigor with which surgical staging has been practiced has changed
dramatically. In the early decades, surgical staging for apparent early disease was
less than optimal in many instances. Thus, the data for both local disease (stage I)
and regional disease (stage II) patients may be somewhat suspect during the first
half of the study period.

Survival in Women with Localized Disease

As noted in Fig. 9.2, there is no clear trend in improvement over the study period.
There are several possible explanations for this finding. First, the number of patients
with localized (stage I) disease is relatively small. Furthermore, the inclusion of all
histotypes and histologic grades complicates analysis. For instance, we know that
women with low-risk disease—stage I low-grade endometrioid carcinomas, low-
grade serous carcinomas, mucinous carcinomas, malignant ovarian germ cell
tumors, and granulosa cell tumors—have an excellent prognosis, with a 90% or bet-
ter 5-year survival rate, whereas those with high-risk disease—stage I high-grade
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Fig. 9.3 Survival rates for patients with regional (SEER stage) ovarian cancer (1944-2004)
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with regional
ovarian cancer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.

endometrioid or serous carcinomas, or clear cell carcinomas—have a 5-year
survival of about 50%. Thus, such a heterogeneous group of tumors does not lend
itself to a very meaningful analysis.

Survival in Women with Regional Disease

Survival outcome data for women with regional disease—presumably stage II—are
presented in Fig. 9.3. It is apparent that overall survival improved markedly during
the last two decades of the study period, with 5-year survival rates of 40% or less
before the mid-1980s increasing to 77-87% after that. Similarly, 10-year survival
rates of 40% or less increased to 68—87%. One possible explanation for this phe-
nomenon is that surgical staging became increasingly accurate during the latter time
frame because of better physician education and training. Conversely, in the earlier
time frame, patients with apparent regional spread actually had more advanced dis-
ease that went undetected because of suboptimal surgical staging.

Survival in Women with Distant Disease

As expected, survival for women with distant or advanced-stage disease was uni-
formly poor throughout the entire study period (Fig 9.4). However, significant



9 Ovarian Cancer 93

100 Initial
Presentation Year
— 1944-54
80 — 1955-64
— 1965-74
— 1975-84
= — 1985-94
& 60 — 1995-04
©
2
2
3 40
(/]
20
"‘ﬁ_"_‘—‘—‘—
0 T T T T T

T T T T T
0 1 2 3 4 5 6 7 8 9 10

Years Since Presentation

Fig. 9.4 Survival rates for patients with distant (SEER stage) ovarian cancer (1944-2004)
(P<0.0001, log-rank test for trend).

improvement in survival occurred during the last two decades of the study period.
Five-year survival rates significantly improved, from less than 14% in the mid-
1980s to 21% in the 1985-1994 decade, and then to 35% in the 1995-2004 period.
Likewise, 10-year survival rates essentially doubled between the mid-1980s and the
last decade of the study period.

Possible explanations for this improvement in outcome for patients with
advanced-stage disease include the more widespread practice of aggressive cytore-
ductive surgery beginning in the 1980s. Additionally, platinum-based combination
chemotherapy became the standard postoperative therapy by the mid-1980s, and
taxanes were introduced into standard chemotherapy regimens by the mid-1990s.

Current Management Approach

Standard treatment for epithelial ovarian cancer has improved over the past few
decades, based on results from randomized trials combined with large-scale descrip-
tive studies. For women with apparent early-stage disease (stages I and II), accurate
surgical staging is a major treatment principle. Adjuvant therapy is generally recom-
mended for patients with high-risk disease (stage I high-grade serous and endometri-
oid tumors, clear cell tumors, and stage II tumors) and consists of taxane/platinum
chemotherapy. No postoperative therapy is recommended for those with low-risk
disease (stage I low-grade serous and endometrioid tumors and mucinous tumors).
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For women with advanced-stage disease, treatment principles consist of maximum
primary cytoreductive surgery followed by chemotherapy. For selected patients
with serious comorbidities, massive effusions, or extensive disease (e.g., hepatic
metastases or extensive upper abdominal disease), neoadjuvant chemotherapy fol-
lowed by interval cytoreductive surgery is generally recommended. This approach
has recently been studied in a European randomized study.

Standard postoperative therapy for advanced-stage patients includes the combi-
nation of a taxane (paclitaxel or docetaxel) and carboplatin for six cycles. However,
several alternate strategies have been, or are being, studied in randomized clinical
trials and are usually considered potential treatment options. Three randomized tri-
als conducted by the GOG have demonstrated enhanced outcome in women with
optimal residual disease who received intraperitoneal chemotherapy compared with
pure intravenous chemotherapy. Survival improvement was most pronounced in the
most recent trial (GOG 172); however, only 42% of women in the intraperitoneal
chemotherapy arm were able to complete six cycles, and the toxic effects in terms
of neurotoxicity and neutropenia were substantial [6]. Another strategy that has
been studied in two randomized trials is the addition of bevacizumab (both con-
comitantly with chemotherapy and as maintenance therapy); preliminary results
appear to be positive, but final reports are not yet available.

For women with advanced-stage disease, maintenance therapy after completion
of primary chemotherapy remains an option [7]. One randomized trial demonstrated
a progression-free survival advantage for patients who received 12 vs. 3 monthly
cycles of paclitaxel, and a follow-up randomized trial is in progress.

For women who develop recurrent disease, the current approach is to categorize
them as either platinum-sensitive (treatment-free interval of 26 months) or plati-
num-resistant (treatment-free interval of <6 months). Options for women with
platinum-sensitive recurrent disease include combinations of paclitaxel/carbopla-
tin, gemcitabine/platinum, or pegylated liposomal doxorubicin. For those with
platinum-resistant disease, treatment options include pegylated liposomal doxoru-
bicin, topotecan, gemcitabine with or without platinum, capecitabine, oral etopo-
side, hormonal therapy (tamoxifen), docetaxel, or bevacizumab [8]. In addition, for
women with platinum-sensitive recurrent disease, secondary cytoreductive surgery
has been reported to be potentially beneficial in several retrospective studies and is
being studied in multiple randomized clinical trials.

Targeted therapies are a major focus of clinical trials for women with recurrent
ovarian cancer. Examples include the use of poly (ADP)-ribose polymerase (PARP)
inhibitors in women with BRCA germline mutations, as well as phosphatidylinosi-
tol-3 kinase (PI3K)/AKT/mTOR inhibitors and inhibitors of the MAP kinase pathway
in women with low-grade serous carcinomas [9, 10]. Concomitantly, separate trials
are emerging for women with uncommon subtypes—BRCA germline mutations,
low-grade serous carcinomas, clear cell carcinomas, and mucinous carcinomas.

For patients with uncommon histologic types—malignant germ cell tumors and
sex cord-stromal tumors —contemporary treatment is quite different. Primary surgery
is standard for all patients. For adult patients with all histologic subtypes of malignant
germ cell tumors—except stage IA dysgerminoma and stage I, grade 1 immature
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teratoma—the standard for several years has been postoperative chemotherapy with
BEP. However, in the pediatric population, surveillance is being studied as an alterna-
tive. Several reports already indicate favorable outcomes with close postoperative
surveillance, but further study is warranted, especially for adults.

For patients with sex cord-stromal tumors, primary surgery remains the corner-
stone of treatment. For postoperative management, no standard exists. For stage I
granulosa cell tumor, no postoperative therapy is recommended. For women with
metastatic disease, platinum-based chemotherapy is generally recommended, with
BEP or paclitaxel/carboplatin being the two most popular regimens. In addition,
patients with stage I poorly differentiated Sertoli-Leydig cell tumors appear to have a
poor prognosis, with a relapse rate as high as 60%. Thus, adjuvant chemotherapy may
be recommended, although sufficient data indicating a benefit of such are lacking.

Perspective and Future Directions

As the standards for care are methodically assessed, the overarching intent is to
extend the lives of our patients. A report from the Surveillance, Epidemiology, and
End Results (SEER) program suggests that steady progress is being made in this
regard, with years of life gained from treatment nearly doubling between the early
1970s and the 2000s. However, closer examination of these data suggests that the
proportion of patients cured of their disease contributes only a small fraction to this
statistic, highlighting both the marginal improved efficacy of existing therapy and
the urgent need for effective screening and early detection. Nevertheless, the con-
temporary investigative environment is challenging each of these areas aggressively
and with greater statistical rigor.

One particularly promising development is the exponential growth in our under-
standing of the biological processes of this disease. Concerted efforts to ferret out
critically linked processes driving the malignant phenotype have led to the incorpo-
ration of novel agents, used both alone and in combination with other agents, such
as chemotherapy. The most mature of these currently in use in ovarian cancer is
bevacizumab, a chimeric antibody targeting vascular endothelial growth factor A
(VEGF-A), which has demonstrated clinical efficacy as a single agent and in com-
bination with chemotherapy in both the recurrent and front-line settings. Several
ongoing trials are evaluating its efficacy in combination with various chemotherapy
backbones in recurrent disease and in combination with other biological agents. The
clinical promise in targeting this pathway for ovarian cancer patients has ushered in
anumber of new agents that are also in clinical development, including those target-
ing the recently discovered mechanisms of resistance to VEGF antibody targeting
and those focusing on important tumor growth and survivor factors, such as the
PI3K family pathway.

Seemingly endless in potential possibilities, this emerging cache of information
has enabled the consideration of personalizing treatment to individual tumor char-
acteristics. Numerous challenges abide in this intuitive next step, but at least some
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inference into the possibility may be realized by reviewing the impact of agents
targeting the single-strand DNA repair enzyme, PARP, in patients with germline
mutation in BRCA. These patients who develop ovarian cancer generally harbor
tumors in which the homologous recombination function from BRCA is impaired,
placing greater responsibility on PARP for continued growth. Several PARP inhibi-
tors have entered the clinic, and preliminary evidence supports the hypothesis that
these agents are efficacious in this setting; this is because of the inhibitor’s limited
toxicity, which is due to the intact function of BRCA in unaffected tissues.

As outlined above, treatment standards for both epithelial and non-epithelial
ovarian cancer continue to be refined. MD Anderson continues to play a pivotal role
in this progress through its discovery and translation of new therapy options, includ-
ing the emergence of the therapeutic delivery of non-coding RNA; its expertise in
rare tumors of the ovarys; its leadership in bringing a global audience to the clinical
investigation of these diseases; and its investigative leadership and continued par-
ticipation in a cooperative group mechanism of investigation.
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Chapter 10
Cervical Cancer

Patricia J. Eifel and Charles Levenback

Introduction

Since its inception in 1948, MD Anderson Cancer Center has been at the forefront
of innovative cervical cancer treatment. In the 1940s, cervical cancer was still a very
important public health problem in the United States. Although cytologic screening
and treatment of preinvasive disease subsequently led to a dramatic reduction in the
incidence of invasive cervical cancer in the United States, this disease continues to
affect about 11,000 women per year. In 2009, an estimated 4,070 women died of
cervical cancer in the United States. Cervical cancer disproportionately affects med-
ically underserved women in the United States and is still a leading cause of cancer
death for women in many underdeveloped countries. During the past 60 years, inno-
vations in treatment have substantially improved outcome and quality of life for
many patients with this disease.

Historical Perspective

Fortunately, cervical cancer is usually confined locoregionally at presentation. Good
outcome depends on appropriate selection and skilled delivery of locoregional
treatments. For patients who have small cancers (usually <4 cm) confined to the
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staging lymphadenectomy;
First Fletcher First isocentric 25-MV first sentinel lymph node
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Fig. 10.1 Timeline of sentinel events in the treatment of cervical cancer at MD Anderson Cancer.
EBRT external beam radiation therapy, IMRT intensity-modulated radiation therapy, LAD lymph-
adenectomy, LAG lymphangiography, PET positron emission tomography, RT radiation therapy,
RTOG Radiation Therapy Oncology Group.

cervix, either radical hysterectomy or primary radiation therapy may be curative.
For patients with more locally advanced cancers, radiation therapy is usually the
treatment of choice. In the late 1990s, prospective randomized trials demonstrated
improved local control and survival rates with use of radiation therapy and concur-
rent cisplatin-based chemotherapy, which has become standard for most patients
with locoregionally advanced disease.

Despite the decreasing national incidence of invasive cervical cancer, MD
Anderson’s reputation as a center of excellence, its commitment to indigent patient
care, and its proximity to Central America resulted in a steady flow of new patients
referred for treatment of cervical cancer. From its earliest years, MD Anderson has
reported some of the highest survival rates for women with locally advanced dis-
ease. The pioneering collaboration between Drs. Gilbert Fletcher (radiation oncolo-
gist) and Felix Rutledge (gynecologic oncologist), continued by several generations
of radiation oncologists, gynecologic oncologists, imagers, pathologists, and other
professionals, made the Gynecologic Oncology Center a model of successful mul-
tidisciplinary treatment. Technological innovation, as well as careful observational
studies and prospective trials, has led to refinements in treatment that were built on
early successes and led to the current high rates of cure, even for patients with
locally advanced disease (Fig. 10.1).
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The MD Anderson Cancer Center Experience

Between 1944 and December 2004, 21,346 patients with cancer of the cervix were
seen at MD Anderson Cancer Center. Of these, 12,833 had received no previous
treatment, and 11,442 subsequently received their definitive treatment at MD
Anderson. Patients whose primary cancers had arisen in sites other than the cervix
or superficial skin were excluded from the analyses. The remaining 10,269 patients
were included in survival analyses.

The initial stages at presentation of women with cervical cancer treated at MD
Anderson from 1944 through 2004 (Table 10.1) were classified according to the
Surveillance, Epidemiology, and End Results (SEER) 1977 system (Table 10.2).

The overall survival of patients treated for cervical cancer between 1944 and
2004 is shown in Fig. 10.2 and Table 10.3. Significant improvement in overall sur-
vival was observed over the 60-year study period. Particularly marked improve-
ments in overall survival were seen in the time intervals after 1955 and 1975, which
correspond to periods of major change in the management of cervical cancer at MD
Anderson.

Local Disease

As seen in Fig. 10.1, the first of these improvements in survival followed a period of
dramatic technological innovation that, by the late 1950s, had put in place most of the
tools that are central to the successful treatment of locally advanced disease. MD
Anderson was one of the first medical centers in the world to embrace the use of
megavoltage radiation. The beam of the 25 MV betatron, in particular, was ideally
suited to the treatment of deep pelvic tumors and was used immediately after its intro-
duction in 1956 to treat most patients with invasive cervical cancer at MD Anderson.
Unfortunately, this expensive technology was not widely embraced in other centers;
few units were produced, and it wasn’t until the 1980s, with the production of

Table 10.1 Women with cervical cancer treated at MD Anderson, 1944-2004
SEER stage at presentation

In situ Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 24 (3.9) 164 (26.8) 394 (64.3)  11(1.8) 20(3.3)  613(100.0)

1955-1964 329 (14.4)  586(25.6) 1211(52.9) 141(6.2) 21(0.9) 2,288 (100.0)
1965-1974 479 (21.2)  576(25.5) 1,003 (44.4) 198(8.8) 3(0.1) 2,259 (100.0)
1975-1984 537(25.5) 658 (31.2)  748(35.5) 159(7.5) 8(0.4) 2,110 (100.0)
1985-1994 430 (22.4) 730 (38.0) 570 (29.6)  162(8.4) 31(1.6) 1,923 (100.0)
1995-2004 147 (13.7)  395(36.7) 349 (32.4) 146 (13.6) 39(3.6) 1,076 (100.0)
Total 1,946 (19.0) 3,109 (30.3) 4,275(41.6) 817(8.0) 122(1.2) 10,269 (100.0)

SEER Surveillance, Epidemiology, and End Results program




100 P.J. Eifel and C. Levenback

Table 10.2 Surveillance, Epidemiology, and End Results (SEER) program staging groups®

In situ
Noninvasive, preinvasive, intraepithelial
Local
Minimal stromal invasion; “microinvasion”
Invasive cancer confined to the cervix
Regional (by direct extension or nodes)
Direct extension to:
Corpus uterus (body of the uterus)
Upper 2/3 of the vaginal wall including fornices
Parametrium (paracervical soft tissue)
Broad, cardinal or uterosacral ligaments
Lower 1/3 of the vagina
Bladder wall; bladder, NOS excluding mucosa;
Bullous edema of the bladder mucosa
Rectal wall; rectum, NOS excluding mucosa
Tumor causes hydronephrosis or nonfunctioning kidney (FIGO IIIB)
Cul de sac (rectouterine pouch)
Pelvic lymph nodes:
Hypogastric, iliac, obturator, paracervical, parametrial, sacral, or pelvic nodes, NOS
Distant (by direct extension, distant nodes, or metastasis)
Direct extension to:
Bladder or rectal mucosa
Ureter
Urethral
Sigmoid colon
Small intestine
Vulva
Ovary or fallopian tube
“Frozen pelvis”
Distant lymph nodes
Aortic, inguinal, other distant nodes
Distant metastases
Bone, brain, liver, lung
“From [1]

15-20 MV linear accelerators, that most other major centers began to have access to
the deeply penetrating radiation beams that are best suited to pelvic treatment.

At about this same time, Dr. Gilbert Fletcher and his colleague, Dr. Herman Suit,
began developing innovative vaginal brachytherapy applicators that markedly
improved the safety and practicality of cervical cancer brachytherapy [2]. By the
early 1960s, radiation oncologists at MD Anderson had leveraged these two ele-
ments—high-energy pelvic external beam therapy and high-quality intracavitary
brachytherapy —to optimize treatment for most patients with localized cervical can-
cer [3, 4]. Meanwhile, Felix Rutledge developed surgical techniques that optimized
treatment for patients with very early stage I disease, particularly for young women
who would benefit from preserved ovarian function.
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Fig. 10.2 Overall survival rates for patients with cervical cancer (1944-2004) (P<0.0001, log-
rank test for trend).

Table 10.3 Overall survival according to years treated and SEER stage groups
SEER stage (% survival)

Local Regional Distant

Decade 5 years 10 years 5 years 10 years 5 years 10 years
1944-1954 74.9 63.2 49.2 42.6 9.1 9.1
1955-1964 79.8 70.9 52.8 42.8 7.8 5.0
1965-1974 84.1 76.4 41.9 32.5 6.7 2.6
1975-1984 82.5 73.6 50.4 41.7 8.6 4.2
1985-1994 83.0 73.2 53.6 454 13.3 9.5
1995-2004 82.6 78.3 57.3 51.8 16.9 12.7

SEER Surveillance, Epidemiology, and End Results program

With these innovations, outcome for patients with localized disease improved
markedly, with cure rates in the 1970s that approached those achieved today (Fig. 10.3).
Recurrences were rare for patients with early-stage disease treated with radical sur-
gery or radiation therapy. Although some patients experienced treatment-related
adverse effects, long-term follow-up studies indicated that major complications were
uncommon, particularly in patients who were treated for early disease [5]. However,
pelvic recurrence continued to be a problem for some patients with localized tumors
that measured =5 cm in diameter [6]. Although local treatment with irradiation is still
the mainstay of modern management, recent trials have demonstrated that outcome
can be improved with use of concurrent cisplatin-based chemotherapy [7].

Recent research efforts have focused on reducing the adverse effects of treatment
in patients with very early, localized, smaller tumors [International Federation of
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Fig. 10.3 Survival rates for patients with local (SEER stage) cervical cancer (1944-2004)
(P=0.044, log-rank test for trend).

Gynecology and Obstetrics (FIGO) stage IB1]. Laparoscopic surgical techniques,
including fertility-sparing radical hysterectomy, have improved the quality of life
for appropriately selected women with early cervical cancers [8].

Surgical techniques for patients with localized disease have been rapidly devel-
oping in recent years. In 2005, the first radical trachelectomy was performed at MD
Anderson [9]. Since then, multiple successful pregnancies have been reported
among cervical cancer survivors treated with fertility-sparing surgery. MD Anderson
investigators have pioneered sentinel lymph node biopsy in cervical cancer patients
[10]. It is hoped that sentinel lymph node biopsy combined with minimally invasive
surgical techniques will further reduce morbidity and mortality and preserve fertil-
ity in patients with small cervical cancers.

Regional Disease

Although the treatments available in the 1960s were excellent for patients with
early disease, the 15-cm x 15-cm maximum field size of the betatron limited its util-
ity for patients with regionally advanced disease; furthermore, the rapid dose gradi-
ent of intracavitary brachytherapy sometimes failed to sterilize tumor that had
infiltrated the paracervical spaces. Although radiation therapy cured many patients
with these more advanced, unresectable tumors, many others were still dying of
uncontrolled regionally progressive cancer. In the 1970s, research at MD Anderson
focused on improving outcome for these patients.
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MD Anderson investigators recognized that regional nodal recurrence was an
important element of treatment failure for patients with locally advanced disease. In
the early 1960s, the only method of pelvic and nodal evaluation was exploratory
laparotomy and lymphadenectomy. The first technique for imaging intra-abdominal
lymph nodes, lymphangiography, was developed in the early 1960s. Previously, this
technically demanding imaging method had been used primarily to stage lympho-
mas. However, in a series of carefully conducted correlative studies, Dr. Sidney
Wallace and the gynecologic oncology team at MD Anderson demonstrated that
lymphangiography permitted the detection of even sub-centimeter lymph node
metastases in cervical cancer patients [11]. This was an important innovation that
allowed clinicians to customize regional treatment of patients with nodal disease.

During this time, clinicians also studied the role of pretreatment lymphadenec-
tomy in patients with locally advanced disease. Surgical staging was an accurate
method for detecting nodal metastasis; however, by the late 1970s, it had become
apparent that pretreatment transperitoneal staging markedly increased the incidence
and severity of late radiation complications [12]. For this reason, surgical staging
was abandoned until the late 1980s, when retroperitoneal staging was shown to
prevent the intraperitoneal adhesions that escalated the morbidity of postoperative
radiation therapy. The most recent advance in surgical staging is a retroperitoneal
laparoscopic technique that was introduced at MD Anderson in 2003. This tech-
nique results in minimal treatment delay since the surgical incisions are limited to
four puncture wounds.

By the early 1960s, 40 Gy of 25 MV pelvic external beam irradiation combined
with low dose-rate intracavitary brachytherapy was yielding high 5-year survival
rates for women with localized disease. However, pelvic recurrence rates were still
high in patients with stage III disease. After MD Anderson acquired the deeply pen-
etrating betatron beam, clinicians explored the differences in the balance of external
beam and brachytherapy and hypothesized that the lateral parametrium might be more
effectively treated with external beam boosts than with brachytherapy. Unfortunately,
this approach resulted in a high incidence of major complications without improving
the rate of local control [13]; in fact, during this period, the survival rate of patients
with regional disease actually declined (Fig. 10.4). By the early 1980s, clinicians had
come to realize that increases in the dose of external beam irradiation at the expense
of brachytherapy had not improved outcome; brachytherapy was reemphasized in the
treatment of stage IIIB disease with even greater weighting than in the early 1960s.
With these modifications in treatment policy, survival rates for stage III disease
approached 50%, exceeding those achieved at any previous time [13].

In 1990, MD Anderson physicians initiated a multi-institutional trial through the
Radiation Therapy Oncology Group that compared treatment with irradiation alone
with irradiation and concurrent cisplatin-based chemotherapy [7]. More than 40% of
those enrolled in this trial were MD Anderson patients. This ground-breaking ran-
domized trial demonstrated a 50% reduction in risk of recurrence with use of chemo-
radiation and stimulated a major change in the standard of care for locoregionally
advanced cervical cancer. The introduction of concurrent cisplatin-based chemo-
therapy to standard management with irradiation corresponded with significant
improvement in survival of patients with regional disease in 1995-2004 (Fig. 10.4).
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Fig. 10.4 Survival rates for patients with regional (SEER stage) cervical cancer (1944-2004)
(P<0.0001, log-rank test for trend).

Metastatic Disease

The prognosis for most patients who present with distant disease is still poor.
However, long-term survival rates have gradually improved, particularly during the
most recent decade (1995-2004), when 17% of patients with distant disease sur-
vived at least 5 years (Fig. 10.5). Without more detailed analysis, it is hazardous to
speculate on the reasons for this improvement. Certainly contributing to this improve-
ment, however, were the advances made in diagnostic imaging and the selected use
of retroperitoneal and laparoscopic surgical staging, which have permitted earlier
detection of distant disease; some patients who benefitted from these advances, par-
ticularly those with para-aortic metastases, are now curable with conformal radiation
therapy, which is often combined with concurrent cisplatin chemotherapy.

Although the prognosis of most patients with disease recurrence is poor, some
with localized recurrence can be cured with radical radiation therapy or surgery
[14, 15]. Dr. Rutledge was one of a handful of gynecologic oncologists who pio-
neered total pelvic exenteration for recurrent cervical cancer [15]. The essential
indications for this operation have remained unchanged; however, diagnostic
screening methods and surgical techniques have dramatically improved. Some of
the surgical innovations that were developed to decrease the morbidity and improve
the quality of life for patients undergoing pelvic exenteration, were continent uri-
nary conduits, low rectal reanastomosis, and vertical rectus myocutaneous flap to
construct a neovagina. As radiation therapy techniques have improved, the number
of patients with central failure has declined; for selected patients, however, exen-
terative surgery is the only curative option. MD Anderson remains a referral center
for these ultraradical procedures.
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Fig. 10.5 Survival rates for patients with distant (SEER stage) cervical cancer (1944-2004)
(P=0.003, log-rank test for trend).

Unfortunately, some patients still present with incurable distant metastatic
disease. Improvements have been made in palliative multimodality therapy for
these patients. However, progress with chemotherapy for advanced or recurrent
squamous carcinomas has been very slow, and trials are considered successful if
survival is increased by even a few months. New targeted therapies are becoming
available for patients with advanced or recurrent disease and provide some hope for
improved outcome for these patients in the future.

Supportive care, including improved pain management and spiritual support, has
also been incorporated into the care of women who are dying of cervical cancer.
Consultation services at MD Anderson, including the Pain Management Service,
Palliative Care service, and Chaplaincy, have helped relieve the suffering of patients
and families in these heartbreaking situations.

Discussion

Following the major technological advances in radiation therapy in the late 1950s,
the elements were in place for a multidisciplinary team at MD Anderson to achieve
remarkably high cure rates for most patients with locoregionally confined cervical
cancer. During the three decades that followed, advances in imaging permitted more
focused treatment of regional disease as clinicians learned to balance external beam
therapy, brachytherapy, and surgical treatments to effect the highest therapeutic
ratios. The survival rates achieved for these patients in the 1980s were among the
highest reported in the clinical literature and were exceeded only when the value of
concurrent chemotherapy was demonstrated in prospective randomized trials.
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These trends are undoubtedly reflected in the evolving overall outcomes of our
patients. However, the data need to be viewed with caution. During the past
60 years, many changes have taken place in tumor classification systems, methods
of staging, patterns of referral, and other factors that could compromise the validity
of historical comparisons. The clinical staging system is subjective and has been
modified many times since 1948 [16]. For example, in the mid 1970s, FIGO added
to the rules of staging an admonition that clinicians should choose the lesser stage
whenever there was uncertainty about involvement of paracervical tissues; for the
first time, they stated specifically that paracervical thickening that was not nodular
should not be considered grounds for upstaging. Retrospective studies have shown
that after this amendment to the rules of staging, a marked decline was noted in the
proportion of patients diagnosed as having FIGO stage III disease on the basis of
pelvic wall involvement at MD Anderson [13]. This and other changes were
undoubtedly the source of stage migration that may have confounded historical
comparisons.

Current Management Approach

In the current decade, advances in diagnostic imaging and treatment of cervical
cancer are continuing that should lead to further improvements in outcome. The
routine use of irradiation and concurrent chemotherapy, for example, beginning
only in the last years of this review, should continue to improve outcome in
future years.

Today, the definition of disease extent with magnetic resonance imaging and
positron emission tomography is much more accurate than was possible using meth-
ods from the previous century. This permits more accurate selection of treatments
for patients with various stages of disease. Radical hysterectomy continues to be the
preferred treatment for small tumors, particularly in young women; however, this
surgery is usually performed with use of laparoscopic or even robotic techniques
that reduce postoperative recovery time and morbidity. In selected cases of young
women who wish to preserve fertility, radical trachelectomy may be offered as a
fertility-sparing option.

Today, irradiation and concurrent cisplatin-based chemotherapy (usually used
weekly) is the standard treatment for most women with locally advanced disease.
External beam therapy is always performed with use of three-dimensional image-
guided techniques. Advances in the delivery of radiation, such as with use of inten-
sity-modulated radiation therapy, permit clinicians to more accurately deliver
tumoricidal doses of radiation to areas of gross regional involvement with less risk
to adjacent critical structures than was possible with older techniques. Today, most
brachytherapy is delivered with use of pulsed dose-rate or high dose-rate techniques
that are safer than older brachytherapy delivery methods and permit greater
individualization.
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With these advances, however, the treatment of cervical cancer has become

increasingly complex. The culture of close multidisciplinary collaboration that was
initially fostered by Drs. Fletcher and Rutledge has never been more important. The
integrated MD Anderson team of gynecologic oncologists, radiation oncologists,
pathologists, diagnostic imagers, nurses, social workers, dieticians, physicists, ther-
apists, and scientists is a model that must be considered one of the most important
contributions to the curative treatment of women with this disease.
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Chapter 11
Endometrial Cancer

Thomas Burke, Anuja Jhingran, Karen Lu, and Russell Broaddus

Introduction

Endometrial cancers are the most common of the gynecologic malignancies, affecting
an estimated 42,160 U.S. women in 2009 [1]. Both the incidence and the death rates
associated with endometrial cancer have been gradually increasing. Carcinoma
develops as a proliferation of epithelial cells lining the glands of the uterine cavity.
Many endometrial tumors exhibit an indolent growth pattern and are contained within
the uterus at the time of diagnosis. Spread to regional lymph nodes or distant
metastatic sites such as the liver or lungs is less common. It is conceptually conve-
nient to categorize endometrial tumors into two types: a hormonally driven well-
differentiated lesion that is typically associated with a favorable prognosis, and an
undifferentiated or variant group of histologic subtypes characterized by more aggres-
sive clinical behavior and a poorer prognosis. Postmenopausal status, low parity,
obesity, diabetes, and estrogen exposure have been epidemiologically associated
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with the well-differentiated lesions; the presence of identified oncogenes, overex-
pression of oncogenic proteins, or activation of aberrant signaling pathways have
been more frequently associated with the aggressive variants of endometrial cancer.

Historical Perspective

Since most endometrial cancers are confined to the uterus, surgical treatment by
hysterectomy and bilateral salpingo-oophorectomy has been the mainstay of ther-
apy since the 1950s. Primary treatment with external and internal radiotherapy can
be curative in a percentage of patients who are not believed to be suitable candidates
for surgery [2]. However, cure rates for such therapy have been about 15% lower
historically than rates achieved by resection. Throughout the 1950s and 1960s,
endometrial cancer was clinically staged on the basis of physical examination, plain
film radiography, and biopsy of the endometrium and cervix (Table 11.1). These
clinical findings, however, correlated poorly with tumor findings identified at the
time of surgical exploration. Consequently, a large national effort to define prognos-
tic factors and spread patterns was undertaken in the 1970s and 1980s [3]. Data
from surgical staging trials helped to define predictors of outcome. Specifically,
uterine factors of major prognostic significance were found to include histologic
grade, depth of myometrial penetration, and extension to the uterine cervix.
Extrauterine prognostic features included positive peritoneal cytology, adnexal
metastasis, lymph node metastasis to pelvic or para-aortic nodes, and spread to dis-
tant organs. This information led to the adoption of a surgical staging system in
1988 (Table 11.2).

Further clinical investigations, undertaken in the 1990s and 2000s, helped to
refine treatment approaches and led to the application of minimally invasive surgi-
cal techniques, both laparoscopic and robotic; indications for adjuvant radiotherapy
including whole pelvic, extended field, and vaginal brachytherapy; and identification
of systemic agents with activity in metastatic disease.

Table 11.1 Clinical staging of uterine fundal tumors®

Stage Description
I The tumor is limited to the uterine fundus
1A The uterine cavity measures <8 cm
1B The length of the uterine cavity is >8 cm
1I The tumor extends to the uterine cervix
1 The tumor has spread to the adjacent pelvic structures
v There is bulky pelvic disease or distant spread
IVA Tumor invades the mucosa of the bladder or rectosigmoid
IVB Distant metastases are present

{International Federation of Gynecology and Obstetrics, 1988
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Table 11.2 Surgical staging of uterine fundal tumors?

Stage Description
1 The tumor is confined to the uterine fundus
1A The tumor is limited to the endometrium
1B The tumor invades less than one-half of the myometrial thickness
1C The tumor invades more than one-half of the myometrial thickness
11 The tumor extends to the cervix
IIA Cervical extension is limited to the endocervical glands
1IB The tumor invades the cervical stroma
I There is regional tumor spread
IIIA The tumor invades the uterine serosa or adnexa, or there is positive
peritoneal cytology
1B Vaginal metastases are present
Ic The tumor has spread to pelvic or para-aortic lymph nodes
v There is bulky pelvic disease or distant spread
IVA Tumor invades the mucosa of the bladder or rectosigmoid
IVB Distant metastases are present

“International Federation of Gynecology and Obstetrics, 1988

Table 11.3 Women with endometrial cancer treated at MD Anderson, 1944-2004
SEER stage at presentation

Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 42 (56.8) 17 (23.0) 10 (13.5) 5(6.8) 74 (100.0)
1955-1964 231 (66.2) 47 (13.5) 64 (18.3) 7(2.0) 349 (100.0)
1965-1974 352 (68.0) 66 (12.7) 96 (18.5) 4(0.8) 518 (100.0)
1975-1984 461 (60.2) 168 (21.9) 127 (16.6) 10 (1.3) 766 (100.0)
1985-1994 391 (57.9) 138 (20.4) 119 (17.6) 27 (4.0) 675 (100.0)
1995-2004 417 (59.0) 130 (18.4) 128 (18.1) 32 (4.5) 707 (100.0)
Total 1,894 (61.3) 566 (18.3) 544 (17.6) 85(2.8) 3,089 (100.0)

SEER Surveillance, Epidemiology, and End Results program

The MD Anderson Cancer Center Experience

The MD Anderson Tumor Registry data set was derived from 10,182 women who
were diagnosed as having endometrial cancer between 1944 and 2004. Of this
group, 4,318 had received no previous treatment for their malignancy. After exclud-
ing patients with multiple primary cancers and those treated elsewhere, 3,089
women received definitive primary treatment at MD Anderson Cancer Center. The
numbers of patients presenting by time interval and stage are summarized in
Table 11.3. Sixty-one percent had disease confined to the uterus at diagnosis.

Prior assessment of a subset of stage I cases suggested that the MD Anderson
experience was more heavily weighted toward women with high-risk subtypes than
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Fig. 11.1 Overall survival rates for patients with endometrial cancer (1944-2004) (P<0.0001,
log-rank test for trend).

would be seen in the general population [4]. This would not be surprising, given the
referral nature of the institution. Several of these aggressive subtypes of endome-
trial cancer, particularly the clear cell and papillary serous subtypes, were not clearly
identified and defined until the 1980s. Consequently, no effort has been made to
separate subsets by tumor histology.

The computed survival curves in this chapter represent clinical outcomes for all
women who received definitive treatment at MD Anderson between 1944 and
2004. The overall survival curve shows incremental improvement in 5-year sur-
vival rates, from 59% to 69%, and in 10-year survival rates, from 46% to 60%
(Fig. 11.1). The usual Tumor Registry methodology of describing disease extent
under the headings of localized, regional, or distant has been used in the construc-
tion of survival curves by “stage.” During the earlier years of this analysis, stage
assignments were made on the basis of both clinical and limited surgical findings.
Clinical findings typically would have been based on physical examination, limited
plain film radiographs, and gross evidence of extrauterine disease. A defined surgi-
cal assessment and staging procedure would have been performed in most cases
from the late 1970s forward. In addition, more recently treated women would have
had a more extensive presurgical evaluation by computed tomography or magnetic
resonance imaging, particularly when an aggressive histologic subtype was
identified in the biopsy specimen. Consequently, stage assignment across the
60-year course of data recording was not uniform but would have been conducted
with use of the best available information at the time of registration.
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Fig. 11.2 Survival rates for patients with local (SEER stage) endometrial cancer (1944-2004)
(P=0.076, log-rank test for trend).

Survival Outcome and Localized Tumors

The survival curves for women with localized tumors (Fig. 11.2) reveal significantly
improved 5- and 10-year outcomes for women treated during the most recent time
intervals (84% and 81%, respectively) compared with outcomes from earlier
decades (74% and 64%, respectively) (P <0.005). However, since the surgical tech-
nique for hysterectomy has not changed substantively over the study period, women
with tumor confined to the uterus might have been expected to have identical out-
comes over the 60-year period. At least three possible explanations can be given for
the observed differences in survival rates. First, surgical staging procedures that
incorporated a systematic approach to the detection of extrauterine disease became
common during the second half of the study interval. Surgical staging data from
MD Anderson and other sources determined that peritoneal cytology, omental
biopsy, biopsy of palpable abnormalities, and selective or complete pelvic lymph-
adenectomy were important in the identification of small volume extrauterine dis-
ease [3-5]. Detection of gross abdominal or retroperitoneal metastases would have
been expected in the earlier time intervals, but some proportion of patients with
microscopic tumor spread would have been classified as having local disease only.
Such patients would have had a higher incidence of recurrence.

Second, the surgical staging experience led to the identification of high-risk
prognostic features. Subsets of women with high-grade tumors, deep myometrial
invasion, or extension to the cervix could be targeted for more aggressive adju-
vant therapy after hysterectomy in hopes of diminishing the incidence of primary
treatment failure. To date, several randomized phase three trials have failed to
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Fig. 11.3 Survival rates for patients with regional (SEER stage) endometrial cancer (1944-2004)
(P<0.0001, log-rank test for trend).

demonstrate a survival advantage for women who received postoperative adjuvant
pelvic irradiation or systemic progestin therapy [6—8]. Nevertheless, women with
known risk for treatment failure are current candidates for clinical trials and are
routinely treated more aggressively than are those without such features.

Third, women with endometrial carcinoma are frequently postmenopausal,
obese, and afflicted with cardiovascular and metabolic comorbidities; they are also
at significant risk of perioperative complications including death. General improve-
ment in surgical and supportive care over the course of the study interval has likely
contributed to reduced perioperative mortality from infection, stroke, myocardial
infarction, and pulmonary embolus. Analysis of more than 800 women with endo-
metrial cancer being treated surgically who underwent hysterectomy during the
2000s revealed no perioperative deaths within 30 days of surgery. This is remark-
able, given the surgical risk profiles of these women. As a composite result of these
changes in treatment approach (and perhaps in part resulting from other approaches
yet to be identified), 5- and 10-year survival rates for women with localized endo-
metrial cancer have improved over time and are now excellent.

Survival Outcome and Regional Tumors

The most dramatic change in decade-by-decade survival rates has been seen in
women with regional disease. A sharp separation in curves can be seen beginning in
1975 (Fig. 11.3). The difference between the cluster of curves representing the first
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Fig. 11.4 Survival rates for patients with distant (SEER stage) endometrial cancer (1944-2004)
(P=0.048, log-rank test for trend).

three decades and those representing the more recent three is highly significant
(P<0.0001). Almost certainly some of these differences can be attributed to changes
in the surgical management of uterine cancer. Before the widespread application of
surgical staging procedures, the identification of regional disease was limited to
visualization and palpation at the time of exploration. Therefore, most women in the
regional disease category during the early decades of the study interval were likely
to have grossly metastatic disease in the pelvic lymph nodes. Even with resection
and postoperative radiotherapy, outcome for such women was limited.

Conversely, women assigned to the regional disease category during the second
portion of the study included a mixture of those with gross disease and those with
resected microscopic tumor. This latter group would be expected to have a much
better outcome, especially when surgery was augmented by postoperative radio-
therapy. The increasing sophistication of regional irradiation, which allowed doses
capable of sterilizing small volume tumor to be safely delivered to pelvic and retro-
peritoneal lymph nodes, undoubtedly improved survival rates in this group. More
recent information has also suggested that full pelvic lymphadenectomy may be
associated with improved survival rates, presumably because of the removal of
microscopic metastases [8].

Survival Outcome and Distant Tumors

As expected, outcome for women with distant disease has remained poor across the
entire study period (Fig. 11.4). No statistically significant differences in survival
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rates were observed for any of the intervals evaluated. All are clustered near the
20% mark. Progestin therapy was the first widely used systemic treatment for meta-
static endometrial cancer. Stimulation of the progesterone receptor was believed to
be “antiestrogenic.” Some patients with metastatic disease did respond to such treat-
ment. However, receptor-positive tumors tend to be well differentiated and rarely
metastatic, thus limiting the effectiveness of this treatment. Randomized trials were
unable to demonstrate a survival benefit to adjuvant progestin therapy [9]. In fact,
patients receiving hormonal treatment were more likely to experience thrombotic
and cardiovascular complications than were controls.

Few cytotoxic agents produce lasting responses in metastatic disease. Doxorubicin,
platinum agents, and taxanes are the most active chemotherapeutic agents. Single-
agent or combination therapy has produced measurable responses in 30—60% of
women. Most responses last less than 12 months. Survival benefit is therefore lim-
ited. The absence of effective long-lasting systemic therapy clearly explains the
failure to affect outcome in these cases.

Current Management Approach

Our current approach to the management of endometrial carcinoma is stratified by
surgical stage. After the initial diagnosis by outpatient biopsy or dilatation and
curettage, a total abdominal hysterectomy with bilateral salpingo-oophorectomy is
performed. Additional staging procedures performed at the time of exploration
would include peritoneal cytology, omental biopsy, biopsy of palpable abnormali-
ties within the peritoneal cavity, pelvic lymphadenectomy, and para-aortic lymph
node biopsy or resection. A similar set of procedures performed via laparoscopy or
robotics would be considered equivalent to an open procedure.

Women with low-risk disease require no further therapy. Those with intermedi-
ate-risk stage I tumors are offered vaginal cuff brachytherapy. Whole pelvic external
beam irradiation is recommended for high-risk stage I/II patients and for those with
regional lymph node metastases. Extended field irradiation is used in women with
aortic nodal spread. Systemic therapy, either hormonal or cytotoxic, is appropriate
for women with distant metastatic disease; these patients are ideal candidates for
clinical trials since current standard treatment provides limited benefit.

Future improvements in survival outcome are likely to derive from three strate-
gies: One, effective adjuvant therapy (regional or systemic, or a combination of
both) for highest-risk stage I patients is needed. To date, no effective adjuvant treat-
ment has been proven beneficial. Two, an aggressive approach to the management
of regional pelvic disease must be defined and implemented. This will likely begin
with cytoreduction of metastatic disease followed by radiotherapy, with or without
chemotherapy. Three, a better understanding of the signaling pathways in endome-
trial tumors would permit a more targeted approach to metastatic disease that would
build upon existing systemic treatment results.
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Chapter 12
Pancreatic Cancer (Exocrine)

Jason Fleming, Matthew Katz, Rosa Hwang, and Gauri Varadhachary

Introduction

There are two distinct types of pancreatic cancer, differentiated by whether they
arise from exocrine or endocrine tissue. By far the most common (up to 95%) are
neoplasms of the exocrine pancreas, and they are the focus of this discussion. Most
exocrine pancreatic neoplasms (90%) are adenocarcinomas, and three quarters of
them arise in the head of the pancreas. Neoplasms of the endocrine pancreas are
relatively rare and differ both biologically and clinically from exocrine cancers.
Because they affect endocrine tissue, they often cause recognizable hormonal symp-
toms; thus, they are often detected at early stages and are more successfully treated.
Exocrine pancreatic cancers, in contrast, do not cause early symptoms, and when
symptoms appear, they are often vague in nature. By the time significant pain, jaun-
dice, or weight loss is evaluated, disease is usually advanced, and as many as 80%
of patients present with disease defined as regionally advanced or metastatic on
imaging studies.

Although there are factors associated with increased risk of pancreatic cancer,
there is no method of widespread screening. Risk factors include smoking, obesity,
age, and a personal or family history of pancreatitis or pancreatic cancer. This dis-
ease occurs more frequently in black persons than in white persons and is seen more
in older age groups. More recently, genetic syndromes have been associated with
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increased risk—familial aggregations of pancreatic cancer have been linked with
known cancer-related mutations including BRCA, p16 (the FAMM syndrome), and
STK11/LKB1 associated with Peutz—Jeghers syndrome. Patients who have rela-
tives (including second degree) with a history of pancreatic cancer are considered at
increased risk.

No specific tumor markers currently exist for pancreatic cancer. Although most
patients with this disease have elevated CA19-9 levels, the specificity of this marker
is too low to be of use as a screening tool because other conditions such as
inflammation and pancreatitis also increase CA19-9 levels. This marker is currently
used, however, to help gauge response to treatment and as one of several prognostic
indicators. Currently, there is significant research interest in identifying biomarkers
(in blood, pancreatic cysts, and cancer tissue) to help with early diagnosis of pan-
creatic cancer and for screening of high-risk individuals.

The survival curves for pancreatic cancer have not improved as significantly as
they have for many other cancers. Although pancreatic cancer is the tenth most com-
mon cancer, it has become the fourth leading cause of cancer-related deaths.
According to the American Cancer Society’s 2009 estimates, 42,470 people were
expected to be diagnosed with pancreatic cancer in that year, and overall (for all
stages combined), only 5% of patients with exocrine pancreatic cancer will survive
for 5 years [1]. The grim statistics for this cancer can be attributed to its biologic
nature and to the fact that there is no screening measure for detection at early stages.
This is a biologically aggressive cancer, which spreads quickly to adjacent tissues
(invades the duodenum, the retropancreatic nerves, the portal and superior mesen-
teric veins, and regional lymph nodes) and to distant organs including the liver, peri-
toneum, omentum, and lungs —often before symptoms have heralded its presence.

The only curative treatment for pancreatic cancer is complete surgical resection
of the tumor and surrounding pancreatic tissue. Unfortunately, only one in five
patients present with disease that is considered resectable. Furthermore, to be suc-
cessful, the resection must be considered complete, meaning that surgical margins
are proven negative (RO) for disease by pathologic analysis of resected specimens.
Studies have shown that anything less nullifies the value of the surgery; in fact, in
cases in which even microscopic disease has been detected at the margins (R1),
outcome has been comparable in terms of survival to having had only palliative
treatment and no surgery [2].

The surgery —most commonly a pancreaticoduodenectomy —is a major opera-
tion with a significant risk of complications. Because the head of the pancreas is
structurally tied to adjacent structures that share blood supply and ducts, the duode-
num, part of the small intestine and common bile duct, the gallbladder, and often
part of the stomach are removed along with it. The remaining pancreas body,
stomach, and hepatic duct must then be reconstructed to accommodate digestive
flow. The series of anastomoses required in this reconstruction is complex and is a
source of potential complications such as leakage of enzyme-rich pancreatic fluid,
biliary obstruction secondary to injury, or anastomotic stricture of the bile duct.

Dual phase computed tomography (CT) optimized for pancreatic imaging is
the best tool for determining resectability; magnetic resonance imaging, magnetic
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resonance cholangiopancreatography, or CT angiography rarely offer any advantage
over a dual-phase CT scan. On occasion, additional studies may be needed mainly
to exclude extrapancreatic disease, but with multidetector CT scanning based on a
pancreatic protocol, more than 90% of patients can be classified as having poten-
tially resectable, borderline-resectable, locally advanced, or metastatic pancreatic
cancer [3]. It is imperative that the decision regarding resectability be made preop-
eratively and when possible in a multidisciplinary forum in the presence of sur-
geons, radiologists, medical oncologists, and radiation oncologists. In patients with
obstructive jaundice, it is imperative to obtain a good-quality pancreatic protocol
CT scan before intervention with endoscopic retrograde cholangiopancreatography
(ERCP). Occasionally, as a result of post-ERCP acute pancreatitis, inflammatory
changes obscure the tissue planes between tumor and vessels, which makes it
difficult to interpret imaging studies. Staging today relies upon diagnostic imaging,
and gains seen in survival for this disease in the past two decades are largely due to
advances in these technologies.

However, even under optimal conditions —small, organ-confined tumor with no
evidence of lymph node involvement, and completely resected—the survival rate
remains low: only 18-24% of patients who undergo surgery survive for 5 years [4].
It has become clear that even patients whose disease appears localized probably
harbor microscopic disease and require systemic therapy; unfortunately, however,
pancreatic cancer has proven to be resistant to chemotherapy agents.

Historical Perspective

Surgery has been and remains the definitive treatment for pancreatic cancer.
Pancreaticoduodenectomy, the most commonly performed surgical procedure (for
pancreatic head adenocarcinomas), was described as early as 1898 but was named
for Allen O. Whipple after his description of this procedure in 1935. Since then, its
use has not been without controversy because of its association with significant
morbidity and mortality. During the 1970s, investigators began to question whether
it should even be attempted. Over the decades, perioperative mortality associated
with pancreatic cancer has dropped from a range of 25-40%, reported in various
papers from the 1960s and 1970s, to today’s rates of 4-5% overall; of note, how-
ever, is the fact that today’s mortality rate is 1% or less in high-volume centers with
surgeons experienced in the procedure but is up to 16% in small, low-volume hos-
pitals or among surgeons who perform few procedures. Numerous studies have con-
cluded that both hospital volume and surgeon experience affect operative morbidity
and mortality [5]. In recognition of the technical challenges and presumed postop-
erative morbidity of pancreatic surgery, more patients over the past 10-15 years
have been referred to tertiary cancer centers for this operation, which many believe
has contributed to a mortality and morbidity reduction from the surgery.
Unfortunately, most patients present with unresectable disease. In the past, more
patients underwent surgery for staging, some only to learn that their disease was not
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resectable. Today, preoperative staging relies on less invasive techniques, including
endoscopic ultrasound and high-resolution diagnostic imaging such as helical CT
and magnetic resonance imaging; this allows for better patient selection since only
those who can benefit from surgery are selected, sparing those who likely would not
benefit from an operation associated with significant morbidity.

By the early 1970s, it was clear that although surgery was necessary for eradica-
tion of pancreatic cancer, it was not sufficient, since surgery alone yielded a survival
rate of less than 6%. Thus, identifying effective adjuvant therapies became a focus
of research. Multiple trials during the next decades demonstrated a survival advan-
tage for adjuvant chemotherapy, compared with controls who received no adjuvant
therapy. Combination chemotherapies proved disappointing; trials of taxane and
other agents in combination with 5-FU failed to produce significant improvements
over 5-FU alone and led to additional toxic events.

At the same time, radiotherapy had been shown to have benefits, which led to the
idea of combining chemotherapy and irradiation. The first major randomized group
trial [the Gastro-Intestinal Study Group (GITSG) trial] was begun in the USA in
1973 to study concurrent chemotherapy and radiation therapy (CRT) as adjuvant
therapy [6]. The study was slow to accrue, but by 1982, 43 patients had been ran-
domized to receive either an adjuvant CRT regimen consisting of 5-FU and regional
split course radiation therapy or no adjuvant treatment. The study was terminated at
that time due to the large survival benefit seen with CRT (20 months vs. 11 months).
The European Organisation for Research and Treatment of Cancer (EORTC) tried
to replicate the results, which suggested a trend to better overall survival in the CRT
arm, but its results were not statistically significant. Despite the fact that most of the
following large phase III group trials were underpowered and did not yield consis-
tent results, CRT became a standard option.

The next major milestone came in the 1990s with the addition of gemcitabine to
the treatment regimen. Gemcitabine, classified as an antimetabolite, is a nucleoside
analog that inhibits DNA replication. In a study done between 1992 and 1994 that
compared gemcitabine with 5-FU in patients with advanced pancreatic cancer,
significant benefits were seen in survival and in time to progression with gemcitabine
[7]. This was the first time in 30 years that any agent had shown improvement over
5-FU. Moreover, a clinical benefit was noted, including improvements in pain, per-
formance status, tumor-related symptoms, and weight, establishing the idea of a che-
motherapy-induced palliative effect on disease-related symptoms and improvement
in quality of life, all of which led to FDA approval of this agent in 1996. Single-agent
gemcitabine became the standard to which other agents and combinations would be
compared in the future. Gemcitabine has been studied in the adjuvant setting in sev-
eral trials and is the current adjuvant therapy standard of care for resected pancreatic
cancer. The role of radiation in this setting is controversial and is currently under
study. In the past few years, another study compared gemcitabine plus erlotinib [an
epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor] to gemcitabine
plus placebo. This study showed marginal clinical benefit but statistically significant
improvement in the combination arm and led to FDA approval of erlotinib in 2005.
Arecent phase 3 study presented by Conroy and colleagues reported on FOLFIRINOX
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(5-FU, oxaliplatin, and irinotecan) superiority over gemcitabine in the treatment of
metastatic pancreatic cancer. The median overall survival was 11.1 months in the
FOLFIRINOX group compared with 6.8 months in the gemcitabine group, and the
authors concluded that FOLFIRINOX is an option for the treatment of patients with
metastatic pancreatic cancer and a good performance status [8].

Improvements in surgical technique and in perioperative and supportive care
over the past two decades are responsible for some of the gains in survival and for
the better survival rates seen in high-volume centers —fewer people died of surgical
complications. Of importance, these factors have also affected morbidity. Patients
are therefore not just living longer, their quality of survival has been much improved.
Ascites, bowel obstructions, and jaundice are examples of complications of this
cancer that can be relieved with stents and decompression techniques. Advances in
pain management have also contributed, with the addition of long-acting narcotics,
pain pumps, and invasive procedures such as celiac axis neurolysis.

The MD Anderson Cancer Center Experience

The data set used for this discussion was derived from a total of 7,204 patients who
presented to MD Anderson Cancer Center with pancreatic cancer between 1944 and
2004. Those with endocrine tumors or other primary cancers and patients who had
been treated elsewhere were excluded, resulting in 2,079 patients who received
definitive treatment at this institution for exocrine pancreatic cancer. Survival was
calculated from initial presentation.

It should be noted that all data presented here are for exocrine pancreatic cancers.
Most published survival statistics for pancreatic cancer include both endocrine and
exocrine types. The 5-year overall Surveillance, Epidemiology, and End Results
program (SEER) survival rate in the final decade of the timeframe (1995-2004) was
5% for all pancreatic cancers. At MD Anderson it was 15.3% for all pancreatic can-
cers and 10% for the exocrine type alone.

Presentation

Throughout the 60-year timespan, most patients presenting with exocrine pancre-
atic cancer had regional or distant disease (Table 12.1). The fact that there has been
little change in the percentage of patients presenting with localized disease high-
lights the ongoing lack of a screening mechanism to identify early pancreatic can-
cers. For three decades (1955-1984), well over half of patients (58.8—-67.5%) had
metastatic disease on presentation, which also reflects, at least in some measure,
referral trends.
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Table 12.1 Patients with exocrine pancreatic cancer treated at MD Anderson, 1944-2004
SEER stage at presentation

Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 0 (0) 4 (57.1) 3(42.9) 0 (0) 7 (100.0)
1955-1964 11 (12.9) 21 (24.7) 50 (58.8) 3(3.5) 85 (100.0)
1965-1974 9(7.1) 27 (21.4) 85 (67.5) 5 (4.0) 126 (100.0)
1975-1984 29 (11.3) 60 (23.3) 158 (61.5) 10 (3.9) 257 (100.0)
1985-1994 47 (8.8) 183 (34.1) 240 (44.8) 66 (12.3) 536 (100.0)
1995-2004 143 (13.4) 418 (39.1) 370 (34.6) 137 (12.8) 1,068 (100.0)
Total 239 (11.5) 713 (34.3) 906 (43.6) 221(10.6) 2,079 (100.0)

SEER Surveillance, Epidemiology, and End Results program

Survival

The overall survival trend reflected in Fig. 12.1 indicates an improvement over the
60-year timespan, from 0% to 10% for 5-year survival and from 0% to 7.8% for
10-year survival.

With the exception of one decade, this increase was steady. The exception
occurred during the 1975-1984 period, when overall survival rates were lower than
those of the previous two decades (1955-1964 and 1965-1974); this finding was
specific to patients presenting with local disease (Fig. 12.2).

These exceptions all involved single patients. There were 11 patients admitted
with local disease between 1955 and 1964, 9 patients between 1965 and 1974, and
29 patients between 1975 and 1984. Among these patients, one in each decade sur-
vived longer than 5 years, and one in each of the latter two decades survived at least
10 years. Given the small number of patients, it is difficult to postulate causal fac-
tors; however, historically these periods predated many advancements in critical
care and surgical technique that took place at MD Anderson Cancer Center since the
early 1980s that have led to our current results.

The significant 5- and 10-year survival increases for patients presenting with
local and regional disease occurred during the final two decades of the timeframe.
For patients presenting with regional disease, we saw incrementally longer survival
rates during each decade, but it is notable that 5-year survival rates were not seen
until the past two decades (Fig. 12.3).

Metastatic pancreatic cancer. For patients presenting with distant metastases, gains
in survival have been incremental; increases in the number of patients reaching the
5-year milestone have been small and have occurred only in the past two decades.
Advances in palliative surgery, and more importantly, better supportive care mea-
sures, have improved the survival rates and the quality of survival for patients with
metastatic disease (Fig. 12.4).

Localized pancreatic cancer. We do not attribute recent survival gains wholly to
better treatments, but rather in large measure to advances in imaging technology that
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Fig. 12.1 (a) Overall survival rates for patients with exocrine pancreatic cancer (1944-2004)
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with exocrine
pancreatic cancer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.
(b) Kaplan—Meier survival table.

have allowed us to better stage disease preoperatively and to better select candidates
for surgery. Specific refinements in the surgical approach to pancreatic cancer have
been developed through our experience at MD Anderson Cancer Center; these include
careful anatomic dissection of the tissues adjacent to the pancreas, the use of vascular
resection in conjunction with pancreatectomy, and reduction in operative and postop-
erative complications. These improvements have resulted in low operative morbidity
and mortality rates and a low rate of tumor recurrence at the site of surgical removal
(local recurrence). We believe that these improvements and their associated results
have contributed to the observed improvement in overall survival [9].
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Fig. 12.2 (a) Survival rates for patients with local (SEER stage) exocrine pancreatic cancer
(1944-2004) (P<0.0001, log-rank test for trend). Because of the very small number of individuals
with local exocrine pancreatic cancer seen from 1944 to 1954, data from this period were excluded.
N.A. not applicable. (b) Kaplan—-Meier survival table.

Another significant treatment advance arose from our ability to resect the portal
vein if necessary, which meant that more patients could receive potentially curative
surgery; another benefit resulted from recognizing the importance of the retroperi-
toneal margin—the area between the tumor and the border of the superior mesen-
teric artery—which is frequently microscopically tumor-positive. Our approach is
to take very thin serial sections of this tissue, from which we provide meticulously
inked and oriented specimens for pathologic interpretation [10]. It is a technically
challenging task to safely dissect tissue so close to the wall of the superior mesen-
teric artery, but it is a critical step because this is a site of frequent recurrence, even
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Fig. 12.3 (a) Survival rates for patients with regional (SEER stage) exocrine pancreatic cancer
(1944-2004) (P<0.0001, log-rank test for trend). Because of the very small number of individuals
with regional exocrine pancreatic cancer seen from 1944 to 1954, data from this period were
excluded. N.A. not applicable. (b) Kaplan—-Meier survival table.

after resections of margins believed to be negative. This may explain, at least in
part, the high recurrence rates previously reported after resections of tissue believed
to be complete. The cornerstone of this approach is preoperative imaging, which has
only recently become refined enough to be able to assess this area, which is mere
millimeters wide.

Another treatment milestone came in the mid to late 1990s, when we began to
focus on preoperative therapy for disease at earlier stages than were previously con-
sidered. This is an approach we continue to favor.
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Fig. 12.4 (a) Survival rates for patients with distant (SEER stage) exocrine pancreatic cancer
(1944-2004) (P<0.0001, log-rank test for trend). Because of the very small number of individuals
with distant exocrine pancreatic cancer seen from 1944 to 1954, data from this period were
excluded. N.A. not applicable. (b) Kaplan—Meier survival table.

Finally, there have been other advances in the treatment of pancreatic cancer that
should not go unmentioned, advances that have not affected the length of survival
but have impacted its quality. These include pain management and palliative radio-
logic and surgical techniques such as biliary decompression and relief from gastric
outlet obstruction, causes of significant distress and morbidity associated with pan-
creatic cancer.
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Current Management Approach

The hallmarks of the current approach to the management of pancreatic cancer at
MD Anderson are thorough preoperative staging and a preference for preoperative
(neoadjuvant) therapy (preferably on clinical trial when available) in earlier-stage
disease than is considered standard.

Management begins with high-resolution imaging according to a defined pancreas
protocol, beginning with multidetector helical CT imaging, which is optimal for eval-
uation of tumor and vessel orientation, para-pancreatic lymph nodes, and metastatic
disease of the liver and peritoneum. Endoscopic ultrasound, which has higher sensi-
tivity than CT has, is used to evaluate primary tumors and to guide fine-needle aspira-
tion biopsy if a mass is present. If indicated, ERCP is used to relieve obstructive
jaundice before preoperative therapy with the placement of a plastic or metal stent;
the latter is preferred in patients receiving preoperative therapy for >8 weeks.

Preoperative therapy —chemotherapy followed by chemoradiation or chemora-
diation alone—is favored at our institution, even in patients whose disease is ini-
tially considered resectable. There are several compelling reasons for this. First,
given the high rates of recurrence after potentially curative resections, most agree
that pancreatic cancer is a systemic disease in the majority of patients. Second,
radiation-based preoperative therapy likely helps increase the chance of an RO
resection. A third rationale for preoperative therapy is that as many as 25% of
patients who proceed with a surgery-first approach never receive postoperative ther-
apy because of the prolonged recovery after surgery. Finally, preoperative therapy
helps identify patients who will benefit from surgery. Patients receiving systemic
therapy whose disease is rapidly progressive are likewise identified and spared the
morbidity of the surgery.

Concerns about choosing preoperative therapy instead of upfront surgery in
patients whose disease is considered resectable are related to losing a “window” in the
setting of a rapidly progressive disease. However, recent trials at our institution have
indicated that in most patients whose disease is deemed unresectable, distant meta-
static disease is responsible for disease progression. In our single-institution trials of
170 total patients who received preoperative gemcitabine-based chemoradiation, sur-
vival duration among those who underwent resection was 32—-36 months [9].

For disease that is considered “borderline resectable,” preoperative therapy can
render some cases operable. Currently, 30—40% of patients in this category progress
to surgery at our institution. In many cases, vessel involvement by tumor was the
determinant of nonresectability [9].

Future improvements in this disease depend on continued research in the follow-
ing areas:

 Identification of more effective systemic agents.

 Identification of specific biomarkers that would help direct therapy in a targeted
way and provide a mechanism with which to identify early disease.

e Better understanding of molecular and genetic characteristics unique to this
cancer.
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To those ends, current clinical trials are aimed at building on improvements seen
by the introduction of gemcitabine and more recently FOLFIRINOX; we are keen
to identify other novel agents and combinations that can improve current results and
disease control. Similar studies are being designed to determine the mechanisms
responsible for the relative chemoresistance of pancreatic tumors.

One hallmark characteristic of pancreatic cancer is the abundant dense stroma
that surrounds the cancer. The stromal cells themselves have been shown to contrib-
ute toward disease growth and metastasis, as well as chemoresistance and radiation
resistance of pancreatic cancer [11]. Moreover, the dense stroma might also impair
delivery of drugs to tumor cells [12]. We are currently performing a novel clinical
study that examines surgical tumor specimens to detect levels of drugs given preop-
eratively (gemcitabine) and even during surgery.

Current basic research studies focus on transgenic mouse models in order to better
understand how specific gene expression is regulated by extracellular signals, how
cell proliferation is controlled, and what mechanisms are involved in tumorigenesis
and metastasis in pancreas cancer—all keys to developing targeted therapies and
identifying predictive markers for screening. Acquiring a better understanding of not
only the pancreatic cancer cells but also the tumor microenvironment, such as the
stroma, is critical to developing novel effective therapies for this disease.

Tools that are essential for an effective basic and translational research program
in pancreatic cancer are a well-established tissue bank and integrated clinical data-
base. Because of its location deep in the peritoneum, pancreatic cancer is not acces-
sible for serial biopsy, and therefore the tissue repository for study is less rich than
it is for many other cancers. At our institution, we have established standard operat-
ing procedures for the collection of high-quality tissue with annotated clinical data
for all patients with pancreatic cancer [13]. Novel methods of study developed from
the biospecimen bank include our current tumor xenograft program, in which indi-
vidual tumors surgically removed from patients at MD Anderson are grown in mice
and used for genetic testing [14]. In the future, these methods will be used for indi-
vidualized patient care.

Increasing awareness of this deadly disease may help attract more support for
needed research. Currently, pancreatic cancer is the least funded of the major can-
cers. Research efforts directed at improved methods of detection, understanding the
mechanisms of drug resistance, and development of novel therapeutic targets (on
both cancer and stromal compartments) are needed to make any significant progress
in this deadly disease.
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Chapter 13
Kidney Cancer

Scott E. Delacroix Jr., Surena F. Matin, John Araujo,
and Christopher G. Wood

Introduction

Approximately 58,000 people in the United States were diagnosed with kidney
cancer in 2011, and an estimated 13,000 people will die as a result of the disease [1].
Cancer of the kidney represents 3.9% of all U.S. cancers and 2% of all cancer
deaths. During their lifetime, 1 in 70 men and women will be diagnosed with cancer
of the kidney or renal pelvis [2]. Worldwide, the mortality from renal cell carcinoma
(RCC) is estimated to exceed 100,000 per year [3].

Kidney cancer is subdivided into two major histologic subtypes: RCC and tran-
sitional cell carcinoma. RCC arises within the renal parenchyma and accounts for
about 85% of all primary renal neoplasms. RCC is further subdivided into multiple
subtypes that exhibit differential biologic and prognostic features. Transitional cell
carcinoma arising from the renal pelvis accounts for 7% of primary renal neoplasms,
and its biology is similar to that of transitional cell carcinoma of the bladder. Several
other rare parenchymal epithelial tumors, such as oncocytomas, collecting duct
tumors, and renal sarcomas, account for the remaining tumors. Herein, we will
review the advances and treatment of RCC at The University of Texas MD Anderson
Cancer Center.
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Historical Perspective

For localized disease, the mainstay of treatment for RCC has been surgical excision.
In the 1960s, radical nephrectomy became the procedure of choice, with a reported
66% 5-year survival rate, which compared favorably with that of simple nephrec-
tomy at 48%. For almost 35 years, the procedure was relatively static, with only
slight modifications associated with the excision of the ipsilateral adrenal gland and
the management of regional lymph nodes. In the 1990s, minimally invasive surgical
techniques (laparoscopy) were heralded, followed by the adoption of partial neph-
rectomy techniques (nephron-sparing surgery). In properly selected patients, partial
nephrectomy has yielded equivalent oncologic outcomes and has become the stan-
dard of care for many patients with small renal masses [4]. Although initially used
only to perform radical nephrectomy, the laparoscopic approach is now used for
some nephron-sparing surgeries.

In the 2000s, further advances in technology have spawned ablative technologies
(cryotherapy and radiofrequency ablation) for small renal masses as well as robotic
extirpative and reconstructive techniques. The durability of oncologic outcomes
with the use of ablative techniques remains to be proven.

Even more recently, active surveillance of the small (less than 4 cm) renal mass
has gained increasing popularity for those with a reduced life expectancy due to age,
severe medical conditions, or a high surgical risk. The use of partial nephrectomy
for small renal masses has an equivalent cancer-specific survival rate and possibly
an improved overall survival rate compared with radical nephrectomy [4]. The
increased overall survival is purported to be due to a decrease in the comorbid
chronic medical conditions associated with the development of chronic renal
insufficiency. As in many aspects of oncologic treatment, surgical therapy for RCC
is best modified for each individual patient. Systemic agents are also tailored to the
individual patient with use of a multifaceted analysis of histologic subtype, patient
comorbid medical conditions, burden of disease, and other characteristics.

Risk Factors

Numerous environmental and clinical factors have been implicated in the etiology
of RCC [5]: tobacco use; occupational exposure to toxic compounds such as cad-
mium, asbestos, and petroleum by-products; obesity; acquired polycystic disease of
the kidney (typically associated with dialysis); and analgesic abuse nephropathy.
Cigarette smoking doubles the likelihood of RCC and contributes to as many as
one-third of all cases [6—8]. The risk of developing RCC in patients with acquired
polycystic disease of the kidney has been estimated to be 30 times greater than in
the general population [9].

Although most RCCs are sporadic (>90%), factors suggesting a hereditary cause
include first-degree relatives with the disease [10-13], onset before age 40, and
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bilateral or multifocal disease [14]. An enhanced risk of RCC has been observed in
patients with certain inherited disorders (von Hippel-Lindau disease, hereditary
papillary renal cancer, hereditary leiomyomatosis renal cancer syndrome, and Birt—
Hogg-Dube syndrome), thereby implicating various genetic abnormalities in its
etiology. In addition, patients with tuberous sclerosis and hereditary polycystic kid-
ney disease, although not having a substantially increased incidence of renal cancer,
can have cancers with unique features.

Staging

Approximately 75% of patients present with clinically localized disease amenable
to surgical treatment. Despite the initial presentation, up to 40% of these patients
will experience recurrence of disease after the primary lesion is treated. In RCC, the
most consistent predictor of patient outcome is stage. Multiple modifications to the
American Joint Committee on Cancer (AJCC) staging system have occurred to fur-
ther improve the prognostic accuracy of the staging system. In 2002, the T1 stage
was further subdivided into Tla and T1b [15]. In 2009, the T2 and T3 staging cat-
egories were modified and the nodal stage simplified to better reflect outcome in
patients with advanced-stage disease (Table 13.1) [16].

The overall incidence of RCC in the United States for all races has been increas-
ing and is now three times higher than the mortality rate. Since 1950, there has been
a 126% increase in the incidence of RCC, accompanied by a 37% increase in annual
mortality [17, 18]. Moreover, the 5-year survival rate of patients diagnosed with
RCC has improved, from 34% for those diagnosed in 1954 to 67% for those diag-
nosed in 2004 [19].

With the widespread introduction of cross-sectional imaging in the mid-
1980s, the incidence of low-stage tumors increased substantially. Incidental
discovery of RCC increased from approximately 10% in the 1970s to 60% in
1998, and the mortality rate between 1990 and 2005 decreased by approxi-
mately 5% [18, 20].

Stage migration has been continuous: the incidence of stage I disease has contin-
ued to increase, whereas that of stages II and III disease has shown a statistically
significant decline. The incidence of stage IV disease has remained stable over the
past two decades [20]. Stage grouping (Table 13.2) shows the poor 5-year survival
rates in patients with locally advanced and metastatic disease.

Although the decrease in mortality during the past 20 years is most likely a result
of the increased incidence of lower-stage tumors (stage migration), multiple
advances in understanding the biology of RCC have led to novel targeted treatments
for patients with advanced/metastatic disease. Although complete responses are
anecdotal, these targeted agents are providing extended survival in a large percent-
age of stage IV patients—survival times not previously seen in the recorded history
of the disease.
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Table 13.1 AJCC Version 7.0 staging of renal cell carcinoma

Primary tumor (T)
X

TO
T1
Tla
Tlb

T2

T2a
T2b
T3

T3a
T3b
T3c

T4

Regional lymph nodes (N)
NX
NO
N1

Distant metastasis (M)
MO

M1

Primary tumor cannot be assessed

No evidence of primary tumor

Tumor 7 cm or less in greatest dimension, limited to the kidney

Tumor 4 cm or less in greatest dimension, limited to the kidney

Tumor more than 4 cm but not more than 7 cm in greatest
dimension limited to the kidney

Tumor more than 7 cm in greatest dimension, limited to the
kidney

Tumor more than 7 cm but less than or equal to 10 cm in
greatest dimension, limited to the kidney

Tumor more than 10 cm, limited to the kidney

Tumor extends into major veins or perinephric tissues but not
into the ipsilateral adrenal gland and not beyond Gerota’s
fascia

Tumor grossly extends into the renal vein or its segmental
(muscle containing) branches, or tumor invades perirenal
and/or renal sinus fat but not beyond Gerota’s fascia

Tumor grossly extends into the vena cava below the diaphragm

Tumor grossly extends into the vena cava above the diaphragm
or invades the wall of the vena cava

Tumor invades beyond Gerota’s fascia (including contiguous
extension into the ipsilateral adrenal gland)

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Regional lymph node metastasis

No distant metastasis (no pathologic MO; use clinical M
to complete stage group)
Distant metastasis

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois.
The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010)
published by Springer Science and Business Media LLC, www.springer.com [16]

Table 13.2 Correlation of stage grouping with survival in patients with renal cell cancer

Cancer stage  Tumor category

Node category  Metastasis category ~ 5-year survival rates

I Tl
I T2
11 T3a
T3b
T3c
Tl
T2
T3
v T4

NO MO 90-95
NO MO 70-85
NO MO 50-65
NO MO 50-65
NO MO 45-50
N1 MO 25-30
N1 MO 25-30
N1 MO 15-20

Any N MO 10



http://www.springer.com

13 Kidney Cancer 137
The MD Anderson Cancer Center Experience

The MD Anderson Tumor Registry data set was derived from 10,308 patients
diagnosed with kidney cancer between 1944 and 2004. Of this total group, 4,601
received no prior treatments. After excluding patients with other primary noncuta-
neous malignancies and those previously treated at other institutions, survival data
were calculated from the remaining 2,839 patients. The number of patients present-
ing by time interval is summarized in Table 13.3.

Until the early 1990s, there were no FDA-approved treatments for metastatic
RCC, represented by the high percentage of new referrals for patients with distant
metastatic disease. With the approval of high-dose interleukin 2 (HD IL-2) in 1992
and more recently with the approval of multiple targeted agents for the treatment of
metastatic RCC (2005—present), the percentage of referrals for advanced disease
may plateau.

The Kaplan—Meier survival curves for patients with RCC reveal significantly
improved 5- and 10-year outcomes over the 60-year analysis period (Fig. 13.1).
Equally apparent is the stage migration, noted since the mid-1980s with the preva-
lent use of cross-sectional imaging; analyzing outcome on the basis of stage pro-
vides better insight into the historical improvements in the treatment of this disease.
Significant improvements in the treatment of localized and regional disease have
increased survival rates, as shown in Figs. 13.2 and 13.3, respectively.

Unfortunately, up to 40% of patients with localized/regional disease will experi-
ence recurrence of disease after treatment of the primary lesion; however, no adju-
vant treatments have been approved for these patients at high risk of recurrence.
Since the approval of the first targeted agent in 2005, overall survival rates for
patients with metastatic disease have increased significantly. As shown in Fig. 13.4,
survival rates for those with distant disease have not substantially improved over the
analysis period, but these data do not include the survival rates achieved since the
introduction of newer effective agents. For the time periods surveyed, the only

Table 13.3 Patients with kidney cancer treated at MD Anderson, 1944-2004
SEER stage at presentation

Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 3(50.0) 0 (0) 2(33.3) 1(16.7) 6 (100.0)
1955-1964 15 (21.1) 12 (16.9) 43 (60.6) 1(1.4) 71 (100.0)
1965-1974 35(19.1) 18 (9.8) 126 (68.9) 4(2.2) 183 (100.0)
1975-1984 74 (18.2) 65 (16.0) 262 (64.5) 5(1.2) 406 (100.0)
1985-1994 167 (22.3) 130 (17.4) 444 (59.4) 7(0.9) 748 (100.0)
1995-2004 513 (36.0) 232 (16.3) 651 (45.7) 29 (2.0) 1,425 (100.0)
Total 807 (28.4) 457 (16.1) 1,528 (53.8) 47 (1.7) 2,839 (100.0)

SEER Surveillance, Epidemiology, and End Results program
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Fig. 13.1 Overall survival rates for patients with kidney cancer (1944-2004) (P <0.0001, log-rank
test for trend). Because of the very small number of individuals with kidney cancer seen from 1944

to 1954, data from this period were excluded. N.A. not applicable.
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Fig. 13.2 Survival rates for patients with local (SEER stage) kidney cancer (1944-2004)
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with local
kidney cancer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.
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Fig. 13.3 Survival rates for patients with regional (SEER stage) kidney cancer (1955-2004)

(P=0.56, log-rank test for trend). Because no individuals with regional kidney cancer were seen
from 1944 to 1954, data from this period were excluded. N.A. not applicable.

100

Initial
Presentation Year
N.A. 1944-54
80 — 1955-64
— 1965-74
— 1975-84
—~ —— 1985-94
Q\"’ 60 — 1995-04
©
2
2
=1 -
a 40
20
0

Years Since Presentation
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(P<0.0001, log-rank test for trend). Because of the very small number of individuals with distant
kidney cancer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.
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Fig. 13.5 Number of patients treated with partial versus radical nephrectomies at MD Anderson
Cancer Center between 2001 and 2011.

effective treatment for metastatic RCC (outside of a clinical trial) has been HD IL-2
therapy [21]. Although associated with the highest durable long-term survival (7%
complete durable responders), this treatment is difficult to tolerate and therefore
cannot be used by most patients with metastatic disease. Multiple agents targeted at
the angiogenesis pathway have been widely used since the first agent was approved
in December 2005. At MD Anderson Cancer Center, many of these same targeted
agents used for metastatic disease are currently being tested in the adjuvant setting
for high-risk patients, and results are forthcoming.

The use of partial nephrectomy rather than radical nephrectomy for treatment of
small localized lesions has provided an overall survival benefit by decreasing the
comorbidities associated with the development of chronic renal insufficiency [4].
Figure 13.5 shows the relative number of partial to radical nephrectomies per-
formed at MD Anderson Cancer Center between 2001 and 2011. The increasing
number of partial nephrectomies is due to both the ever-increasing number of small
renal masses (resulting from earlier detection) and improvements in technique
allowing more complex masses to be removed while sparing the remaining renal
parenchyma.

Oncologic outcomes with the use of partial and radical nephrectomy are equiva-
lent in properly selected patients. The technique of partial nephrectomy is now the
standard of care for many patients with tumors amenable to this procedure.
Application and adoption of minimally invasive techniques (robotic and laparo-
scopic) has further augmented the surgical treatment of RCC.
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Our current approach to the management of RCC is stratified by clinical and pathologic
stage. For systemic disease, histologic subtyping of RCC is particularly important
since the biologic mechanisms, and therefore the response rates to targeted agents,
are varied. For tumors with a predominance of sarcomatoid dedifferentiation, tradi-
tional cytotoxic agents are also offered on the basis of multiple small single-
institution studies and an ongoing study at MD Anderson Cancer Center.

Future improvements in survival for patients with metastatic disease will likely
come from several strategies. First, development of an effective adjuvant treatment
for patients with a high risk of recurrence after primary treatment could significantly
affect the overall survival of the 40% of patients whose disease is destined to recur.
Second, delineation of the biologic pathways involved in the development of resis-
tance to targeted and standard chemotherapeutics could enable the design of agents
specific to resistant tumors or of agents to be used up front to prevent resistance.
Third, further advances in surgical technology and techniques with appreciation for
surgical morbidity as well as oncologic outcome will aid patients diagnosed with
this disease. Historic advances have been achieved in the past 20 years, and with
continued research, we hope to continue to advance the treatment of patients with
all stages of RCC.
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Chapter 14
Bladder Cancer

Robert S. Svatek, Ashish M. Kamat, Arlene Siefker-Radtke,
and Colin P.N. Dinney

Introduction

About 70,980 new cases of bladder cancer were diagnosed in 2009 [1]. Bladder
cancer, the fourth most common cancer in U.S. men, is three times more common
in men than in women [1]. The number of bladder cancer cases diagnosed annually
in the USA has increased more than 50% between 1985 and 2005 [2], which can be
explained only in part by the aging U.S. population [3]. In addition, this increased
incidence cannot be explained by changes in health care screening practices or
improved diagnostics because the means by which bladder cancer is diagnosed
(cystoscopy and biopsy) have remained constant since the 1930s.

The aggressiveness and metastatic potential of bladder cancer are heterogeneous
but depend largely on disease grade. At presentation, 55-60% of tumors are well- or
moderately differentiated and confined to the layers of the bladder superficial to the
muscularis propria—the urothelium or the lamina propria [3]. The vast majority of
patients with tumors at this stage of differentiation can be treated with endoscopic
resection; however, in approximately 20% of these cases, the disease ultimately
progresses to a higher grade or stage. On the other hand, of the 40—45% of patients
who present with high-grade disease, more than half have muscle invasion or meta-
static disease [3]. The standard of care for patients with invasive, high-grade disease
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is radical cystectomy, chemotherapy, or a combination of these modalities. In addition
to disease grade and stage, aggressive variants have been identified on the basis of
histologic features, loss of tumor suppression proteins, overexpression of oncogenic
proteins, or aberrant signaling pathways [4, 5]. Current strategies are focused on
determining the aberrant signaling pathways associated with this cancer, in hopes of
yielding specific targets that may be modulated by the large cadre of targeting agents
under development [6, 7].

Historical Perspective

Urothelial cancer is unique among noncutaneous carcinomas in that it is the only
common epithelial neoplasm that usually presents at a superficial stage. At this
stage, the lesions can be readily examined visually and cytologically for diagnostic
and follow-up studies. In fact, 80-85% of urothelial cancers are exophytic papillary
lesions that tend to recur but only rarely evolve into a higher-grade invasive cancer.
The remaining urothelial cancers are nonpapillary and invasive at diagnosis and
arise from severe dysplasia or carcinoma in situ. The vast majority of invasive blad-
der cancers occur in patients without a prior history of papillary tumors.

Transurethral resection (TUR) is adequate therapy for most low-grade noninva-
sive lesions, but the majority of these lesions recur within 5 years; however, they
rarely invade or result in death from bladder cancer. The recurrence rate of low-
grade bladder cancer is decreased by a single post-TUR intravesical instillation of
chemotherapy. Although various intravesical therapies (chemotherapy and immuno-
therapy) are used for higher-risk noninvasive tumors, bacillus Calmette—Guerin
remains the most effective intravesical treatment. Patients with muscle invasion
have a potentially life-threatening disease, but those with pathologically confirmed
organ-confined bladder cancer have an 80—85% long-term disease-free survival rate
with radical cystectomy and pelvic lymphadenectomy. Outcome is improved in
patients presenting with locally advanced cancers by the addition of multiagent che-
motherapy. For patients with grossly metastatic disease, contemporary chemother-
apy regimens produce reliable symptom palliation and median survival ranging from
13 to 18 months. Although few responses are durable, large trials consistently show
a 10-15% long-term disease-free survival rate after multiagent chemotherapy.

The MD Anderson Cancer Center Experience

The MD Anderson Tumor Registry data set was derived from 10,950 men and
women who were seen for a diagnosis of bladder cancer between 1944 and 2004. Of
this group, 2,811 had no previous treatment for their malignancy and received
definitive primary treatment at MD Anderson. After excluding patients with multi-
ple primary cancers, except for superficial skin cancers and those treated elsewhere,
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Table 14.1 Clinical staging of bladder cancer®

Stage Description

Tx Primary tumor cannot be assessed

TO No evidence of primary tumor

Ta Noninvasive papillary carcinoma

Tis Carcinoma in situ

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades detrusor muscle

T3b Palpable three-dimensional mass on examination under
anesthesia after endoscopic resection of tumor

T4a Tumor invades prostate, uterus, or vagina

T4b Tumor invades pelvic wall or abdominal wall

*According to the 1997 American Joint Committee on Cancer and the International Union Against
Cancer (AJCC-UICC) primary tumor, regional nodes, and metastasis (TNM) staging system

Table 14.2 Pathologic staging of bladder cancer®

Stage Description

Tx Primary tumor cannot be assessed

Ta Noninvasive papillary carcinoma

Tis Carcinoma in situ

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades detrusor muscle

T3b Tumor invades perivesical tissue macroscopically
T4a Tumor invades prostate, uterus, or vagina

T4b Tumor invades pelvic wall or abdominal wall

*According to the 1997 American Joint Committee on Cancer and the International Union Against
Cancer (AJCC-UICC) primary tumor, regional nodes, and metastasis (TNM) staging system

1,564 patients remained and formed the basis of this report, including 1,112 (71.1%)
men and 452 (28.9%) women. The large majority of patients presented with local
(50.1%) or regional (34.9%) disease, whereas 12% presented with distant disease
(see Tables 14.1, 14.2, and 14.3 for staging definitions). This distribution of cases by
stage has changed slightly over time (Fig. 14.1). In particular, there was a decrease
in the number of regional disease stage presentations from the 1950s to 2004, and
the number of patients seen for distant disease has steadily increased over time.
These changes may be in part related to time-dependent stage classification changes,
improvement in imaging techniques, and changes in referral patterns over time.
The Kaplan—Meier survival estimates reveal incremental improvement in overall
survival over time for patients presenting to MD Anderson with bladder cancer
(Fig. 14.2). The 10-year overall survival rate was 19.4-24.1% during the years
1944-1974 and 34.8-44.5% during 1975-2004. The survival rate for patients with
local disease significantly improved over time (Fig. 14.3). For patients with local-
ized disease, the average 5-year and 10-year overall survival rates within the first
three decades vs. the most recent three decades were 52.2% vs.73.9% and 28.1% vs.
56.4%, respectively (Fig. 14.3). Similarly, for patients with regional disease, the
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Table 14.3 SEER summary staging 2000

Stage Description TNM

In situ Tumor is only in the layer of cells in which it began =~ Ta-Tis and N—

Local Tumor is confined to the primary site T1-T2 and N-

Regional Tumor has spread to regional lymph nodes or beyond T3-T4a or Regional N+*
primary site

Distant Tumor has metastasized to nonregional lymph nodes, T4b, nonregional N+°, or M+
visceral organs, abdominal wall, or pelvic wall

“Includes perivesical, internal iliac (hypogastric), external iliac, obturator, and sacral
®*Includes common iliac and above. However, common iliac was considered regional in the 1977
Surveillance, Epidemiology, and Ends Results (SEER) summary staging guide
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Fig. 14.1 Trends in stage presentation over time.

average 5-year and 10-year overall survival rates within the first three decades
vs. the most recent three decades were 15.5% vs. 39.9% and 13.4% vs. 30.3%,
respectively (Fig. 14.4).

The improved survival estimates for patients with local and regional disease
across the study period are likely attributable to several factors. Whereas refinements
in surgical technique have remained relatively constant, the frequency of surgical
removal of regional lymph nodes has increased over time, with growing recognition
of the survival benefit afforded with extended pelvic nodal dissection compared
with limited pelvic dissection. Several major medical centers reported improved
outcome for patients undergoing extended vs. limited nodal dissections. As a result,
the extent of nodal dissection changed considerably during the study period. It is
expected that a proportion of patients presumed to be node-negative were actually
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Fig. 14.2 Overall survival rates for patients with bladder cancer (1944-2004) (P <0.0001, log-rank
test for trend).
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Fig. 14.3 Survival rates for patients with local (SEER stage) bladder cancer (1944-2004)
(P<0.0001, log-rank test for trend).

node-positive in the early part of the study period because they underwent limited
nodal dissection. Improvements in staging accuracy, identification of aggressive
tumors, use of selective adjuvant chemotherapy, and the application of surgical con-
solidation for patients with initial node-positive disease have also been important.
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Fig. 14.4 Survival rates for patients with regional (SEER stage) bladder cancer (1944-2004)
(P<0.0001, log-rank test for trend).

Surgical staging in bladder cancer with use of computed tomography or magnetic
resonance imaging became routine during the second half of the study interval, and
refinements in these imaging modalities have improved staging accuracy.

Another explanation for the improvements in overall survival for patients with
local and regional disease over time is the identification of high-risk tumors based
on variant histology or clinical prognostic features. For example, identification of
the micropapillary variant of urothelial cell carcinoma of the bladder as a particu-
larly aggressive subtype by researchers at our institution led to a more aggressive
surgical approach (i.e., extirpative surgery even at early stages) for patients with
these tumor subtypes [8, 9]. In addition, chemotherapy is now routinely recom-
mended for patients with adverse variant histologic subtypes such as small cell car-
cinoma [10, 11] and on protocol for selected patients with other variants such as
micropapillary urothelial cell carcinoma [10, 12, 13]. In addition, the use of routine
re-resection for all patients with cT1 disease has improved staging accuracy and has
identified patients more likely to experience disease progression, thereby prompting
recommendations to undergo immediate cystectomy.

An additional explanation for the improvements in overall survival during the
study period may be the improvements that have been made in supportive care.
Bladder cancer is strongly associated with tobacco exposure, and patients with blad-
der cancer frequently experience additional medical conditions such as chronic
obstructive pulmonary disease, emphysema, coronary artery disease, vascular dis-
ease, obesity, and metabolic comorbidities. Indeed, these patients are at significant
risk for perioperative complications, including mortality. Improvements in supportive
care, frequent use of supportive services such as specialized preoperative assessment
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Fig. 14.5 Survival rates for patients with distant (SEER stage) bladder cancer (1944-2004)
(P=0.109, log-rank test for trend). Because of the very small number of individuals with distant
bladder cancer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.

centers, and improved nursing and infrastructure have likely resulted in fewer deaths
due to perioperative mortality or from other diseases.

Unlike patients with local and regional disease, overall survival in patients with
distant disease has remained poor across the study period (Fig. 14.5). No statisti-
cally significant differences or trends in survival estimates were observed at the
10-year increments evaluated (P=0.109). Although bladder cancer is considered a
chemosensitive tumor, with response rates up to 60% with use of cisplastin-based
regimens, the response is invariably transient, and patients usually succumb to their
disease within 2 years of a diagnosis of metastatic disease. Unfortunately, no major
improvements have been made in chemotherapeutic regimens for bladder cancer
since the 1980s, and the treatment of metastatic disease remains largely incurable
except for selected groups of patients with nodal metastasis [14, 15]. However,
recent data support the utility of neoadjuvant chemotherapy in the setting of mus-
cle-invasive surgically resectable cancer [16]. It is hoped that the identification of
targeted therapies based on the aberrant pathway(s) of tumors will lead to new ther-
apies that will improve outcome for patients with distant disease.

Current Management Approach

Our current approach to the management of bladder cancer is dependent on grade,
stage, and variant histology (Fig. 14.6). In general, most patients presenting to
MD Anderson with a diagnosis of bladder cancer undergo immediate cystoscopic
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Fig. 14.6 Our current approach to the management of bladder cancer, based on grade, stage, and
variant histology. BCG bacillus Calmette—Guerin, EUA examination under anesthesia, TURBT
transurethral resection of bladder tumor.

examination under anesthesia as well as transurethral re-resection of the tumor or
scarred area of the resected tumor. Re-resection is important not only to confirm that
the tumor was removed by the referring urologist but also to gain biologic insight
into the behavior of the tumor. For example, patients with T1 disease who have
residual/recurrent tumor on re-resection performed at 4-6 weeks after initial TUR
are at increased risk of disease progression and should be counseled as patients with
T2 disease. This approach provides a uniform assessment of disease stage and
enables us to counsel patients toward a treatment approach based on all clinico-
pathologic features of their disease.

Patients with low-grade disease are treated with endoscopic resection and
routine surveillance, with or without intravesical chemotherapy. Patients with
intermediate-stage disease (Tis and T1) are counseled to undergo endoscopic
resection, intravesical bacillus Calmette—Guerin, or immediate cystectomy on
the basis of clinicopathologic features. Patients with advanced-stage disease but
without evidence of high-risk features for micrometastasis are counseled to
undergo immediate radical cystoprostatectomy with urinary diversion. Our group
previously identified high-risk features associated with increased likelihood of
pathologic upstaging, including the presence of lymphovascular invasion, hydro-
nephrosis, a three-dimensional mass on examination under anesthesia, and variant
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adverse histology. Patients with any of these high-risk features are counseled to
receive aggressive neoadjuvant cytotoxic chemotherapy [12, 17].

Although the advent of neoadjuvant cisplatin-based combination chemotherapy
has had an impact in the treatment of urothelial cancer, the overall outcome in the
setting of visceral metastases remains poor. Recent improvements in supportive
care with antiemetics and growth factor support have improved the tolerability of
chemotherapy. However, gemcitabine plus cisplatin (GC), as well as methotrexate,
vinblastine, adriamycin, and cisplatin (M-VAC), remain the standards against which
newer chemotherapy will be judged [18]. The use of a dose-dense form of M-VAC,
in which all four of the treatment’s agents are repeated every 2 weeks, has resulted
in an improved toxicity profile and an improved response rate in bladder cancer
patients [19], although improvement in survival rate was not seen in this small phase
II trial. In light of the improved toxicity profile with dose-dense M-VAC, this com-
bination of drugs has become our preferred treatment.

Conclusion

In this review of the MD Anderson cancer experience between 1944 and 2004, we
have observed significant stage migration as the number of patients presenting with
regional disease decreased while those presenting with local and distant disease
increased. These changes are likely associated with time-dependent stage
classification changes, improvement in imaging techniques, and changes in referral
patterns. In addition, we observed improvement in the overall survival rates for
patients presenting to MD Anderson with bladder cancer. This improvement may be
explained by the refinements made in surgical approaches with more complete
nodal dissections, improved staging accuracy, and identification of high-risk fea-
tures, which enabled proper selection of patients for perioperative chemotherapy, as
well as improved infrastructure and support systems.
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Chapter 15
Cutaneous Melanoma

Jeffrey E. Gershenwald, Geoffrey G. Giacco, and Jeffrey E. Lee

Introduction

According to the American Cancer Society, melanoma represents the sixth most
commonly diagnosed cancer in the USA; approximately 76,250 individuals are
expected to be diagnosed with invasive melanoma in 2012 [1]. Between 1975 and
2005, the annual incidence of invasive cutaneous melanoma in the USA rose by an
average of 3.1% per year, faster than that of nearly all other cancers [2, 3]. The
estimated lifetime risk of developing cutaneous melanoma will be 1 in 50 by 2015
[2]. Moreover, recent data showed a real increase in incidence for both males and
females, including young women. Also concerning is the finding that although the
incidence of most cancers monitored by the surveillance, epidemiology, and end
results (SEER) program has been decreasing, the incidence of melanoma has been
increasing; in fact, the increase in the incidence of melanoma is the highest of all
cancers, even among the subset of cancers that showed increasing incidence between
1995 and 2006 [2].

Melanoma of the skin, known as cutaneous melanoma, arises from melanocytes,
the neural crest-derived pigment-producing cells found at the dermal-epidermal
junction of the skin. Historically, melanoma has been subtyped on the basis of his-
topathologic factors, anatomic site, and degree of sun damage, and conventionally
further classified as superficial spreading melanoma, nodular melanoma, lentigo
maligna melanoma, acral lentiginous melanoma, or desmoplastic melanoma [4].
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Despite the longevity of the classic “histogenetic” classification system for melanoma,
evidence has been rapidly accumulating showing that distinct categories of mela-
noma do exist and that underlying genetic alterations drive observed morphologic
differences among melanomas. This so-called morphogenetic classification has
very recently gained popularity along with the appreciation that specific activating
mutations in melanomas that result in aberrant signaling pathways are also corre-
lated with morphology. Examples of important mutations in melanoma include
BRAF [5], NRAS, and ¢-KIT [6]. Although the vast majority of patients with inva-
sive primary cutaneous melanoma present with clinically localized disease (stage I
or II), a subset of these patients actually harbor occult regional lymph node disease
[7, 8]. In fact, regional lymph node spread represents the most common first site of
metastasis in patients with cutaneous melanoma. Unfortunately, in some patients,
spread to distant metastatic sites such as liver, lung, or brain occurs.

Historical Perspective

Cutaneous melanoma can occur anywhere on the body; typically, it is found on the
lower extremities in women and on the trunk in men. When a patient presents with
a suspicious (generally pigmented) lesion suggestive of melanoma, performing a
biopsy and histological assessment of the findings is required in order to make
a definitive diagnosis and to obtain essential information about the primary tumor,
the latter of which is of critical importance in staging, prognosis, and treatment
decision-making.

Since the vast majority of patients with invasive primary cutaneous melanoma
present with early-stage disease, surgical resection, known as wide excision, with
margins appropriate for tumor thickness, is the mainstay of clinical management for
most patients. Historically, melanomas were excised with extensive margins (i.e.,
3-5 cm), but these excision margins have since narrowed. Current recommenda-
tions for excision margin for invasive melanomas range from 1 to 2 cm, depending
on tumor thickness of the primary lesion.

Refinements in staging and prognosis—including the important concept of pri-
mary melanoma microstaging—were based on landmark attempts to define
melanoma-specific prognostic factors in the 1970s and 1980s [9]; such refinements
led to the development of important clinical trials that have helped define predictors
of outcome, including Breslow tumor thickness (the measured “depth” of invasion
of the melanoma using an ocular micrometer), Clark level of invasion, primary
tumor ulceration, and regional node involvement. This information, in turn, led to
the establishment of the first American Joint Committee on Cancer (AJCC) mela-
noma staging system in 1977 [10, 11], itself representing the first formal integration
of microstaging into the staging criteria. Multiple evidence-based refinements in
staging have subsequently occurred, for which MD Anderson has played an impor-
tant contributory role, up to and including the most recent AJCC melanoma staging
system in 2010 (Tables 15.1 and 15.2) [12-15].
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Table 15.1 TNM staging categories for cutaneous melanoma [12]

Classification Thickness (mm) Ulceration status/mitoses
T
Tis NA NA
Tl <1.00 (a) Without ulceration
and mitosis <1/mm?
(b) With ulceration
or mitoses >1/mm?
T2 1.01-2.00 (a) Without ulceration
(b) With ulceration
T3 2.01-4.00 (a) Without ulceration
(b) With ulceration
T4 >4.00 (a) Without ulceration
(b) With ulceration
N No. of metastatic nodes Nodal metastatic burden
NO 0 NA
N1 1 (a) Micrometastasis®
(b) Macrometastasis®
N2 2-3 (a) Micrometastasis®

(b) Macrometastasis®
(c) In transit metastases/satellites
without metastatic nodes
N3 4+ metastatic nodes, or matted
nodes, or in transit metastases/
satellites with metastatic nodes

M Site Serum LDH
MO No distant metastases NA
Mla Distant skin, subcutaneous, Normal
or nodal metastases
Milb Lung metastases Normal
Milc All other visceral metastases Normal
Any distant metastasis Elevated

NA not applicable, LDH lactate dehydrogenase

“Micrometastases are diagnosed after sentinel lymph node biopsy

"Macrometastases are defined as clinically detectable nodal metastases confirmed pathologically
Reprinted with permission. ©2009 American Society of Clinical Oncology. All rights reserved

Historically, wide excision of the primary tumor and nodal observation were the
standard of care, although regional lymph node metastasis, the most common first
site of recurrence in patients with primary melanoma, occurred in a significant
minority of patients, many of whom ultimately developed distant metastases and/or
whose disease relapsed in the treated nodal basin. Although an approach known as
elective lymph node dissection was popularized as an early intervention for “at-risk”
clinically node-negative patients as part of the initial surgical management, since
approximately 20% of such patients harbored occult nodal disease, a consequence
was that 80% of patients without any evidence of nodal disease were exposed to the
risks of surgery with no potential for benefit [16].

Stemming from this controversy, the “revolutionary” technique of lymphatic
mapping and sentinel node biopsy (SLNB) was introduced in 1990 [7, 17, 18] and
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Table 15.2 AJCC anatomic stage groupings for cutaneous melanoma [12]

Clinical staging® Pathologic staging®

T N M T N M
0 Tis NO MO 0 Tis NO MO
1A Tla NO MO 1A Tla NO MO
1B T1b NO MO 1B Tlb NO MO
T2a NO MO T2a NO MO
1A T2b NO MO 1A T2b NO MO
T3a NO MO T3a NO MO
1B T3b NO MO 1B T3b NO MO
T4a NO MO T4a NO MO
1IC T4b NO MO 11C T4b NO MO
111 Any T N>NO MO 1ITA T1-4a Nla MO
T1-4a N2a MO
111B T1-4b Nla MO
T1-4b N2a MO
T1-4a Nl1b MO
T1-4a N2b MO
T1-4a N2c¢ MO
1IC T1-4b N1b MO
T1-4b N2b MO
T1-4b N2c MO
Any T N3 MO
v Any T Any N Mi v Any T Any N Mi

*Clinical staging includes microstaging of the primary melanoma and clinical/radiologic evaluation
for metastases. By convention, it should be used after complete excision of the primary melanoma
with clinical assessment for regional and distant metastases

"Pathologic staging includes microstaging of the primary melanoma and pathologic information
about the regional lymph nodes after partial (i.e., sentinel node biopsy) or complete lymphadenec-
tomy. Pathologic stage O or stage 1A patients are the exception; they do not require pathologic
evaluation of their lymph nodes

Reprinted with permission. ©2009 American Society of Clinical Oncology. All rights reserved

was soon adopted at MD Anderson as a surgical staging strategy to identify a subset
of patients with primary melanoma who actually harbor occult regional lymph node
metastasis and to potentially facilitate the management of regional nodal metastases
[7, 19]. More than 20 years later, it is evident that this technique has become a stan-
dard of care for patients with melanoma and has already had a remarkable and
durable impact on melanoma staging and prognosis [8, 20].

Clinical investigations since the 1970s have helped to refine treatment, including
evidence-based approaches to excision margins and the approach to the regional
nodal basin in patients with melanoma [20, 21]. Other techniques (including the use
of adjuvant radiotherapy for certain high-risk primary tumors and bulky nodal dis-
ease), refinements in surgical technique (such as lymphatic mapping and SLNB),
and the use of metastasectomy in patients with distant metastasis [22] have also
played a major role in improving treatment approaches.

Although a multitude of systemic approaches spanning conventional chemother-
apeutic, immunologic, and biologic arenas have been used over the past several
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decades in an attempt to treat patients with distant melanoma metastases, some of
which resulted in improved response rates compared with prior treatment regimens
(e.g., biochemotherapy) [23], few of these approaches have been associated with
clear-cut survival benefit or widespread adoption in the melanoma community.
Nonetheless, despite these significant challenges and the overall poor prognosis that
continue to be associated with distant metastatic disease, some patients have clearly
responded to such systemic approaches in a clinically meaningful way. In addition,
two very recent therapeutic developments have sent a wave of enthusiasm through-
out the global melanoma community. Very recent clinical trial data have provided
new hope for treatments that capitalize on molecularly defined targeted approaches
for patients with particular mutations (so-called personalized or targeted therapy)
[24]; results from targeted intervention of the immune system (e.g., anti-CTLA-4,
adoptive cell transfer) [25, 26] have been encouraging as well. Based on recently
published randomized clinical trials demonstrating a survival benefit, the FDA has
very recently approved two new therapies for metastatic melanoma—ipilimumab
(an anti-CTLA-4 monoclonal antibody) [26] and vemurafenib (a small molecular
inhibitor of V60OE mutant BRAF for patients with unresectable or distant metasta-
ses and whose tumor has the mutation) [24, 27].

The MD Anderson Cancer Center Experience

The MD Anderson data set used for this monograph was derived from 21,434
patients with melanoma of the skin (cutaneous melanoma) initially presenting at
MD Anderson between 1 March 1944, and 31 December 2004. It is important to
note, however, that only 2,516 (11.7%) met inclusion criteria for this analysis (i.e.,
no previous treatment before presenting at MD Anderson, including after excisional
diagnostic biopsy alone); when an additional 810 patients who did not have definitive
treatment at MD Anderson and/or had at least one other primary malignancy (except
superficial non-melanoma skin cancer) were excluded, only 1,692 (7.9%) of the
21,434 patients were included in the current data set.

Specifically, from a tumor registry standpoint, the structured approach to the
definition of an “analytic” case —which dictated inclusion or exclusion of a particu-
lar patient in this data set—was not melanoma-specific, yet had tremendous impact
on the population included in this analysis, not only with respect to the overall frac-
tion of total patients included (only 7.9% overall), but also to stage distribution. For
example, since the tumor registry specifically excluded from entry those patients
with melanoma who had undergone complete “excision” as a component of their
treatment (even if their “treatment” was subsequently performed at MD Anderson),
it is likely that nearly all patients with in situ melanoma and a significant minority
of patients with diminutive invasive melanoma (i.e., a substantial fraction of patients
with “local” disease) were excluded from this analysis. It also follows that since
patients with regional and/or distant disease would be less likely to have all diseases
removed during treatment after the initial diagnosis (and hence more likely to present
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Table 15.3 Initial presentation year by SEER stage
SEER stage at presentation™®

Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 24 (54.5) 7(15.9) 7(15.9) 6 (13.6) 44 (100.0)
1955-1964 88 (47.8) 39 (21.2) 26 (14.1) 31 (16.8) 184 (100.0)
1965-1974 120 (37.5) 58 (18.1) 63 (19.7) 79 (24.7) 320 (100.0)
1975-1984 273 (67.4) 67 (16.5) 54 (13.3) 11 (2.7) 405 (100.0)
1985-1994 224 (67.7) 62 (18.7) 41 (12.4) 4(1.2) 331 (100.0)
1995-2004 260 (63.7) 115 (28.2) 30 (7.4) 3(0.7) 408 (100.0)
Total 989 (58.5) 348 (20.6) 221(13.1) 134 (7.9) 1,692 (100.0)

SEER Surveillance, Epidemiology, and End Results program

“Because of registry-based methodologies used to define “analytic” cases included in the Tumor
Registry (and this table), only 7.9% of patients with cutaneous melanoma initially presenting to
MD Anderson through 2004 (1,692 of 21,434 patients) are included in this table. As such, data do
not accurately reflect clinical breadth of patients or accurately represent distribution of patients by
clinical SEER stage seen at MD Anderson

“Insufficient analytic Tumor Registry data to include in situ melanoma

to MD Anderson with some disease remaining) and before definitive treatment,
these patients were likely overrepresented in this data set. Although these observa-
tions very significantly limit the utility of some aspects of this data presentation
(and interpretation), selected observations are nonetheless noteworthy and represent
the framework for this monograph.

With these limitations noted, the number of patients presenting by time interval
and SEER stage is summarized in Table 15.3. As anticipated, the number of patients
with localized disease generally increased over time, whereas the fraction of patients
who presented with regional or distant disease decreased. The computed survival
curves (Figs. 15.1, 15.2, 15.3, and 15.4) represent clinical outcomes for the 1,706
analytic patients with melanoma described above who received definitive treatment
at MD Anderson and who were not excluded for reasons already noted. The usual
tumor registry methodology of describing disease extent under the headings of local,
regional, and distant has been used in the construction of survival curves by “stage.”
Since most histologic parameters and nearly all pathology-based stage groupings did
not enter the clinical melanoma arena until the 1970s and 1980s, no attempts were
made to stratify patients according to the AJCC melanoma staging system, itself a
leader in evidence-based prognostic factors assessment since the late 1970s [28].

Despite these significant limitations, it is noteworthy that the overall survival
curve (analytic patients only) documents significant incremental improvement in
5-year survival over the 60-year period (P<0.0001 for log-rank test for trend)
(Fig. 15.1). The overall survival curves for patients (Fig. 15.1) demonstrate
significantly improved 5-year and 10-year survival for patients treated during the
most recent time interval compared with the earliest strata (68% vs. 39% and 57%
vs. 25%, respectively). During the earlier decades of this analysis, stage assign-
ments were based primarily on clinical staging. Over time, however, both primary
tumor microstaging (based on histologic assessment of the primary tumor introduced
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Fig. 15.1 Overall survival rates for patients with cutaneous melanoma (1944-2004) (P <0.0001,
log-rank test for trend).
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Fig. 15.2 Overall survival rates for patients with local (SEER stage) cutaneous melanoma
(1944-2004) (P<0.0001, log-rank test for trend).

in the 1970s) and regional node pathological staging (i.e., elective lymph node
dissection for patients with clinically negative regional nodes predominantly in the
1970s and 1980s, and therapeutic lymph node dissection in the setting of clinically
involved regional nodes throughout this overall experience) began to define the
concept of pathological staging in melanoma. Moreover, over the past 20 years,
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Fig. 15.3 Overall survival rates for patients with regional (SEER stage) cutaneous melanoma
(1944-2004) (P<0.0001, log-rank test for trend). Because of the very small number of individuals
with regional cutaneous melanoma seen from 1944 to 1954, data from this period were excluded.
N.A. not applicable.

100 Initial
Presentation Year
N.A.1944-54
80 — 1955-64
— 1965-74
— 1975-84
—_ — 1985-94
& 60 — 1995-04
©
2
<
5 40
(O]
20

T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10

Years Since Presentation

Fig. 15.4 Overall survival rates for patients with distant (SEER stage) cutaneous melanoma
(1944-2004) (P=0.79, log-rank test for trend). Because of the very small number of individuals
with distant cutaneous melanoma seen from 1944 to 1954, data from this period were excluded.
N.A. not applicable.
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surgical staging of regional nodes has been based on lymphatic mapping and SLNB
for many patients with clinically negative nodes, further refining pathological
regional node staging for patients with early-stage melanoma. Additionally, stage-
appropriate evaluation by computed tomography, magnetic resonance imaging, and
other modalities became more common among recently treated patients with mela-
noma. As such, it is evident that assignment of stage across the spectrum of the
60-year course of data was anything but uniform, and although clearly made with
use of the best available information at the time of registration, has been subject to
tremendous evolution, with more accurate definitions of local, regional, and distant
disease emerging over time.

The survival curves for patients with localized tumors (Fig. 15.2) demonstrate
significantly improved 5-year and 10-year survival outcomes for patients treated
during the most recent time interval compared with the earliest strata (80% vs. 58%
and 67% vs. 38%, respectively). During these decades, surgical treatment of the
primary tumor —known as wide excision—evolved as a result of a cadre of clinical
trials conducted since the 1970s that assessed excision margins on the basis of his-
tologic parameters of the primary; these trials resulted in a relative “narrowing” of
excision margins that has favorably affected surgical morbidity rates while not neg-
atively impacting overall survival rates.

Relative improvements in survival among patients with localized disease may
also be associated with improved awareness of melanoma, resulting in at least some
patients diagnosed with “early” disease. Also likely relevant was the appreciation
that regional nodes are the first and most important site of metastasis; accordingly,
patients with clinical evidence of regional disease would be more likely to be
identified (and thus included as “regional”). Furthermore, adoption of surgical strat-
egies, including elective node dissection from a historical standpoint and more
recently lymphatic mapping and SLNB, has contributed to “early” identification of
microscopic regional node disease. These patients’ disease was therefore appropri-
ately coded as regional and excluded from the localized patient cohort. Because of
the incorporation of SLNB, a surgical staging method to evaluate regional nodal
basins at risk for microscopic regional node disease, into the melanoma manage-
ment algorithm in the early 1990s, it is likely that our enhanced ability to identify
small-volume regional microscopic disease will continue to contribute to a more
homogenous “local” group (by excluding node-positive patients) and associated
improved survival over time.

It is important to emphasize that due to the registry-based procedures in docu-
menting what constitutes an analytic case (and thus included in these survival
curves), many patients with very early stage primary melanoma were likely excluded
from this analysis. Accordingly, even though survival improved over time during
the past 60 years, absolute survival estimates for patients with localized disease
were likely underestimated. As an example of this phenomenon, after interrogation
of the MD Anderson Tumor Registry for patients diagnosed with melanoma between
1995 and 2004 whose only previous treatment before coming to MD Anderson was
surgery (including surgical excision for diagnosis and primary tumor microstaging
only) during the prior 3 months and whose biopsy and/or surgical treatment removed
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Fig. 15.5 Melanoma-specific survival of patients with stage I or II disease according to sentinel
lymph node status.

all melanoma upon pathologic review, 1,899 patients were identified. Most of these
patients had localized disease: 5-year and 10-year survival rates were 93% and
85.3%, respectively. This was significantly better than the associated 5-year and
10-year survival rates estimates for analytic patients with localized disease diag-
nosed during the same interval (80% and 67%, respectively) (Fig. 15.2); the mixed
cohort actually included many patients excluded from the analytic component of
this analysis who had early-stage low-risk primary melanoma.

Relatively dramatic improvement in survival is noted in patients with regional
disease over the 60 years of data recording (Fig. 15.3), ranging from few, if any,
long-term survivors in 1944-1954 to a 54% 5-year survival rate among patients
with regional disease during 1995-2004. It is noteworthy that over time, particu-
larly within the past 10-20 years, the way in which regional melanoma is diagnosed
has evolved. Specifically, more than 30 years ago, nearly all patients who were
diagnosed with regional disease at presentation had clinical disease at presentation,
due in large part to tremendous strides in surgical-based staging of the regional node
basins at risk in patients with primary melanomas; the overwhelming majority of
patients currently diagnosed with regional metastasis have microscopic disease
only, most commonly identified by lymphatic mapping and SLNB in those with
clinically negative nodes [13].

An example of the prognostic significance of SLNB from a well-characterized
clinical research database is shown in Fig. 15.5, in which patients with primary
melanoma treated at MD Anderson who had had clinically negative nodes and had
undergone SLNB between approximately 1991 and 2004 had remarkably differing
survival outcomes when stratified by the histologic status of the sentinel lymph
nodes (SLNs), the most likely nodes to contain disease if any are involved. Note in
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particular the favorable survival profile among the SLN-negative cohorts (Fig. 15.5,
upper curve) compared with historical “local” patients (Fig. 15.2) and a similar
observation among SLN-positive patients (Fig. 15.5, lower curve) compared with
historical “regional” patients (Fig. 15.3).

Numerous studies, including comprehensive analyses of patients with regional
disease conducted by the AJCC melanoma staging committee that included patients
from MD Anderson, revealed tremendous heterogeneity among all patients with
regional melanoma and the fact that patients with microscopic regional node disease
(diagnosed by SLNB, for example) had more favorable survival rates than did
patients with macroscopic (i.e., clinically or radiographically evident) regional dis-
ease [13]. In addition, overall better classification of patients with regional disease,
achieved by excluding patients with synchronous distant disease, particularly among
patients with clinically documented regional disease, has improved over the years
with the advent of computed tomography, magnetic resonance imaging, and more
recently, positron emission tomography/computed tomography — patients with doc-
umented yet asymptomatic distant metastasis would be classified as having distant,
not regional, disease.

It is not surprising that survival outcomes for patients with melanoma who have
distant disease have generally remained poor across the entire study spectrum
(Fig. 15.4), with no statistically significant differences observed. During the 60-year
period through 2004, although some patients undoubtedly responded to systemic
treatment—including conventional chemotherapy with cytotoxic agents such as
dacarbazine (DTIC), vinblastine, and cisplatin; chemotherapy combined with bio-
logic agents such as interleukin-2 and interferon alpha-2b (known as biochemo-
therapy); biologic agents such as high-dose interleukin-2; immunologic approaches
such as adoptive cell transfer; and surgical approaches for isolated or oligometa-
static distant disease—durable responses were nonetheless difficult to achieve,
which likely explains the failure to notably improve outcome in these patients with
advanced disease. Along these lines, no randomized trial has demonstrated a sur-
vival benefit using any of these approaches during this 60-year period. Although
these challenges are significant, very recent promising data have begun to shine
light on the future for patients with distant metastatic disease. As noted above, two
recent therapeutic approaches—ipilimumab and vemurafenib—received FDA
approval in 2011 [24, 26, 27].

Current Management Approach

Current management of melanoma is stage-specific. For patients with primary
cutaneous melanoma, treatment is based predominantly on primary tumor micro-
staging (i.e., tumor thickness, presence of ulceration, mitotic rate); comprehensive
multimodality extent of disease imaging is rarely indicated for the asymptomatic
patient with newly diagnosed melanoma due to the infrequent observation of syn-
chronous radiographically evident distant metastasis. The mainstay of treatment of
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the primary tumor site is wide excision with margins based on tumor thickness.
The approach to the regional nodal basin has been the subject of intense debate
over the past several decades, although the surgery-based approach to pathologic
staging of regional node basins (lymphatic mapping and SLNB) for patients with
tumor thickness considered intermediate (i.e., 1-4 mm), thick (>4 mm), or as
potentially high-risk thin invasive primary melanoma, identifies patient-specific
afferent lymphatics leading to regional nodes (SLNs) and has revolutionized our
ability to document early regional metastasis and to identify patients who may
benefit from additional nodal surgery and adjuvant systemic therapy. Radiotherapy
has also been identified as a way to enhance regional control among patients with
extensive clinical regional metastasis.

Although the overwhelming majority of patients with early-stage localized mela-
noma require no additional treatment after surgery, patients with regional metastasis
may be offered high-dose interferon alpha-2b, observation, or participation in a clini-
cal trial. For patients with distant metastasis, surgery (for isolated or oligometastatic
disease), systemic chemotherapy, biochemotherapy, biologic therapy (e.g., IL-2), or
immunologic approaches such as adoptive cell transfer, preferably in the context of
participation in a clinical trial, may be considered. Importantly, the treatment land-
scape for patients with metastatic melanoma has very recently changed with the
approval of both ipilimumab and vemurafenib (both in 2011); as our understanding of
mutations commonly found in melanoma has expanded, explosive interest in develop-
ing new anti-melanoma therapeutics by interrogating aberrantly active tumor-specific
pathways has yielded an exciting new therapeutic (i.e., vemurafenib) and more
broadly, has ushered in a new era of targeted therapy and personalized medicine.

Future improvements with melanoma survival outcomes are likely to be derived
from multiple strategies: earlier diagnosis of patients with primary melanoma (i.e.,
thinner primary melanomas), more effective adjuvant therapies for patients with
regional metastasis, and better multimodality approaches to distant metastasis.
Although much has been learned recently regarding the nature of aberrant signaling
pathways in melanoma resulting from various activating mutations (e.g., BRAF,
NRAS, and cKIT), a better understanding of these pathways as they relate to specific
cancer types will likely facilitate development of more targeted approaches to meta-
static disease (e.g., combinatorial approaches) and hopefully improve existing sys-
temic treatment results and options for our patients.
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Chapter 16
Liver Cancer

Evan S. Glazer and Steven A. Curley

Introduction

Primary malignancies of the liver typically include hepatocellular carcinoma (HCC)
and biliary carcinoma (cholangiocarcinoma, CC). Although there are other primary
cancers of the liver, such as hepatoblastoma, their rarity makes description and anal-
ysis of them difficult. An estimated 30,000 people in the USA developed liver can-
cer in 2008, and the incidence is increasing [1]. Nearly 20,000 people die of primary
liver cancer each year [1]. Despite improved treatments for HCC, the overall 5-year
survival rate in the USA for patients with this disease remains less than 10% [2].
Furthermore, in the USA, the most rapid increase in cancer-related deaths among
men has been seen in those with HCC [3]. The standard of care remains multimo-
dality therapy, but very few patients are candidates for curative resection or liver
transplantation [4]. Intra-arterial chemoembolization is one component of multidis-
ciplinary therapy, but it does not usually offer a cure. Even sorafenib, the most
recently approved systemic (oral) drug for treatment of HCC, increased median
survival length by less than 3 months compared with controls, to a total of
10.7 months [5].

The major risk factors for HCC include viral infections (hepatitis B and hepati-
tis C) and cirrhosis from any cause [6]. Other rare etiologies include inherited
disorders, such as hemochromatosis and Wilson’s disease. Of note, there is a grow-
ing, albeit poorly defined, association between nonalcoholic fatty liver disease,
metabolic syndrome, diabetes, and HCC [6]. Even if this association increases the
risk of HCC only slightly, the sheer number of people in the USA who are at risk
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for developing nonalcoholic steatosis or steatohepatitis may greatly increase the
number of patients with HCC.

Unfortunately, despite some evidence that hepatitis C virus may be associated
with CC, there are no definitive predisposing risk factors for CC [6], which makes
effective and efficient screening for CC nearly impossible. Patients often present
with nonspecific findings such as fever, weight loss, and a dull upper abdominal or
flank pain. Jaundice may be present, especially in advanced disease.

Screening of patients for HCC, typically cirrhotic patients, is highly recommended
[based on National Comprehensive Cancer Network (NCCN) 2009 guidelines; see
guidelines for the complete algorithm] [6]. Usually, patients have known risk factors
such as chronic hepatitis C virus infection. It has been demonstrated that screening
based on high-risk patients’ serum alpha-fetoprotein (AFP) and transabdominal
hepatic ultrasonography decreased HCC mortality by more than 37% [7]. Ideally,
screening begins early in the disease course to evaluate changes in AFP or new
findings on hepatic ultrasonography. Since both of these screening studies are rela-
tively inexpensive and nearly risk-free, the clinical benefit is potentially significant.

Prognosis is associated with tumor characteristics, patient characteristics, and
the treatment received. Tumor characteristics include stage/location, aggressive-
ness, vascular invasion, and growth rate. Larger, more aggressive, and faster-growing
tumors are all associated with worse outcomes. Patient characteristics include over-
all health and liver function, as measured by one of the clinically validated scoring
systems [i.e., Child-Pugh or Model End Stage Liver Disease (MELD) score] [6]. As
expected, healthier people with normal liver function tend to have better outcomes
with improved survival and decreased morbidity. The type of treatment that can be
offered is based on the stage of disease and liver function (resection, thermal abla-
tion, other local therapy, or systemic) and is directly related to survival. Tumors that
can be completely resected are associated with a greater chance of long-term sur-
vival, whereas ablative therapies typically do not result in cure rates as high.

The diagnosis of HCC is typically made in a cirrhotic patient who either is symp-
tomatic (dull/vague upper abdominal pain, anorexia/weight loss, or even occasion-
ally a palpable mass) or has undergone screening as described. The most important
imaging study is triphasic computed tomography (CT) to evaluate for the presence
of lesions with significant arterial enhancement followed by contrast washout on the
venous phase [6]. If a patient cannot undergo contrast CT, magnetic resonance imag-
ing (MRI) may be a reasonable alternative. CC, however, is often best visualized on
delayed phase CT or MRI, but there are no pathognomonic radiologic findings.

Historical Perspective

Most of the currently available surgical options/techniques or therapies for advanced
disease, such as sorafenib, were developed in recent years. Historically, regional
disease was nearly as fatal as distant metastatic disease. Although conformal radio-
therapy is now an option in selected cases, the use of nontargeted ionizing radiation
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often results in devastating hepatic complications without major oncologic benefit.
Likewise, modern techniques for hemostasis during liver resection have reduced the
major perioperative morbidity and mortality combined rate from historically greater
than 50% to currently less than 10% with experienced surgeons at high-volume
centers. Cytotoxic chemotherapeutics used in patients with HCC or CC are neither
targeted nor very effective, and as such, they do not typically offer significant
benefits as first-line agents.

The MD Anderson Cancer Center Experience

Survival rates improved for non-metastatic primary liver cancer based on Kaplan—
Meier analyses of the MD Anderson Cancer Center patient population over a 50-year
study period (Table 16.1; Fig. 16.1). Because of the very small number of liver can-
cer patients who presented to MD Anderson during the first decade of its existence,
this analysis focused on the period from 1955 to 2004. Improvements in surgical
techniques, critical care, and earlier diagnosis all contributed to the increased sur-
vival seen in the latter two decades.

By 2004, patients with liver cancer limited to the liver had a 5-year survival rate
of nearly 40%, whereas 50 years earlier, that rate was less than 20%. Moreover, the
rate of 10-year survival in patients who presented with local [Surveillance,
Epidemiology, and End Results (SEER) stage] disease nearly doubled over this
50-year study period (Table 16.1). In fact, some patients have even been cured of
their disease, as seen in the small but significant 10-year survival rate (P <0.0001)
(Fig. 16.2).

Just 20 years before the end of the study period, patients with regional spread
(regional lymph nodes) and those with distant spread of liver cancer had the same
survival rates of 0%. However, recent advancements in surgical technique and mod-
est improvements in chemotherapeutic and multidisciplinary treatment options
improved the 5-year and 10-year survival rates significantly (Fig. 16.3; P=0.008).

Table 16.1 Survival rate improvement for early-stage liver cancer based on Kaplan—Meier analyses
of the MD Anderson Cancer Center patient population over a 50-year period®

Percent survival by disease stage

Local Regional Distant

Decade 5 years 10 years 5 years 10 years 5 years 10 years
1944-1954 - - - - - -
1955-1964 18.2 18.2 0 0 0 0
1965-1974 16.1 12.9 0 0 4.2 4.2
1975-1984 15.6 10.4 0 0 0 0
1985-1994 27.8 19.5 8.3 4.1 6.1 4.9
1995-2004 38.6 25.9 10.1 3.4 2.4 2.4

“Because so few patients with hepatocellular carcinoma or cholangiocarcinoma presented to MD
Anderson from 1944 to 1954 with clear diagnostic information, this analysis focused on the period
from 1955 to 2004.
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Fig. 16.1 Overall survival rates for patients who presented with liver cancer from 1955 to 2004
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with liver
cancer who were seen from 1944 to 1954, data from this period were excluded. N.A. not
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Fig. 16.2 Survival rates for patients who presented with liver cancer confined to the
SEER stage) from 1955 to 2004 (P<0.0001, log-rank test for trend). Because of the
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number of individuals with liver cancer confined to the liver who were seen from 1944 to 1954,

data from this period were excluded. N.A. not applicable.
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Fig. 16.3 Survival rates for patients with liver cancer who presented with regional (lymph node)
disease (regional SEER stage) from 1955 to 2004 (P=0.008, log-rank test for trend). Because of
the very small number of individuals with regional (lymph node) disease who were seen from 1944
to 1954, from 1955 to 1964, and from 1965 to 1974, data from these periods were excluded. N.A.
not applicable.

In fact, a very small cohort of patients with advanced disease (2.4%) achieved
significant long-term survival during the last decade of the analysis, as seen in the
similar rates of 5-year and 10-year survivors (Figs. 16.2 and 16.3).

Although significant improvements have been made in the survival rates of
patients with liver cancer limited to the liver and lymph nodes (regional), the same
cannot be said about those with distant spread (stage 4 disease) at the time of pre-
sentation (Fig. 16.4). There is no clinical or statistical difference in 5-year or 10-year
survival rates in patients with metastatic liver cancer. However, short-term (less
than 3 years) survival has significantly increased over the past 50 years (P <0.0001).
The clinical and personal (patient) significance of this added survival time to patients
should not be ignored.

Current Management Approach
Screening

The most important step in the management of HCC is active screening to detect
early-stage disease. Fortunately, development of the two major etiologies of HCC —
cirrhosis and inherited disorders—can often be predicted well before the develop-
ment of HCC. Specifically, we recommend that all high-risk cirrhotic patients (and



172 E.S. Glazer and S.A. Curley

100 Initial
Presentation Year
N.A. 1944-54
80 — 1955-64
— 1965-74
— 1975-84
= — 1985-94
& 60+ — 1995-04
©
2
I
‘3 40
20 —
—
0 T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10
Years Since Presentation

Fig. 16.4 Survival rates for patients with metastatic liver cancer (distant SEER stage) from 1955
to 2004 (P<0.0001, log-rank test for trend). Because of the very small number of individuals with
metastatic liver cancer who were seen from 1944 to 1954, data from this period were excluded.
N.A. not applicable.

patients with known inherited disorders involving liver metabolism) undergo screening
every 6 months with transabdominal ultrasound and testing for serum AFP levels.
In addition, contrast-enhanced ultrasonography should be used if available.
Unfortunately, since there are no confirmed predisposing risk factors for CC, the
precise population to screen remains unknown.

Diagnosis

As mentioned, the imaging modality of choice to suggest a diagnosis of HCC (and
CC) is noninvasive, triphasic CT imaging. However, if the classic CT pattern is not
seen, other imaging modalities may be used. Because of its high resolution, MRI is
an excellent confirmatory tool. Ultrasound, if not already performed, is an option if
it can be performed with intravenous microbubble contrast enhancement.

If noninvasive imaging does not confirm HCC, another option is diagnostic
biopsy, typically performed as percutaneous fine-needle biopsy. Finally, surgical
biopsy, preferably performed laparoscopically, is an option of last resort to confirm
the histological diagnosis. Often, a nondiagnostic fine-needle or core biopsy is
repeated before a surgical procedure is performed.

Serum biomarkers also play an important diagnostic role in HCC, but less so in
CC [6, 7]. AFP, already mentioned as a screening tool, is used more importantly as a
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diagnostic tool. Any significant increase in serum AFP level should be considered
evidence of HCC unless proven otherwise in high-risk patients undergoing screening.
Furthermore, any serum AFP level above 200 ng/mL needs to be addressed as prob-
able HCC, especially in conjunction with any finding on liver imaging studies.

Surgical Resection

Although complete tumor resection or liver transplantation is the optimal curative
treatment option currently available, only a small subset of patients with primary
liver cancer are candidates for these surgical approaches. Current treatment plan-
ning focuses on determining whether a given patient can have the entire lesion(s)
safely removed. Although this is a very complex decision, the subsequent treatment
is rather straightforward: some combination of resection, ablation, regional treat-
ment, or systemic therapy. If a lesion can be resected, it should be. If a lesion cannot
be resected but can be ablated, the patient should be informed of the risk of recur-
rence and offered aggressive ablation. If neither resection nor ablation is feasible,
the patient may choose to undergo regional or systemic therapy based on the stage
of disease and severity of concomitant chronic liver disease. Radiotherapy benefits
some patients in a few very specific circumstances [8].

When considering resection, the function of the liver needs to be addressed in the
context of the planned resection. Moderately cirrhotic patients should have at least
40% of their liver remaining after resection; very mildly cirrhotic patients should
have 30% remaining; and noncirrhotic patients should have at least 20% [9]. Severely
cirrhotic patients typically do not tolerate major operations such as hepatic resection
[10]. Finally, before performing any procedure, the patient’s health should be maxi-
mized from a cardiac, pulmonary, and renal perspective whenever possible.

Radiotherapy

Controlled, specific, and localized ionizing radiotherapy can be used to treat unre-
sectable HCC in patients who are not candidates for transplantation or other appro-
priate locoregional therapies [6, 8]. Both electron beam and proton conformal
external beam are reasonable options for some patients, albeit for a highly selected
population. Radiotherapy is not recommended for treatment of distant metastatic
disease except for palliation for bone metastases. Use of radiation is recommended
as part of conformal external beam therapy to prevent injury to surrounding nonma-
lignant liver tissue [8]. Although the exact benefit is unknown, conformal radio-
therapy is associated with improved outcomes [8]. Furthermore, conformal external
beam proton radiotherapy is becoming more effective, with 5-year survival rates of
25-50% in unresectable patients [8]. Late-phase clinical trials may soon demon-
strate reasonable effectiveness of this therapy in selected patients if results from
early-phase trials are confirmed.
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Unresectable Disease

Other local therapeutic options for unresectable HCC include radiofrequency or
microwave thermal ablation and transarterial chemoembolization (TACE) [6]. These
procedures may occasionally offer a chance for cure, but randomized studies to assess
long-term survival have not yet been completed. Adverse events from these proce-
dures, compared with those from resection, are infrequent, but the event rate varies
significantly from study to study. The best use of TACE or ablative therapies seems
to be as an adjunct for smaller HCC tumors in patients awaiting transplantation or to
prolong survival and control symptoms in patients with large or multifocal tumors.

Systemic therapy is given to most patients with HCC since advanced disease is
often diagnosed. Most chemotherapies are ineffective. Currently, the standard of
care, based on multiple randomized placebo-controlled trials, is for patients to
receive sorafenib [6]. It is generally recommended that patients receiving any treat-
ment other than sorafenib be treated in the context of a clinical trial. The authors,
however, feel strongly that nearly all eligible patients should be offered a clinical
trial because the small 3-month survival benefit from sorafenib is not clinically
sufficient to truly describe this drug as the “gold standard” for HCC treatment.

There is even less of a role for chemotherapy in patients with CC who are unable
to undergo resection or who have recurrence of disease. This is because of the mini-
mal benefit of chemotherapy in these patients, established with randomized con-
trolled trials. However, cisplatin- and gemcitabine-based treatment protocols are
beginning to show promising results. The authors, again, highly recommend that
patients be referred to clinical trials for the best chance of treatment with an active
systemic agent when resection is not possible or has failed.

Future Options

The outlook for patients with cancers of the liver is not entirely bleak. The recent
approval of sorafenib has opened the door to other small-molecule inhibitors that
may improve survival. In addition, other systemic treatments for unresectable HCC
are in early-phase clinical trials. Over our 50-year analysis period, incremental
improvements have taken place, and we look forward to further improvements over
the next 50 years.
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Chapter 17
Esophageal Cancer

Linus Ho, Wayne Hofstetter, Ritsuko Komaki, and Steven Hsesheng Lin

Introduction

According to American Cancer Society statistics, 16,470 new cases and 14,530
deaths due to esophageal cancer were expected in 2009. Current estimates of 5-year
overall survival in a SEER cohort were approximately 37% for localized disease and
only 17% for all stages combined [1]. These statistics reflect a number of contribut-
ing factors. First, patients typically present with a history of progressive dysphagia
and weight loss often spanning weeks to months, and with such symptoms of locally
advanced disease, it is not surprising that most patients present with stage III or IV
disease [historically at MD Anderson Cancer Center, fewer than 1% of patients pre-
sented with in situ disease, and only one in five presented with local disease
(Table 17.1)]. Second, the esophagus lacks a limiting serosal layer that would other-
wise tend to restrict the local extension of tumor. Third, the esophagus possesses a
rich network of lymphatics spanning its entire length, thereby facilitating longitudi-
nal spread anywhere between the neck and the abdomen. As a result, regional lymph
node involvement is found in more than 75% of patients at the time of presentation.
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Table 17.1 Initial presentation by stage of patients with esophageal cancer at MD Anderson,
1944-2004

SEER stage at presentation

In situ Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 0 (0) 8(18.2) 24 (54.5) 8(18.2) 4.1 44 (100.0)
1955-1964 0 (0) 38 (18.4) 98 (47.6) 64 (31.1) 6(2.9) 206 (100.0)
1965-1974 0 (0) 51 (28.0) 73 (40.1) 55 (30.2) 3(1.6) 182 (100.0)
1975-1984 0 (0) 86 (31.3) 107 (38.9) 77 (28.0) 5(1.8) 275 (100.0)

1985-1994  3(0.5) 121 (21.7)  221(39.6) 172(30.8) 41 (7.3) 558 (100.0)
1995-2004  5(0.5) 184(19.6) 401 (42.6) 318(33.8) 33(3.5) 941 (100.0)
Total 8(0.4) 488(22.1) 924 (41.9) 694 (31.5) 92(4.2) 2,206 (100.0)
SEER Surveillance, Epidemiology, and End Results program

Finally, esophageal cancer is associated with a high incidence of both early invasion
to adjacent structures (e.g., cardia of the stomach, pericardium, pleura, trachea, and
aorta) and distant metastasis (most commonly to the lungs, liver, and bone).

Epidemiology

Worldwide, 95% of esophageal cancers are of squamous cell origin. In the USA,
squamous cell carcinomas and adenocarcinomas represent the majority (>95%) of
esophageal malignancies, with neuroendocrine carcinomas, melanomas, lympho-
mas, and sarcomas making up the remainder. The epidemiology of esophageal cancer
in the USA, however, has changed radically over the past few decades. Before 1970,
squamous cell carcinomas accounted for >90% of all U.S. esophageal malignancies.
Since that time, however, adenocarcinomas have gradually overtaken squamous cell
carcinomas as the predominant histology in the USA and the rest of the Western
world. The reasons for this are not entirely clear, but there is an association with
gastroesophageal reflux disease (GERD) due to obesity and Barrett’s esophagus [2].

This shift in histology is important because each histologic type is associated
with a distinct epidemiologic profile. Squamous cell carcinomas arise from the nor-
mal non-keratinizing squamous mucosa lining the esophagus and tend to arise more
proximally along the esophagus (70% arise in the proximal and middle thirds of the
esophagus). They are strongly associated with alcohol and tobacco use; in fact, an
estimated 90% of squamous cell carcinomas of the esophagus can be attributed to
alcohol and/or tobacco exposure. Furthermore, combined alcohol and tobacco use
leads to a multiplicative increase in the risk of developing esophageal cancer. Other
risk factors for squamous cell carcinomas of the esophagus include prior radio-
therapy, caustic injury (e.g., lye ingestion), tylosis, Plummer—Vinson syndrome,
esophageal diverticula, achalasia, and human papillomavirus infection. Compared
with other demographic groups, African American males are more likely to develop
squamous cell carcinomas and demonstrate worse survival rates.
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Adenocarcinomas, on the other hand, are most strongly associated with GERD
and often arise in the context of Barrett’s esophagus; consequently, most adenocar-
cinomas (75%) arise in the distal third of the esophagus. Obesity is another major
risk factor for esophageal adenocarcinomas, probably in large part due to the associ-
ated risk for GERD in obese people. However, alcohol and tobacco use is associated
with much less risk for adenocarcinomas than it is for squamous cell carcinomas.
Curiously, there is an inverse correlation between Helicobacter pylori infection and
esophageal adenocarcinomas, possibly because of the decreased acid production
associated with chronic atrophic gastritis. White middle-aged males, often obese, are
the predominant demographic group with adenocarcinomas, although the rate of
increase in white females has been almost as great.

Approximately 90% of patients with esophageal cancer present with symptoms
of progressive dysphagia, often lasting for several weeks to months before diagno-
sis. By the time of initial endoscopic examination, the esophageal lumen is typically
narrowed by more than 50%. Clearly, patients presenting with new dysphagia
should undergo esophagogastroduodenoscopy, and biopsies should be performed if
any abnormalities are encountered.

Historical Perspective
Staging

Before 1985, preoperative staging was relatively crude and typically involved a
chest X-ray and a barium swallow; thus, the number of understaged cases during
this period can only be imagined. However, with the subsequent introduction of and
improvements in computed tomography, endoscopic ultrasonography, positron
emission tomography, and new surgical techniques, clinical staging has become
much more precise. For example, endoscopic ultrasonography has improved our
understanding of tumor depth and has allowed for regional nodal sampling. Positron
emission tomography has increased the sensitivity for detecting distant metastases,
thereby mandating concomitant evolution of the TNM staging system, as evidenced
by the most recent (seventh) edition of the AJCC Cancer Staging Manual published
in 2009. For example, the first edition simplistically defined only three stages, using
only tumor size and the presence or absence of extraesophageal spread and/or dis-
tant metastases as criteria. This stands in sharp contrast with the seventh edition
system, which improved upon the sixth edition by, among other things, subdividing
T4 disease into resectable (T4a) and unresectable (T4b) categories (based on
improved surgical techniques that now allow resection of previously “unresectable”
disease such as pleural involvement), redefining the N classification in terms of the
number of involved lymph nodes (N1: 1-2 involved nodes, N2: 3—6 involved nodes,
and T3: 27 nodes), and simplifying the M classification by eliminating the some-
what ambiguous term “non-regional lymph node.” In fact, this latest revised TNM
staging system has been shown to demonstrate improved performance characteris-
tics compared with the previous version [3].
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Fig. 17.1 Overall survival rates for patients with esophageal cancer (1944-2004) (P<0.0001,
log-rank test for trend).

A major caveat in the interpretation of stage-related data from the National
Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) database is
its simplified staging system, which includes only three stages: localized (disease
restricted to the organ of origin), regional (disease that has extended regionally
beyond the organ of origin), and distant (disseminated disease) (overall survival
rates as well as survival rates for the individual SEER stages of esophageal cancer
are shown in Figs. 17.1, 17.2, 17.3, and 17.4). The distinction between regional and
distant disease, in particular, is often subjective, making the accuracy and reproduc-
ibility of older SEER staging less than optimal. Comparing this staging system with
the AJCC staging system (sixth edition; Table 17.2), one can see that localized dis-
ease (per SEER) corresponds to AJCC stages I and IIA, distant disease corresponds
to stage IV, and regional disease includes everything else (stages IIB and III). The
lack of granularity in the SEER system results in oversimplification and is not use-
ful in terms of quoting prognosis or determining treatment for individual patients.

Treatment

As with most solid tumors, surgery has been the mainstay of curative therapy for
patients who are medically operable and have localized esophageal cancer. Surgery
typically involves resection of the affected portion of the esophagus along with
adequate adjoining tissue both above and below the tumor to obtain negative mar-
gins and provide for an acceptable functional result. Therefore, this involves removal
of a large part of the esophagus (the extensive submucosal lymphatic network is one
reason for this) with appropriate reconstruction to establish alimentary continuity.
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Fig. 17.2 Survival rates for patients with local (SEER stage) esophageal cancer (1944-2004)
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with local
esophageal cancer seen from 1944 to 1954, data from this period were excluded. N.A. not
applicable.
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Fig. 17.3 Survival rates for patients with regional (SEER stage) esophageal cancer (1944-2004)
(P<0.0001, log-rank test for trend).
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Fig. 17.4 Survival rates for patients with distant (SEER stage) esophageal cancer (1944-2004)
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with distant
esophageal cancer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.

Table 17.2 Esophageal cancer prognosis by stage after surgery

Stage (AJCC, sixth edition) 5-year overall survival
0 (Tis NO M0) >95%

1 (T2 NO MO) 50-80%

ITIA (T2-3 NO MO) 30-40%

IIB (T1-2 N1 MO) 10-30%

III (T3 N1 or T4, any N, M0) 10-15%

IVA (Any T, any N, M1a) <5%

IVB (Any T, any N, M1b) <1%

In most cases, this involves transposition of the stomach into the chest, but in cases
in which a long segment of the esophagus and stomach must be removed, a portion
of jejunum or colon may be interposed to serve as a permanent replacement.
Historically, perioperative mortality was a major concern, but this rate has
decreased from as high as 30% in the 1970s [4] to between 2% at high-volume cen-
ters such as MD Anderson Cancer Center and 21% at lower-volume centers.
Numerous studies have concluded that both hospital volume and surgeon experi-
ence affect perioperative morbidity and mortality. Not surprisingly, two of the most
complicated oncologic operations, namely esophagectomy for esophageal cancer
and pancreaticoduodenectomy (Whipple resection) for cancer of the pancreatic
head, are instances for which this difference in hospital volume and surgeon experi-
ence is most dramatic [5]. The reduction in perioperative complications is due to
multiple factors such as improved perioperative care, including better nutritional
management and improvement in the delivery of preoperative treatment such
as chemotherapy and radiotherapy. Advances in the planning and delivery of radio-
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therapy, including three-dimensional conformal radiotherapy and intensity-modulated
radiotherapy, have contributed to the reduction in toxicity to surrounding normal
tissues such as lungs and heart. Also prevention of neutropenic fever or septic death
due to preoperative chemotherapy has contributed substantially to improving peri-
operative complications.

Surgical techniques have evolved considerably over time. In the 1970s, definitive
resection was often performed as a two-stage procedure in which esophagectomy
and esophageal bypass were performed sequentially in separate operations. More
recently, they have been consolidated into a single procedure, approached through
either the abdomen and chest or the abdomen and neck.

One of the significant factors in the decrease in surgical mortality has been improved
management of leaks that can occur after resection and reconstruction, a potential
complication of this surgery. During the 1970s, this complication was considered uni-
versally fatal. At our institution, the mortality rate at that time was 43% for patients
who developed this complication; today, it is less than 4%. Improved perioperative
care, including better nutritional management, has been a contributing factor in reduc-
ing overall mortality from this operation [6]. Perioperative mortality at our institution
is currently 0-3.4%, depending on the stage of disease and type of treatment.

Although surgery is considered the gold standard for definitive treatment of
esophageal cancer, the prognosis after surgery alone remains poor (see Table 17.3).
Given the high rates of both local-regional (31%) and distant (50%) recurrence with
surgery alone [7] and even worse results with either chemotherapy or radiotherapy
alone as definitive treatment, multimodality therapy has become the standard of
care in the USA, despite relatively sparse and conflicting phase 3 data. The concur-
rent use of chemotherapy and radiotherapy has been shown to be superior to radio-
therapy alone [8], and combined chemoradiotherapy has therefore been the standard
preoperative treatment since 1997.

The advent of three-dimensional conformal radiotherapy, intensity-modulated
radiotherapy, and proton beam therapy has enabled safer delivery of higher doses of
radiation by better targeting the radiation dose to the tumor while sparing surround-
ing normal tissues. Before these advances, undesirably high doses of radiation were
delivered to adjacent structures —notably the heart, lung, and spine— with concomi-
tant toxicity but inadequate therapeutic doses to the tumor. Also, a four-dimensional
radiotherapy plan accounting for respiratory and diaphragmatic motion has enabled
more accurate delivery of radiation to the targeted tumor while sparing the sur-
rounding normal tissue from unnecessary high doses of radiation, which is critical
when the patient undergoes chemoradiotherapy.

The MD Anderson Cancer Center Experience

The data set used for this discussion was derived from a total of 5,046 patients who
presented to MD Anderson Cancer Center with esophageal cancer between 1944 and
2004. Patients with other primary cancers and those who had been treated elsewhere
were excluded, resulting in 2,206 patients who received definitive treatment at this
institution. Survival was calculated from the time of initial presentation.
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Table 17.3 Kaplan—Meier overall survival®

Percent survival

Year 5 years 10 years
1944-1954 23 23
1955-1964 7.0 35
1965-1974 33 0.7
1975-1984 13.1 6.8
1985-1994 13.1 9.4
1995-2004 27.2 20.4

“Before 1997, patients with locally advanced esophageal
cancers were treated with surgery alone

Presentation

Throughout the observed 60-year period, most patients presented to our institution
with locally advanced or metastatic disease, which is consistent with patterns of
presentation elsewhere (Table 17.1). However, a radical shift in histology occurred
during this time period, reflecting trends seen throughout the USA. Before 1985,
more than 70% of patients presented with squamous cell carcinomas, but between
1985 and 1994, that trend reversed, with 68% of patients presenting with adeno-
carcinoma, and between 1997 and 2001, with 83% of patients presenting with
adenocarcinoma. However, using univariate and multivariate analyses, Hofstetter
et al. concluded that that no significant survival differences have resulted from this
shift in histology [7].

Survival

The overall survival data provided in Fig. 17.1 and Table 17.3 suggest overall
improvement in 5-year survival rates, from 2% to 27% over the indicated 60-year
time frame, with the most significant increase seen within the most recent decade.
Some anomalous results are seen such as those associated with the decade 1955—
1964. This temporary shift may be due to a statistical shift rather than a real trend,
given the relatively low numbers of patients seen during the first few decades.

The improved survival seen in recent decades is likely due to several factors.
First, staging in the earlier era was suboptimal and likely would have resulted in
understaging, making survival statistics overly pessimistic. Second, better support-
ive care has resulted in improved outcomes independent of disease-specific treat-
ment. Such supportive care includes the development of expandable metal stents
and other endoscopic techniques to palliate dysphagia as well as the development of
readily available feeding tubes and intravenous nutritional support (used during
definitive treatment as well as for supportive care). However, a third possible reason
for improved outcome in esophageal cancer has been improvement in the various
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cancer treatment modalities. Advances in surgical and irradiation techniques were
mentioned previously, and many new systemic agents have been introduced over the
past 10-20 years, including well-tolerated conventional cytotoxic drugs and new
molecularly targeted agents. Furthermore, trials of adjuvant therapy (postsurgical
medical and/or irradiation treatment) of any type were not commonly reported until
the 1980s, with more general acceptance of adjuvant therapy not coming until the
1990s. In this context, one can begin to explain the dramatic improvement in sur-
vival in patients with potentially resectable disease (local and regional SEER stages)
treated at our institution with multimodality therapy over the past two decades.

Although the overall survival trends are reflected across the board in the SEER
stage subgroups, clearly much less progress has been made in patients with meta-
static disease. For this subgroup of patients, chemotherapy forms the mainstay of
treatment, emphasizing the urgent need for better systemic therapies with acceptable
toxicity profiles. Of the drugs currently used to treat esophageal cancer, only
5-fluorouracil and cisplatin were available 20 years ago. Since then, new agents
have been introduced, including new fluoropyrimidines (e.g., capecitabine and S-1)
and platinum compounds (e.g., carboplatin and oxaliplatin) with improved efficacy
and/or toxicity profiles and entirely new classes of compounds (camptothecins such
as irinotecan, taxanes such as docetaxel and paclitaxel, and monoclonal antibodies
such as bevacizumab and cetuximab). We are incorporating many of these new
agents into common clinical practice ahead of generic guidelines.

Current Management Approach

Our current standard of care for patients with stage II/III esophageal cancer treated
at our institution involves neoadjuvant chemoradiotherapy followed by surgery, and
we believe that the best results are achieved with this approach. We have analyzed
our data from sequential phase 2/3 prospective studies conducted at our institution,
during which patients were treated with various preoperative therapies involving
either chemotherapy alone or chemoradiotherapy [9]. Patients treated with preop-
erative chemoradiotherapy have had better pathologic complete response rates
(28% vs 4%; P<0.001) and overall survival rates (3-year: 48% vs 29%; P=0.04)
than have those treated with preoperative chemotherapy alone. Preoperative chemo-
radiotherapy was also a significant independent predictor of improved overall sur-
vival and disease-free survival in multivariate regression analyses. For patients who
are medically or technically inoperable, chemoradiotherapy has been used as
definitive therapy. However, recurrence rates remain unacceptably high.

There is a critical need for newer approaches to combat this disease. Future
improvements in the treatment of esophageal cancer will depend on continued
research in the following areas:

* A better understanding of the molecular and genetic profile of esophageal cancer
and the correlation of such profiles with clinical response. In turn, these findings
should lead to a better understanding of the subtypes of esophageal cancers and
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the determinants of response to therapy, thereby allowing individualization of
cancer therapy. For example, current studies indicate the possibility that chemo-
radiotherapy alone may produce a complete response in at least one molecular
subset of esophageal cancer; identification of patients who would respond to this
therapy would spare them a potentially morbid procedure and no loss of efficacy.
Development of more sensitive staging techniques to identify sites of low-
volume disease.

Development of new endoscopic and interventional techniques to address early-
stage disease in a definitive manner and to better palliate later stages of disease.
Continued innovation in surgical techniques, including the use of robotics and
minimally invasive approaches to reduce perioperative risk and recovery time.
Continued refinements in irradiation planning with four-dimensional simulation
and delivery by intensity-modulated radiotherapy or proton beam therapy, to
minimize the delivery of undesirably high doses of radiation to adjacent normal
tissue or organs such as the spinal cord, heart, and lungs. Such refinements are
essential to reduce perioperative mortality. Careful conformal planning with use
of dose—volume histograms has reduced the number of treatment-related postop-
erative lung complications [10].

Identification of novel drugs and drug combinations to improve efficacy and/or
treatment-related toxicity. Many of these new agents will be predicated on the
improved molecular characterization of esophageal cancers, but even combining
currently available drugs in new schedules can improve patient tolerance
and hence quality of life without decreasing efficacy. Hence, instead of DCF and
ECF (and its variants), a biweekly combination of docetaxel, oxaliplatin,
and infusional 5-fluorouracil developed here in the phase 1/2 setting may hold
promise as a non-inferior regimen with a superior adverse effect profile.
Development of new treatment paradigms. For virtually all gastrointestinal
malignancies, we have embraced neoadjuvant therapy as a preferable approach
to adjuvant therapy, even in diseases in which such an approach is not necessarily
the standard of care in the USA (e.g., in patients with adenocarcinomas of the
stomach and pancreas). Similarly, in patients with potentially resectable esopha-
geal cancer, we are exploring the role of induction chemotherapy as an adjunct
to standard chemoradiotherapy in a randomized phase 2 trial of neoadjuvant
chemoradiotherapy preceded or not by induction chemotherapy.
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Chapter 18
Gastric Cancer

Alexandria T. Phan and Paul F. Mansfield

Introduction

Gastric (stomach) cancer, the most frequently occurring cancer and second-leading
cause of cancer-related deaths, accounts for 24.2% of cancer deaths worldwide
[1-3]. Adenocarcinoma accounts for the vast majority of gastric cancer cases, with
the remaining minority consisting of lymphoma, sarcoma, carcinoid tumor, and
squamous cell carcinoma; the treatment information in this chapter focuses only on
adenocarcinoma, whereas the survival curves include patients with all histologies.

Since the mid-1990s, the most common location of carcinomas in the upper
gastrointestinal tract (stomach, gastroesophageal junction, and esophagus) has
shifted, resulting in a substantial decline in distal gastric cancers and an increase in
proximal gastric/gastroesophageal junction cancers. Distal gastric cancers have
become relatively uncommon in North America and in most Northern and Western
European countries [4]. In the USA, an estimated 21,000 new cases of gastric
cancer were diagnosed and about 10,570 patients died of this disease in 2010 [5].
The causes of the epidemiologic shift from distal to proximal in gastric cancer
rates are not completely understood, but environmental factors, chiefly dietary and
obesity, are suspected.

Factors associated with higher incidence of gastric cancer include consumption
of smoked or salted foods or foods contaminated with aflatoxin, low intake of fruits
and vegetables, low socioeconomic status, and possibly a decreased use of refrig-
eration [6, 7]. Obesity appears to be associated with more proximal cancers within
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Table 18.1 Surveillance, Epidemiology, and End Results (SEER) staging

Stage Description

Local Cancer is still confined to the primary site

Regional Cancer has spread to regional lymph nodes and/or directly beyond
the primary site

Distant Cancer has spread beyond the primary site into other organs

the stomach. Precursor pathologic conditions include pernicious anemia, achlorhy-
dria atrophic gastritis, gastric ulcers, and adenomatous polyps. Several studies have
demonstrated that individuals with Helicobacter pylori infection have a three- to
six-fold higher risk of gastric cancer than do those without this infection, but the
precise role of this bacterium in the etiology of gastric cancer remains unknown
[8-10]. However, the increased association of H. pylori with gastric cancer seems to
be mainly with distal gastric cancers and intestinal-type malignancy. A minority of
H. pylori-infected individuals develop gastric cancer; however, data do not yet exist
on the effect of treatment of H. pylori infection on subsequent malignancy.

Germline mutations in the CDHI gene, which encodes the E-cadherin protein,
have recently been recognized in families with hereditary diffuse gastric adeno-
carcinoma. Carriers of these mutations have a 70% lifetime risk of developing
gastric cancer (which is higher in females than in males). Once these cancers
become invasive, survival is rare, thus leading to the use of prophylactic removal
of the stomach. Several reports of prophylactic gastrectomy [11-13] have demon-
strated the routine presence of microscopic intraepithelial carcinomas in patients
having normal endoscopic surveillance that included multiple random biopsies
and chromoendoscopy. Early total gastrectomy has been recommended for this
small patient population because of the lack of effective early tumor detection by
less aggressive techniques.

Presenting symptoms such as pain, dysphagia, early satiety, bleeding, anemia,
and weight loss may be more specific to gastric cancers, but they often signify
more advanced disease. Diagnosis is made by tissue biopsy, and staging is per-
formed with esophagogastroduodenoscopy along with endoscopic ultrasound and
computed tomography (CT). Laparoscopic staging is also done in patients with
tumors that invade beyond the mucosa and without radiologic evidence of distant
or metastasis. Surveillance, Epidemiology, and End Results (SEER) staging is a
classification system used to describe the extent of disease based on the most con-
clusive information available (Table 18.1). However, the American Joint Committee
on Cancer (AJCC) TNM surgical staging system has been used more commonly in
recent times (Table 18.2) [14]. Gastric cancers are treated according to their stage
at diagnosis. The fact that the gastric staging system is based on surgical pathology
further demonstrates that surgery still plays a significant role in the management of
this disease.
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Table 18.2 American Joint Committee on Cancer TNM system (V7) for surgical staging of

gastric cancer

191

Stage T N M
0 Tis NO MO
1A T1 NO MO
IB T2 NO MO
T1 N1 MO
ITA T3 NO MO
T2 N1 MO
T1 N2 MO
1IB T4a NO MO
T3 N1 MO
T2 N2 MO
T1 N3 MO
1A T4a N1 MO
T3 N2 MO
T2 N3 MO
1B T4b NO MO
T4b NI MO
T4a N2 MO
T3 N3 MO
Imc T4b N2 MO
T4b N3 MO
T4a N3 MO
v Any T Any N Ml

Definitions of TNM
Primary tumor (T)
TX

TO

Tis

T1
Tla

T1b
T2
T3

T4

T4a

T4b

Regional lymph nodes (N)
NX

NO

N1

Primary tumor cannot be assessed

No evidence of primary tumor

Carcinoma in situ: intraepithelial tumor without
invasion of the lamina propria

Tumor invades lamina propria, muscularis
mucosae, or submucosa

Tumor invades lamina propria or muscularis
mucosae

Tumor invades submucosa

Tumor invades muscularis propria*

Tumor penetrates subserosal connective tissue
without invasion of visceral peritoneum or
adjacent structures®®

Tumor invades serosa (visceral peritoneum) or
adjacent structures®®

Tumor invades serosa (visceral peritoneum)

Tumor invades adjacent structures

Regional lymph node(s) cannot be assessed
No regional lymph node metastasis?
Metastasis in one to two regional lymph nodes

(continued)
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Table 18.2 (continued)

Stage T N M

N2 Metastasis in three to six regional lymph nodes
N3 Metastasis in seven or more regional lymph nodes
N3b Metastasis in 7-15 regional lymph nodes

N3b Metastasis in 16 or more regional lymph nodes
Distant metastasis (M)

MO No distant metastasis

M1 Distant metastasis

“A tumor may penetrate the muscularis propria with extension into the gastrocolic or gastrophe-
patic ligaments, or into the greater or lesser omentum, without perforation of the visceral perito-
neum covering these structures. In this case, the tumor is classified as T3. If there is perforation of
the visceral peritoneum covering the gastric ligaments or the omentum, the tumor should be
classified as T4.

"The adjacent structures of the stomach include the spleen, transverse colon, liver, diaphragm,
pancreas, abdominal wall, adrenal gland, kidney, small intestine, and retroperitoneum.
‘Intramural extension to the duodenum or esophagus is classified by the depth of the greatest inva-
sion in any of these sites, including the stomach.

A designation of pNO should be used if all examined lymph nodes are negative, regardless of the
total number removed and examined.

Historical Perspective

According to the SEER17 (2000-2006) database, only 24% of newly diagnosed
gastric cancers are confined to the stomach (localized); in 31% of cases, the disease
has already spread beyond the stomach into the regional lymph nodes (regional) and
in 32% of cases into other organs (distant) [15]. Median survival duration in
advanced gastric cancer is less than 9 months. The 5-year survival rates for gastric
cancer according to stage reflect the fact that durable survival is most likely with
local disease (Table 18.3). Therefore, surgery remains the cornerstone of therapy for
locoregional gastric cancer.

In the 1950s throughout most of the 1980s, because of the lack of effective sys-
temic therapies, patients with newly diagnosed gastric cancer were treated with
surgery, either for curative intent or for palliation. Until recently, studies to find
effective multimodality therapy to improve outcome in patients with curable dis-
ease were unsuccessful. Before the mid-1990s, most gastric cancers in the USA and
other Western countries arose from the distal stomach. Surgical publications span-
ning a decade confirmed that segmental or partial gastrectomy and total gastrec-
tomy had the same survival outcomes [16, 17]. Unfortunately, however, the evidence
was inconsistent with regard to the extent of lymph node dissection at the time of
curative gastric surgery.

The nodal dissection type is described as D1 when perigastric lymph nodes are
excised; D2 when additional lymph nodes along the splenic, hepatic, left gastric,
and celiac arteries are removed; and D3 when more lymph nodes in the retroperito-
neal or para-aortic regions are dissected. In Japan, gastric cancer is quite common,
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Table 18.3 Gastric cancer: 5-year relative survival rates by stages
By TNM stages

Stage Five-year survival rate
0 89%
1A 78%
IB 58%
I 34%
IIA 20%
1B 8%
v 7%
By SEER stages

Local 63%
Regional 27%
Distant 3%

resulting in a significant public health burden; consequently, screening programs for
gastric cancer have been developed in Japan. Japanese surgeons have been able to
show a strong correlation between the extent of nodal dissection and overall survival
[18]. However, surgeons in Western countries have been unable to duplicate the
Japanese results. In fact, in randomized trials comparing D1 to D2 nodal dissection
types, survival rates were the same, with D2 resulting in higher morbidity and mor-
tality [19, 20]. The explanation for this divergence of surgical outcomes is not read-
ily transparent, but plausible reasons are as follows: (1) early stages are being
diagnosed in Japan as a result of national screening programs; (2) Japanese experi-
ence and expertise for gastric surgery and nodal dissection have not been easily
translatable across geography; (3) patient populations are very different with differ-
ent rates of obesity; and (4) stage migration is occurring because of better lymph
node removal and evaluation techniques, which explains why stage-for-stage,
Japanese patients appear to have earlier disease than their counterparts in Western
countries do.

Consistently evident in the historical literature, however, is the finding that
although cure is possible only with complete surgical resection, less than half of
patients with newly diagnosed gastric cancers present with resectable disease. The
survival rate at 5 years after surgery alone is less than 30% [21, 22]. Because of both
the low incidence of newly diagnosed resectable gastric cancers and the low 5-year
survival rates with surgery alone, the management of gastric cancers relies on mul-
tidisciplinary input from surgical, radiation, and medical oncologists.

Many searches for perioperative therapy to improve survival outcome have been
fruitless. Furthermore, many randomized trials designed to assess the benefits of
postoperative chemotherapy have had conflicting results. Even the results of meta-
analyses did not resolve the controversy of adjuvant chemotherapy. Three pivotal
studies conducted in the USA, England, and Japan, however, finally provided some
answers, although postoperative chemotherapy is now used differently according to
the geographically accepted standard of care. For example, based on a Japanese
study [23], postoperative chemotherapy after curative gastric surgery became the
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standard of care in Japan. In the USA, however, based on the Intergroup 116 trial,
which showed that postoperative chemotherapy and chemoradiotherapy improved
survival outcome over surgery alone [22], the standard of care for patients with
resectable gastric cancer included both of these modalities. Resulting from the
MAGIC trial in the United Kingdom [21], perioperative chemotherapy became the
standard of care in this nation. In other parts of Europe, only preoperative multimo-
dality therapy is used.

There are both risks and benefits associated with giving therapy before vs after
curative surgery. For the most part, therapy received after surgery is very difficult to
tolerate, and most patients will not be able to complete their postoperative course
because of toxicity. On the other hand, starting with preoperative therapy may delay
potentially curative surgery; it can be argued, however, that patients whose disease
progresses rapidly may not ever benefit from surgery. Currently, there is no world-
wide standard of care for patients with potentially curative disease, but clearly addi-
tional therapy is necessary. Less than 10% of patients with metastatic gastric cancer
survive 24 months after diagnosis [24].

Before the mid-1980s, the foundations of systemic chemotherapy for gastric can-
cer were mitomycin, carmustine, doxorubicin, and methotrexate. By 1987, a new
antimetabolite of the pyrimidine analog was approved for gastrointestinal malig-
nancies. Since that time, the nucleus of systemic therapy for gastric cancer has been
5-fluorouracil (5-FU). For patients with good performance status, retrospective data
have suggested that survival improved with 5-FU-based chemotherapy compared
with best supportive care [25]. However, progress in the development of therapy for
advanced or metastatic gastric cancer has lagged behind all other gastrointestinal
cancers. As with perioperative therapy in localized and hence curable disease, there
is no accepted worldwide standard of care for frontline therapy in advanced or meta-
static gastric cancer. Therefore, reference regimens have differed in various regions,
and numerous combinations of chemotherapeutic agents have been compared.

Before the 1990s, very few randomized phase 3 clinical trials in the management
of advanced or metastatic gastric cancer had been conducted, resulting in limited
advancements [26-30]. At the beginning of the twenty-first century, docetaxel, iri-
notecan, capecitabine, oxaliplatin, and S-1 were added to the armamentarium of
cancer in general. Since that time, more phase 3 clinical trials for gastric cancers
have been completed, adding to the research momentum and helping to change the
treatment paradigm for this still deadly malignancy [31-38]. Slowly but surely, sur-
vival outcome with frontline therapy for metastatic gastric cancer has increased
from 5 months [39] with best supportive care to 13.5 months [38] with trastuzumab
combined with chemotherapy.

The MD Anderson Cancer Center Experience

The MD Anderson Tumor Registry data set included patients who were diagnosed
as having gastric cancer between 1944 and 2004. This total does not include patients
with gastroesophageal junction cancer, which had an increasing incidence since the
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Table 18.4 Patients with gastric cancer treated at MD Anderson, 1944-2004
SEER stage at presentation

Local Regional Distant Unstaged Total
Decade [No. (%) of patients]
1944-1954 6 (11.8) 28 (54.9) 17 (33.3) 0 (0) 51 (100.0)
1955-1964 32 (12.7) 90 (35.9) 126 (50.2) 3(1.2) 251 (100.0)
1965-1974 22 (7.3) 101 (33.3) 173 (57.1) 7(2.3) 303 (100.0)
1975-1984 43 (11.8) 128 (35.3) 186 (51.2) 6 (1.7) 363 (100.0)
1985-1994 77 (16.9) 157 (34.4) 199 (43.6) 23 (5.0) 456 (100.0)
1995-2004 124 (20.2) 174 (28.3) 282 (45.9) 35(5.7) 615 (100.0)
Total 304 (14.9) 678 (33.3) 983 (48.2) 74 (3.6) 2,039 (100.0)

SEER Surveillance, Epidemiology, and End Results program

1990s. Furthermore, problems inherent in the historical data sets are the migration
of stage over time and the limitations of staging information in the early years. In
this data set, stage grouping was based on SEER stages, which were broad. In 1977,
the first version of the AJCC TNM staging system was introduced, and in 1997, the
staging system for gastric cancer was refined to better reflect surgical pathology.
During the earlier years of this data set, stage assignment had been made on the
basis of both clinical and limited surgical findings. Clinical findings typically would
have been based on physical examination and limited plain film radiographs, with-
out the benefit of current standards of staging such as endoscopic ultrasound,
laparoscopic peritoneal evaluation, and CT scans. Consequently, stage assignment
across the 60-year course of data recording was not uniform, and a lot of detailed
staging data were not available.

A total of 6,215 patients with gastric cancer were seen on or before 31 December
2004. Of this group, 3,819 had received no therapy for their gastric cancer before
presenting to MD Anderson Cancer Center. After excluding patients with multiple
primary cancers and those treated elsewhere, 2,393 patients received definitive
primary treatment at MD Anderson. The distribution of patients presenting by time
interval and SEER stage is summarized in Table 18.4. Not surprising, 82% of patients
presenting to MD Anderson had advanced (regional and distant) disease. This high
percentage of patients with advanced-stage disease reflects the referral pattern of the
institution as well as the natural history of the disease, whereby gastric cancer diagno-
sis is usually made with signs and symptoms of advanced stages [15].

The pattern of treatments administered to patients at MD Anderson is repre-
sented in Table 18.5. Over the years, significantly less surgery (P=0.01241) and
significantly more chemotherapy (P=0.00001) was used as primary therapy for
gastric cancer patients. This trend reflects an epidemiologic phenomenon as well as
advances in both staging and treatment for gastric cancer. As discussed above, the
incidence of gastric cancer in the USA is decreasing, but with a greater proportion
of gastroesophageal junction cancers being diagnosed. Therefore, the ability of this
data set to capture surgery for gastric cancers may be diminished with advancing
time intervals. Explanations for the possible inaccurate reflection of the crude
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Table 18.5 Pattern of treatment modality for patients with gastric cancer treated at MD Anderson,
1944-2004

Treatment modality

Chemo- Radio-
Surgery therapy therapy Multiple® Other Total

Decade [No. (%) of patients]

1944-1954 48 (94.1) 1(2.0) 1(2.0) 1(2.0) 0 (0) 51 (100.0)
1955-1964 147 (58.6) 67 (26.7) 3(1.2) 29 (11.6) 5(2.0) 251 (100.0)
1965-1974 89 (29.4) 154 (50.8) 5(1.7) 51 (16.8) 4(1.3) 303 (100.0)
1975-1984 157 (43.3) 113 (31.1) 4(1.1) 64 (17.6) 25 (6.9) 363 (100.0)
1985-1994 130 (28.5) 154(33.8) 11 (24) 91 (19.9) 70 (15.4) 456 (100.0)
1995-2004 128 (20.9) 250(40.8) 26 (4.2) 77 (12.5) 132(21.5) 613 (100.0)
Total 699 (34.3) 739(36.3) 50 (2.5) 313(15.3) 236(11.6) 2,037(100.0)

SEER Surveillance, Epidemiology, and End Results program
*Always included surgery

statistics of gastric cancer cases seen and treated at MD Anderson include frequent
overlap as to how tumors of the gastroesophageal junction are classified. The
distinction of gastric from gastroesophageal junction, from esophageal cancers has
been evolving through the decades. Since the start of MD Anderson history until
2010, the classification and staging for gastric cancer was revised at least three
times. The AJCC staging has recently updated gastric cancer to no longer include
the gastric cardia (Greene FL et al., AJCC Cancer Staging Manual 6th Edition,
2010). The survival outcomes of patients in this dataset do not reflect the change in
patient referral to the institution through the years. MD Anderson is seeing more
complicated, high-risk, refractory, and advanced gastric cancer cases. Finally, man-
agement of locoregional gastric cancers has also advanced through the years.
Although surgery still plays a pivotal role in the management of locoregional
disease, the integration of surgery with chemotherapy and radiotherapy results in
better outcomes. Often, surgery is no longer the first step in patients with local or
regional disease. The increasing trend of adding chemotherapy (P<0.0001) and
radiotherapy (P <0.005) to surgery in more recent decades is significant. Eventually,
if therapies become effective enough, surgery may become obsolete, although this
is still many years in the future. All of these limitations of the dataset generate an
inaccurate reflection of gastric cancer through the decades at MD Anderson. Hence,
caution must be applied to the interpretation of survival and overall outcomes.

The SEER database encompasses registries of patients from many states and is
thus more representative of national averages. The SEER database (1988-2005)
indicated that overall survival rates for all stages of gastric cancer were 23.6% at
5 years and 19.5% at 10 years [15]. In addition, 5-year survival rates were 62.5% for
localized, 26.6% for regional, and 3.4% for distant disease [15]. For gastric cancer
patients treated at MD Anderson at approximately the same time interval (1984—
2004), median overall survival rates were 27.4% at 5 years and 21.9% at 10 years;
and 5-year survival rates were 70.1% for localized, 34.1% for regional, and 3.8% for
distant disease. Comparing SEER results with those of gastric cancer patients treated
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Table 18.6 Overall survival rates (at 5 and 10 years) of patients with gastric cancer who were
treated at MD Anderson, 1944-2004 (by time interval and SEER stage)

Overall survival rates (%)

All Local Regional Distant
Decade Syears 10years Syears 10years Syears 10years 5years 10 years
1944-1954 11.8 5.9 50.0 333 10.7 3.6 0.0 0.0
1955-1964 13.5 6.4 65.6 37.5 11.1 44 2.4 0.0
1965-1974 1.5 4.6 354 20.2 10.9 6.8 2.3 L5
1975-1984 17.5 12.9 53.8 42.7 25.4 18.8 3.0 1.2
1985-1994  22.6 18.4 65.2 39.4 29.1 20.2 2.6 2.1
1995-2004 32.1 25.3 74.9 63.5 39.0 26.3 4.9 3.0
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Fig. 18.1 Overall survival rates for patients with gastric cancer (1944-2004) (P <0.0001, log-rank
test for trend).

at MD Anderson, stage for stage, MD Anderson patients have had the same or better
survival outcomes.

Table 18.6 and Fig. 18.1, which show overall survival rates for gastric cancer
patients treated at MD Anderson from 1944 to 2004, indicate survival improvement.
During this period, among the 2,393 patients treated at MD Anderson, overall sur-
vival rates at 5 years improved with time (P<0.0001). Overall survival rates at
10 years were also incrementally and significantly better (P <0.0001). Figures 18.2,
18.3, and 18.4 depict survival curves based on time period of treatment for gastric
cancer patients treated at MD Anderson and according to SEER stage. The 5- and
10-year outcomes significantly improved for local (50% vs 75% and 33% vs 64%;
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Fig. 18.2 Survival rates for patients with local (SEER stage) gastric cancer (1944-2004)
(P<0.0001, log-rank test for trend). Because of the very small number of individuals with local
gastric cancer seen from 1944 to 1954, data from this period were excluded. N.A. not applicable.

P<0.0001), regional (11% vs 39% and 4% vs 26%; P<0.0001), and even distant
(0% vs 5% and 0% vs 3%; P<0.0001) disease, respectively, over time.

There are several possible explanations for the improved survival outcome among
patients with local or regional disease over this 60-year period. Since 1944, advance-
ments in presurgical staging methods, such as laparoscopic evaluation for low-
volume peritoneal metastases, endoscopic ultrasound for more accurate assessment
of regional lymph node spread, and certainly high-resolution CT imaging, to name
just a few, have allowed for more accurate assessment of stage. Furthermore, better
and more aggressive nutritional support, along with advancement in postoperative
care, contributed to improved gastric cancer survival at MD Anderson for local and
regional diseases.

However, improved survival outcome among patients with local and regional
diseases was most likely influenced by (1) surgical experience and expertise and
(2) the multidisciplinary approach to all patients with local and regional disease.
Observational studies in survival outcome from larger databases of gastric cancer
cohorts have confirmed the association between surgical mortality and institutional
surgical volume. The Nationwide Inpatient Sample from 1998 to 2003, consisting
of 13,354 patients who had undergone gastric resection during their hospitalization,
demonstrated an operative mortality rate of 6.0%. One predictive factor of
significantly increased in-hospital mortality was low annual hospital surgical vol-
ume. Hospitals that performed fewer than 4 gastric resections per year had a higher
in-hospital mortality rate than did hospitals that performed more than 11 gastrecto-
mies per year [40]. This concept has been consistently demonstrated in other
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Fig. 18.3 Survival rates for patients with regional (SEER stage) gastric cancer (1944-2004)
(P<0.0001, log-rank test for trend).

databases, such as those of SEER, Medicare, and academic institutions [41-44]. In
Texas, for example, over a 3-year period, among 214 hospitals that performed 1,864
gastrectomies, the high-volume hospitals (>15 gastrectomies per year) had
significantly lower in-hospital mortality rates and perioperative complications than
did low-volume hospitals (<3 gastrectomies per year) [44]. A significant factor in
this improved survival at high-volume centers was the demonstrated ability to res-
cue patients who experienced a major complication after gastric resection.

Since the mid-1990s, multimodality care of patients with local or regional gas-
tric cancer has become a foundation of clinical trial development and ultimately
clinical decision making. Each patient with newly diagnosed local or regional gas-
tric cancer is examined by a multidisciplinary team consisting of medical, radia-
tion, and surgical oncology specialists, and decisions for each patient’s case are
made by this multidisciplinary team. In recent pivotal clinical trials, the manage-
ment of local and regional gastric cancer has become increasingly based on evi-
dence [21-23]. In particular, the Intergroup 116 [22] and MAGIC [21] trials, which
were based on different approaches to additional therapy to curative gastric
surgery, led to two consistent messages translatable into practice: (1) survival out-
come is improved with additional therapy; and (2) postoperative therapy, whether
chemoradiotherapy or chemotherapy, is poorly tolerated. At MD Anderson, since
the mid-1980s, selected patients with local and regional disease have been treated
in clinical trials with preoperative multimodality therapy, which included either
chemotherapy and/or chemoradiotherapy. We believe this approach was the major
contributor to the improved survival outcome seen on survival curves for regional
disease (Fig. 18.3).
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Fig. 18.4 Survival rates for patients with distant (SEER stage) gastric cancer (1944-2004)
(P<0.0001, log-rank test for trend).

Even within the distant disease group of gastric cancer patients at MD Anderson,
survival curves demonstrated incremental but significant improvement in 5- and
10-year outcomes (Fig. 18.4). This modest change is probably explained by the
more recent expansion of available cytotoxic agents, such as capecitabine, S-1, doc-
etaxel, and oxaliplatin. Although active, these agents each have a narrow therapeu-
tic index between survival benefit and therapy-related toxicity. Therefore, despite
improvements seen in survival rates for patients with distant disease over the past
60 years, these rates have been in the single digits and will remain so until effective
durable systemic therapy becomes available.

Current Management Approach

Our approach to patients with gastric cancer is based on TNM staging of the dis-
ease. To predict the natural history of disease and determine the direction of disease
management, we have all patients undergo extensive disease staging with use of
imaging, endoscopy, and laparoscopy, as indicated. Because we support a multidis-
ciplinary approach to cancer management, we provide all patients with multimodal-
ity therapy, when appropriate, as well as nutritional and symptom assessment and
support. Patients with local or regional disease are almost always seen by a multi-
disciplinary team of medical, radiation, and surgical oncologists. Many consider the
standard of care for local and regional disease to include (1) surgery alone for early
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disease, (2) postoperative chemoradiotherapy after curative surgery, or (3) perioperative
chemotherapy sandwiching curative surgery; in addition, because of our commit-
ment to research, we encourage patients to participate in clinical trials, when
appropriate.

Because of the lack of a commonly accepted primary chemotherapy regimen for
distant disease, the standard of care for treating advanced gastric cancer consists of
several 5-FU-based chemotherapy regimens. Patients with distant gastric cancer typi-
cally have poor performance status, especially if they received therapy before coming
to MD Anderson. Although enrollment into clinical trials is encouraged, it is often not
practical for patients seeking second or third opinions at MD Anderson.

Ongoing and future research will improve our understanding of the molecular
pathogenesis of gastric cancer and will enable us to develop molecular biomarkers
and targets for drug development. Personalized therapy for gastric cancer patients is
the goal of the future. However, to get there, we are working on short-term goals. For
example, for patients with local or regional (potentially curable) disease, we must
have better models to predict response to therapy and to stratify the risk of recurrence.
Furthermore, more effective cytotoxic agents, along with improved targeted therapies,
are needed to increase durable responses with less toxicity. Just as in the clinical man-
agement of gastric cancer, the combined efforts of all disciplines will be necessary for
research, to further improve survival in patients with this disease.
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Chapter 19
Acute Myeloid Leukemia

Emil J. Freireich

Acute myeloid leukemia (AML) is a systemic disease that is “metastatic” from
diagnosis; therefore, the problems typically associated with local and regional
control, i.e., those associated with surgery and radiation therapy, do not play a role.
Since virtually all patients who die as a result of a malignant disease die of systemic
(metastatic) cancer, AML has served as a prototype illness for the development of
systemic therapies, and advances in the control of this disease have been rapidly
applied to the control of the more common metastatic cancers in man.

The median age at diagnosis for these patients, as for all patients with cancer, is
between 50 and 60 years; and like the more common malignancies, the incidence of
AML increases progressively with age.

In 1944, when MD Anderson opened, there was no effective or palliative therapy
for AML. The disease was uniformly fatal, with a median survival from diagnosis
of approximately 8 weeks, and 99% of patients died within 12 months of diagnosis.
The first palliative chemotherapy for AML was 6-mercaptopurine, an antitumor
agent synthesized by Hitchings and Elion in 1953 and reported to induce temporary
remissions of AML in adults. Between 1944 and 1954, only 25 patients with AML
were seen at MD Anderson Cancer Center, largely because there was no known
therapy for this disease and thus little basis for referral to a major cancer center.

In 1955, I had the opportunity to serve in the United States Public Health Service
and to be stationed at the newly opened clinical center of the National Institutes of
Health in Bethesda, Maryland. This was an extraordinary facility because of its
excellent resources, but more importantly, it was one of the first clinical care institu-
tions devoted entirely to patient-oriented research. The physicians who served in
this institution controlled their own practice. There were no service requirements,
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and patient care was free, including travel for all patients who participated in the
clinical research in that institution.

Between 1955 and 1964, the first prospective randomized clinical trials in cancer
were conducted and the first cooperative clinical therapy group (Acute Leukemia
Group B) formed. Also during that decade, combination chemotherapy and new
antibiotics to control infection were developed, new therapeutic agents and adjuvant
chemotherapy were discovered, and platelet replacement therapy to control hemor-
rhage was introduced, all of which demonstrated that the first systemic (metastatic)
cancer in man could be “cured” with systemic therapy. That first systemic cancer
was childhood acute lymphoblastic leukemia: approximately 40% of children
treated with the multi-agent combination chemotherapy vincristine, amethopterin
(methotrexate), mercaptopurine (6-mercaptopurine), and prednisone (VAMP) were
found to have prolonged survival compatible with cure [1]. This achievement dem-
onstrated that systemic therapy could cure systemic cancers.

Unfortunately, although there were four systemic chemotherapeutic agents active
against childhood acute lymphoblastic leukemia, i.e., methotrexate (an antifolic
acid compound), prednisone (an adrenal corticosteroid), vincristine (an antitubilin
agent), and 6-mercaptopurine (an antipurine nucleoside antagonist), only the
6-mercaptopurine showed any activity against the adult form of AML. Specifically,
the use of 6-mercaptopurine resulted in complete hematological remission but in
only 9% of patients treated. The median duration of these remissions was approxi-
mately 3 months; therefore, by 1965, AML was still essentially an untreatable form
of malignancy. During that decade, the number of patients with AML who were
treated at MD Anderson (a total of 155) increased, both because the institution had
grown and because palliative therapy was now available.

Improvement in therapy for adult AML really began in 1965. Dr. Clark, the
President and Director of MD Anderson, after observing the rapid progress in
leukemia therapy being made at the National Institutes of Health in Bethesda, rec-
ognized that MD Anderson had the potential to become a major therapeutic research
center patterned after the developments at the National Cancer Institute in Bethesda.
Toward that end, he aggressively recruited Dr. Emil Frei III, Head of the Medicine
Program at the National Cancer Institute, who in turn recruited Dr. Emil J. Freireich
to join him as head of a new department called Developmental Therapeutics, whose
mission was to develop therapy for systemic metastatic cancer.

The following decade, 1965-1974, was one of rapid progress in the management
of AML. An important breakthrough was the discovery of the activity of the nucleo-
side analog arabinosyl cytosine (ARA-C) [2]. Importantly, the unique pharmacol-
ogy of this drug required that continuous infusion be used to maintain blood levels;
once this was discovered, the outlook for patients with AML changed dramatically.
The activity of ARA-C was soon recognized to be synergistic with alkylating agents
such as cyclophosphamide. The major breakthrough, however, occurred with the
discovery of anthracycline antibiotics, specifically daunorubicin, which was found
to have major synergistic activity with ARA-C [3]. This increased the frequency of
response, but more importantly, it was soon discovered that when therapy was given
early in remission, i.e., early intensification and with intermittent reinduction as
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maintenance, remission could be significantly prolonged [4]. When AML was no
longer considered a hopeless diagnosis, the number of patients referred to MD
Anderson increased dramatically; in fact, twice as many patients were referred in
that decade as in the previous 20 years.

The next decade, 1975-1984, was one of progressive improvements in the use of
the drugs discovered in the previous decade, such that for the first time, a significant
minority of patients were surviving 5 years or more beyond diagnosis [5]. In fact,
one study showed that 20 patients who had been treated for AML at MD Anderson
and then monitored after diagnosis were still alive and in remission (free of disease)
more than 5 years later; this meant that this single institution had treated more sur-
viving AML patients than had the rest of the world [6].

As aresult of this progress, the number of AML patients referred to MD Anderson
for treatment continued to increase; specifically, in the 20 years between 1965 and
1984, 980 patients newly diagnosed with AML were referred to MD Anderson, five
times more than were referred in the previous 20 years (1944—-1964).

In the decade 1985-1994, the advent of cytogenetics used in classifying AML
into distinct subgroups was an important development [7]. Patients who had acute
promyelocytic leukemia with a translocation between chromosomes 15 and 17,
patients with core-binding factor leukemias with a translocation between chromo-
somes 8 and 21, and those with inversion 16 chromosome abnormality constituted
approximately 20% of all patients with AML. This group, which included virtually
all of the cured surviving patients (i.e., longer than 5 years), had a high response rate
to therapy —more than 80% —and experienced remissions lasting longer than those
of any other subgroups. At the other extreme were the patients with a poor progno-
sis who had more complex cytogenetic characteristics such as the loss of all of
chromosome 5, chromosome 7, or trisomy 8; the loss of the long arm of these chro-
mosomes; or other miscellaneous abnormalities. The response rate in this group was
extremely low (below 20%), and virtually none of these patients had prolonged
survival. This group made up approximately 30% of all patients with AML. The
remaining 50% of AML patients were intermediate in outcome.

In the decade 1995-2004, advances in supportive therapy and in intensive com-
bination chemotherapy improved the prognoses for patients with residual disease.
During this decade, almost 1,000 new patients were referred to the institution for
care because of the prospects for palliation and cure of this disease.

In summary, over a brief period of only 60 years, prognoses and outcomes for
patients with AML changed from the hopelessness of 100% mortality within a year
to prolonged survival —the equivalent of a cure—in more than a quarter of patients;
furthermore, virtually all patients now benefit from treatment [8] (Fig. 19.1). The
most important factor predicting outcome of the disease is age at diagnosis. In all
cytogenetic and prognostic subgroups, age remains an important prognostic factor.
For patients older than 70 years, the prognosis is still poor, and treatment remains
highly unsatisfactory. In future decades, more specific and less organ-toxic thera-
pies will almost certainly lead to improved prognoses.

However, the most important result from reviewing this 60-year history at MD
Anderson has been discovering the impact that advances in the treatment of this
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Fig.19.1 Overall survival rates for patients with acute myeloid leukemia (1944-2004) (P <0.0001,
log-rank test for trend).

relatively uncommon form of cancer have had on the development of therapy for
common malignancies. Principles of remission, induction, combination chemotherapy,
adjuvant chemotherapy, intensive maintenance, supportive therapy with platelet
transfusions, and control of infections with antibiotics have all been pioneered in
AML and have found immediate application to the other common malignancies. The
progress made in one short generation at a single institution offers great hope for
improving outcome for patients with this diagnosis and other forms of cancer [9].
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Chapter 20
Chronic Lymphocytic Leukemia/Small
Lymphocytic Lymphoma

Apostolia-Maria Tsimberidou and Michael J. Keating

Introduction

Chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL) are
B-cell lymphoproliferative disorders characterized by a proliferation of mature-
appearing but functionally incompetent lymphocytes. The result of this prolifera-
tion is an accumulation of lymphocytes that progressively infiltrate the lymph nodes,
bone marrow, liver, and spleen. CLL and SLL are classified by the World Health
Organization as the same disease entity [1]. They are identical histologically and
immunophenotypically, but their manifestation is different: CLL manifests primar-
ily in peripheral blood or bone marrow and SLL in the lymph nodes.

The American Cancer Society estimated that among U.S. patients who will be
diagnosed as having leukemia in the coming year, about a third will have CLL. In
2011, CLL affected an estimated 14,570 people in the USA, and of the 21,780
deaths expected from leukemias in 2012, about 4,380 will be caused by CLL [2].

CLL/SLL is primarily a disease of older adults, with an average patient age at
diagnosis of 72 years [3]. Many patients diagnosed as having CLL/SLL present
asymptomatically and are without significant findings on physical examination.
Often, the disease is discovered incidentally when blood is evaluated for unrelated
or routine reasons.

CLL/SLL is often characterized as an indolent disease. Many patients (about 30%)
may have a long and unremarkable course of disease —up to two decades—and do not

A.-M. Tsimberidou (P)

Department of Investigational Cancer Therapeutics, The University of Texas MD Anderson
Cancer Center, 1515 Holcombe Blvd, Unit 455, Houston, TX 77030, USA

e-mail: atsimber@mdanderson.org

M.J. Keating
Department of Leukemia, The University of Texas MD Anderson Cancer Center,
Houston, TX, USA

M.A. Rodriguez et al. (eds.), 60 Years of Survival Outcomes at The University of Texas 211
MD Anderson Cancer Center, DOI 10.1007/978-1-4614-5197-6_20,
© Springer Science+Business Media New York 2013



212 A.-M. Tsimberidou and M.J. Keating

require treatment. In recent years, “benign monoclonal B-lymphocytosis” or
“smoldering CLL” has been identified as an entity that denotes clonal B-lymphocytes
in otherwise healthy individuals [4]. However, another third may have disease
progression within the first 5 years, and the remaining third will present with aggres-
sive disease that proves fatal within months.

Approximately 5% of patients with CLL/SLL —independently of disease stage —
develop a lymphoma (most commonly a diffuse large B-cell lymphoma) that is
more aggressive than the underlying CLL. This disease, known as Richter syndrome
(or Richter transformation), is believed to arise through histologic transformation of
the original CLL clone, although in several cases it appears to be a new neoplasm.
Patients who develop Richter transformation have a poor prognosis, with a median
survival of less than 6 months.

On the basis of clinical presentation, therefore, CLL/SLL is characterized as a
disease with a highly variable clinical course, with survival ranging from 1 to
20 years. Given the high degree of variability, one of the historical challenges for
this disease has been to try to develop clinically informative risk-stratification mod-
els to help ascertain which patients among those who present without symptomes,
whose disease was perhaps diagnosed incidentally, would benefit from initiating
treatment.

In the past two decades, advances in the identification of risk factors used to
select optimal therapy and the discovery of new therapeutic agents have significantly
improved clinical outcome, including survival, in patients with CLL/SLL. Before
these recent developments, only the advent of stem cell transplantation (SCT) was
associated with durable responses and cure in selected patients.

Epidemiology and Patient Demographics

CLL/SLL is most often diagnosed in people older than age 60 years. It occurs most
commonly in Caucasians. Men are twice as likely as women to be affected, and men
generally present with more advanced disease than do women.

Although pesticides and other chemical agents have been targets of suspicion in
leukemia development, no specific environmental exposures have been conclu-
sively linked to the development of CLL. However, CLL has been recognized as a
service-related illness for military veterans exposed to Agent Orange. Radiation
exposure has also been a target of inquiry but has not been shown to cause CLL. In
fact, CLL is the only leukemia whose incidence did not increase after radiation
exposures in Hiroshima and Chernoby].

The most specific known risk factor for CLL is inheritance —approximately 10%
of patients who are diagnosed as having CLL have a first- or second-degree relative
with CLL. It is interesting, however, that a single close relative is more common for
this disease than is a family history with multiple affected relatives, as is the case
with many other cancers.
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Second malignancies are common in patients with CLL. Our own retrospective
analysis found a threefold risk for all cancers overall and an eightfold risk for skin
cancers [5]. Excluding skin cancers, the risk of developing another cancer was twice
as high for CLL patients as for age- and sex-matched controls. Secondary cancers
included malignant melanoma, soft tissue sarcomas, and lung cancers. Since these
are similar to the secondary cancers that develop in patients who undergo renal
transplantation, immunosuppression associated with CLL is a presumed likely
cause of second malignancies. However, immunosuppression may lead to the
development of both CLL and other cancers. Molecular profiling of patients
with secondary cancers will improve the understanding of pathogenesis of other
cancers in CLL.

In addition to the role of immunosuppression in secondary cancers, the possible
contributing role of chemotherapeutic agents has been another concern, in particular
the nucleoside analogs such as fludarabine, used in the treatment of CLL. Our 2009
study, however, determined that there was no difference in secondary cancer devel-
opment between patients with CLL who had received nucleoside analogs and those
who had not [5]. Since patients generally present with CLL/SLL at more advanced
ages, other noncancer comorbidities may also pose significant considerations in
treatment planning.

The MD Anderson Cancer Center Experience

The data set used for this discussion was derived from 7,422 patients who initially
presented to MD Anderson Cancer Center between 1944 and 2005 with a diagnosis
of CLL or SLL. Of these 7,422 patients, 4,303 had not received prior treatment
elsewhere at the time of presentation to MD Anderson. Of the 4,303 patients, 1,342
had been diagnosed with multiple primary cancers (except for superficial skin
cancers) and were excluded from this analysis. The remaining population of 2,961
patients, who were included in this analysis, resulted from merging eligible cases
from the Tumor Registry (for those patients initially presenting between 1944 and
1983) and the CLL database from the Department of Leukemia (for those patients
initially presenting between 1984 and 2005). Survival was calculated from initial
presentation.

Presentation

The distribution of patients presenting to MD Anderson by decade is shown in
Table 20.1. Notably, 47% of the total number presented in the final decade (1995—
2005). Since the overall incidence of CLL/SLL is not thought to have changed
dramatically, it is plausible that this high incidence in the final decade principally
reflects an increase in referrals to our institution, particularly of patients in younger
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Table 20.1 Patients with CLL/SLL presenting to MD Anderson by
decade, 1944-2005

Decade No. of patients ~ Percentage =~ Cumulative percentage
1944-1954 113 3.8 3.8

1955-1964 360 12.2 16.0

1965-1974 333 11.2 27.2

1975-1984 334 11.3 38.5

1985-1994 426 14.4 529

1995-2005 1,395 47.1 100.0

Total 2,961 100.0

Table 20.2 Median patient age at initial presentation

Decade Age (years)
1944-1954 63
1955-1964 63
1965-1974 62
1975-1984 61
1985-1994 58
1995-2005 57

Overall median patient age for all decades is 59 years

age groups, to enroll in clinical trials. Table 20.2 shows the median ages of
patients who presented to our institution for treatment by decade of presentation.
Notably, they trend significantly younger than the general population with this con-
dition at the time of diagnosis.

A major factor contributing to the increasing number of patients presenting for
evaluation and treatment at MD Anderson in recent years was the approval of
fludarabine by the Food and Drug Administration in 1991, which led to an increased
number of effective clinical trials of fludarabine for the treatment of CLL/SLL.

Treatment Patterns

A change in treatment patterns can be seen over the decades. Table 20.3 shows the
proportion of patients treated with specific modalities within the first 4 months of
their diagnosis. Notably, during the first two decades (1944—1964), treatment with
chemotherapy and/or radiation therapy was initiated in the majority of patients. This
trend plateaued and then reversed over the following decades, signifying two major
changes in the treatment paradigm during that time: (a) radiation therapy ceased to
be considered a primary treatment except for locoregional treatment for selected
patients with SLL whose disease is confined to a single lymph node group, which
remains an accepted standard treatment [6] and (b) timing of the initiation of treat-
ment, depending on stage of the disease and identification of prognostic factors.
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Fig. 20.1 Overall survival rates for patients with chronic lymphocytic leukemia (CLL) and small
lymphocytic lymphoma (SLL) (1944-2005) (P <0.0001, log-rank test).

These changes coincided in time with the development of the Rai and Binet staging
systems, which were intended to provide prognostic categories to help guide
treatment decisions, reflecting a growing recognition that not all patients presenting
with CLL/SLL required immediate treatment.

Survival

The overall survival trend reflected in Fig. 20.1 and Table 20.4 indicates a stepwise
improvement in survival rates over the 60-year time span. The 5-year survival rates
increased from 23.9% (1944-1954) to 85.6% (1995-2005) and the 10-year survival
rates from 10.6% (1944-1954) to 65.9% (1995-2005). The most significant increase
in survival was seen in the final two decades.

The improved survival rates of patients with CLL/SLL in recent decades are
attributed to the following factors:

Advances in the diagnosis and classification of CLL. The wide variation in the natu-
ral behavior of this disease became more evident and was standardized by new
staging systems in the 1970s and early 1980s. The Rai and Binet staging systems
established criteria that enabled physicians to determine prospectively whether,
when, and how aggressively they should initiate treatment. The original Rai staging
system for CLL, published in 1975, classified the disease into low-, intermediate-,
and high-risk groups according to whether lymphocytosis was accompanied by
other factors, including lymphadenopathy, splenomegaly, hepatomegaly, anemia,
and thrombocytopenia [7]. The Binet system, which followed in 1981, used
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Table 20.4 Kaplan—Meier overall survival

Percent survival

Decade 5 years 10 years Median survival (months)
1944-1954 23.9 10.6 20

1955-1964 30.1 11.2 33

1965-1974 48.9 229 59

1975-1984 56.2 28.2 68

1985-1994 72.1 48.0 118

1995-2005 85.6 65.9 Not reached

lymphocyte counts and the degree of bone marrow infiltration as correlates of
disease progression [8]. Both systems are still in use today. Biologic and genetic
information, in addition to the Rai and Binet systems, add critical information for
risk stratification of patients with this disease.

Additional efforts to identify useful criteria followed, which included the
National Cancer Institute-sponsored Working Group (NCI-WGQG) guidelines for the
diagnosis and treatment of CLL in 1988 and 1996, and the World Health Organization
Classification of Lymphoid Neoplasms (2001), which proposed additional criteria
to identify patients at higher risk who should be considered for treatment [9].

More recent advances in diagnostic testing such as immunohistochemical and
flow cytometric analyses have led to more exacting differential diagnoses, and more
sophisticated cytogenetic and molecular analyses have made it possible to identify
specific chromosomal translocations occurring in subtypes, for which there are
treatment implications.

In our 2007 retrospective analysis of 2,126 patients with CLL/SLL examined at
MD Anderson from 1985 to 2005, the median time to treatment was 4.2 years (95%
CI, 3.8-4.7 years). Patients with high-risk features, including poor-risk genomic
aberrations (particularly 17p or 6q deletions), unmutated IGHV, and ZAP-70 over-
expression, required treatment earlier than did patients without these characteristics
[10] (Figs. 20.2, 20.3, and 20.4). When combined, these factors can provide more
complete predictive information to guide treatment choices than has ever been
available before. Identification of these markers was made possible by advances in
testing such as flow cytometry and cytogenetic testing such as fluorescence in situ
hybridization (FISH).

Advances in first- and second-line chemotherapy. Until the late 1980s, frontline
chemotherapy was limited to chlorambucil- and cyclophosphamide-containing
regimens. These agents rarely led to complete remission.

The introduction of the purine analogs fludarabine, pentostatin, and cladribine
into clinical trials in the 1980s was a major milestone in the treatment of this dis-
ease. Studies using fludarabine as first-line therapy demonstrated significant
improvements in response rates, complete remission rates, and progression-free sur-
vival but not in overall survival [11].

During the 1994-2005 timeframe, the use of these agents in combination began
to show promise as well, first with the addition of cyclophosphamide and later
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Fig. 20.3 Time to treatment by IGHV mutational status (P <0.0001).
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Fig. 20.4 Time to treatment by ZAP-70 status (P <0.0001).

with the monoclonal antibody rituximab. The combination of fludarabine and
cyclophosphamide proved superior to single-agent therapy, raising complete
remission rates from 29% with fludarabine alone to 35% with fludarabine and
cyclophosphamide, and the addition of rituximab to the combination resulted in
70% complete remission rates, suggesting not only an additive effect but also a
synergistic one [12]. Failure-free survival was also significantly longer in patients
treated with the fludarabine, cyclophosphamide, and rituximab combination or
with fludarabine and rituximab-containing regimens than in patients who received
other therapies (P <0.0001, Fig. 20.5).

Advances in treatment for advanced or refractory disease. Improved chemothera-
peutic agents and the advent of targeted drug therapies have led to prolonged
disease-free survival and improvements in survival. However, many patients invari-
ably experienced relapse, often with resistant or refractory disease.

Stem cell transplantation (SCT) became a viable treatment option in the 1970s and
has remained an important tool for treating relapsed or refractory CLL/SLL. Although
autologous SCT has not been shown to be effective and is rarely feasible, given the
nature of the disease, allogeneic transplantation has resulted in durable remissions.
This treatment, however, has been associated with considerable mortality and morbid-
ity, limiting candidacy to younger patients with good performance status.

Progressive refinements in technique over the past two decades have resulted
in transplantation approaches that use reduced intensity conditioning (non-
myeloablative or “mini” transplants) and donor lymphocyte infusion to treat or prevent
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posttransplant relapse. These treatments were major milestones that grew out of
the recognition that the efficacy of transplantation did not come solely from
dose-intense preconditioning of chemotherapy, but also from a graft-versus-
leukemia effect [13].

The ability to use donor cells harvested from peripheral blood rather than from
bone marrow, along with improved donor-matching techniques, wider access to
stem cell banks, and better supportive care, has improved availability of SCT to
patients with CLL.

The anti-CD52 monoclonal antibody alemtuzumab was approved in 2001 by the
U.S. Food and Drug Administration specifically for its activity in relapsed CLL,
particularly fludarabine-refractory disease that is limited to blood and bone marrow.
Other novel agents have emerged subsequent to the timeframe discussed here and
continue to be studied in various combination regimens [14]. Although none have
yet replaced allogeneic SCT as a curative option, some show promise and are useful
for patients who are not candidates for SCT [15].

Novel agents. A large number of early-phase clinical trials are investigating the role
of new agents in the treatment of CLL.



20 Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma 221

Advances in supportive care. Improved supportive care has reduced the number of
immune-compromised patients with CLL who might otherwise succumb to the
overwhelming infectious processes and has enabled many to receive therapies that
in previous decades would not have been feasible. These improvements include
infection prophylaxis with antibiotics and antiviral agents and vaccines, early inter-
ventions for autoimmune cytopenias, prevention and proactive management of
cytomegalovirus reactivation associated with monoclonal antibodies such as
alemtuzumab, and safer blood product support.

Current Management Approach

The National Comprehensive Cancer Network guidelines currently recommend that
patients enroll in clinical trials when treatment is indicated by symptoms, including
fever without infection, night sweats, weight loss, and severe fatigue, or by disease
conditions, including threatened end-organ function, progressive bulky disease evi-
denced by splenomegaly or lymphadenopathy, disease progression with progressive
anemia or thrombocytopenia, and rapid lymphocyte doubling time [6].

The current approach to management of CLL/SLL at our institution begins with
a thorough workup that includes immunophenotyping, cytogenetic and/or FISH
testing to detect chromosomal deletions, assessment of IGHV mutational status, and
determination of CD38 and ZAP-70 expression by flow cytometric and immunohis-
tochemical analyses. The goal of our workup is to identify patients who should initi-
ate treatment and to secure guidance about the best treatment choices based on the
patient’s disease characteristics and risk factors.

For all patients who require treatment, selection of therapy is individualized on
the basis of disease factors, including clinical, laboratory, histologic, and genomic
features that represent risk of disease progression, and on patient factors
including performance status. In selected patients, clinical trials offer the best
treatment option.

Future Directions

Improvements in outcome for CLL/SLL will likely be derived from continued
research in the following areas:

e Continued advances in our understanding of the biology and pathogenesis of
CLL/SLL, particularly the identification of genetic factors and the role of the
B-cell receptor and B-cell receptor signaling, and the continued investigation of
intricate cellular and molecular interactions of CLL cells with other immune
cells and stromal elements known as the “microenvironment.”
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Continued refinement in risk stratification based on molecular and genetic profiles
that accurately identify patients who will benefit from specific treatments.
Continued development of effective, minimally toxic, novel targeted drug thera-
pies for use in frontline and refractory disease.

Understanding refractoriness to treatment and the development of progression
after initial response to treatment.

Continued development of algorithms and standardization of patient evaluation
and selection of therapy, including therapies targeting the biology of the disease.

Our understanding of the molecular and biologic nature of this disease has

changed dramatically in recent years. In earlier years, CLL was considered a patho-
logic but simple accumulation of quiescent leukemic cells that had failed to undergo
apoptosis. The identification of pathways involved in CLL pathogenesis and of the
interaction of CLL cells with the microenvironment are expected to lead to better
treatment and eventually to the cure of CLL.
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Chapter 21
Hodgkin Lymphoma

Michelle Fanale, Bouthaina Dabaja, Uday Popat, Paolo Anderlini,
and Anas Younes

Introduction

An estimated 8,490 Americans were diagnosed as having Hodgkin lymphoma (HL)
in 2010 [1]. HL is a B-cell lymphoma that arises from germinal center or post-
germinal center B cells. Two types of classic HL (cHL) make up 95% of HL
diagnoses; in contrast, nodular lymphocyte predominant Hodgkin lymphoma
(NLPHL) is rare and has distinct pathologic features. cHL is unique in that the
CD30-positive Reed—Sternberg (RS) cells often make up less than 1% of the tumor
and are surrounded by a rich microenvironment, including CD20-positive reactive
B cells that are believed to provide survival signals to the RS cells.

There are four distinct subtypes of cHL: nodular sclerosis (NS), mixed cellu-
larity (MC), lymphocyte rich (LR), and lymphocyte depleted (LD). cHL has a
bimodal age distribution, first peaking in patients in their 20-30s and then in
patients in their 50s. Most patients with cHL present with asymptomatic enlarge-
ment of the lymph nodes.

NLPHL is characterized by the presence of CD20-positive lymphocytic and
histiocytic (LH) cells. The age at onset for NLPHL is later than that for cHL, occurring
in the 30—40s, and has a male predominance. NLPHL patients, similar to cHL
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Table 21.1 Ann Arbor staging system with Costwold’s modifications for Hodgkin lymphoma®

Stage Description

I Involvement of a single lymph node region or lymphoid structure such as the thymus,
Waldeyer’s ring, or spleen

I Involvement of two or more lymph node regions or lymphoid structures on the same
side of the diaphragm

1 Involvement of lymph node regions or lymphoid structures on both sides of the
diaphragm

v Diffuse or disseminated involvement of one or more extranodal organs or tissue
beyond that designated E, with or without associated lymph nodded involvement

Modifying features

A Absence of systemic symptoms

B Presence of systemic symptoms (fever >38 °C, night sweats, or unexplained weight
loss >10% of body weight within the preceding 6 months)

E Involvement of a single extranodal site that is proximal or contiguous to the known
nodal site

X A bulky mediastinal mass with a maximum width that is >1/3 the transverse diameter

of the thorax or >10 ¢cm in maximum diameter
aPData from [2]

patients, tend to present with asymptomatic adenopathy, although the lymph nodes
involved are generally more peripheral than central. However, in contrast to patients
with cHL, patients with NLPHL rarely present with B symptoms of fever, night
sweats, or significant weight loss.

Patients with HL are staged according to the Ann Arbor system with modifications
developed at the Costswold Conference in 1989 (Table 21.1) [2]. Stage assignment
is used to tailor treatment strategies. Current outcomes for cHL patients are stage-
dependent: patients with early-stage disease generally have low 5-year relapse rates
of 7-15%, whereas patients with advance-stage disease typically have 5-year relapse
rates of 20-40%. Although relapse tends to occur early in patients with cHL, it is
not uncommon for relapse to occur 5-10 years after initial treatment in patients with
NLPHL. As with cHL, rates of relapse are correlated with stage: patients with early-
stage disease have 10-year relapse rates of 10-30%. Although patients with relapsed
cHL generally present with aggressive disease and receive intensive treatment,
patients with relapsed NLPHL generally present with indolent disease and can be
treated more conservatively.

Historical Perspective

Over the past 60 years, significant advances in treatments have led to shifts in para-
digms of management, resulting in substantial improvements in patient outcome.
Initial treatment approaches were focused on improving overall survival (OS). This
was followed by an emphasis on decreasing risk of disease relapse by increasing
disease-free survival. Currently, treatments are being tailored toward decreasing the
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amount of therapy given to low-risk patients and toward integrating biologically
targeted therapies for patients with high-risk and relapsed or refractory disease. The
treatment of HL is a multidisciplinary effort involving medical and radiation oncol-
ogists, which at MD Anderson Cancer Center encompasses the Departments of
Lymphoma, Radiation Oncology, and Stem Cell Transplantation. Advances can be
subgrouped into changes in frontline management of newly diagnosed disease and
of relapsed or refractory disease.

Advances in Frontline Disease Management

The treatment of patients with cHL involved a series of sweeping changes that
occurred over half a century. The radical approach of radiation therapy (RT), which
was pioneered at Stanford University in the 1960s by Henry Kaplan and Saul
Rosenberg, offered patients with HL the first hope for cure. To compensate for the
lack of systemic treatment, which became available in the early 1970s, RT used
large fields that treated the entire lymphatic system with relatively high doses of
radiation. Often the entire heart was included in the radiation field, and the biologic
doses were much higher than those delivered in contemporary treatment.

The advent of combination chemotherapy with mechlorethamine, vincristine
(Oncovin), procarbazine, and prednisone (MOPP) in the mid-1960s significantly
improved responses. In a meta-analysis of 12 trials and 1,666 patients, combined
chemotherapy plus RT significantly reduced the risk of relapse by 53% at 10 years [3].
Notably, the reduced relapse rates were similar among trials that used combined
chemotherapy plus involved-field RT (IFRT) versus more extensive RT such as
extended-field RT, subtotal nodal irradiation (STNI), or total lymphoid irradiation.
However, because of the long-term risks of secondary malignancies from alkylating
agent exposure in patients treated with MOPP, only borderline improvement was
seen in OS.

The Milan group conducted a landmark trial comparing four cycles of doxorubi-
cin (Adriamycin), bleomycin, vinblastine, and dacarbazine (ABVD) followed by
IFRT versus STNI [4]. After 10 years of follow-up, ABVD plus IFRT was found to
be equivalent to ABVD plus STNI. In addition, outcomes with ABVD therapy com-
pared with historical outcomes with MOPP therapy revealed significantly fewer
cases of secondary malignancies. After the Milan trial, IFRT replaced extended-
field RT, doses of 36-40 Gy replaced doses of 45-54 Gy, and a dose per fraction of
1.8-2 Gy replaced the 3-Gy dose per fraction. This new approach, which was the
dominant practice from the early 1980s until the end of the 1990s, increased patient
survival rates in part by decreasing mortality secondary to adverse effects.

In the past decade, there have been further reductions in radiation fields and
doses, as well as further stratification of treatment approaches for patients with
early-stage disease. The application of computed tomography (CT) to the genera-
tion of three-dimensional radiation therapy (3DRT) planning was the single most
important development that enabled radiation oncologists to reduce radiation fields
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without compromising tumor coverage and at the same time spare the surrounding
critical organs. Other technological developments currently used at MD Anderson
include inverse planning with intensity-modulated radiation therapy (IMRT), cone
beam CT for daily tumor tracking, breath-holding techniques that reduce the radia-
tion dose to the lungs and heart, and the mantle board that reduces the dose to the
breasts. The application of these techniques further decreased the toxic effects asso-
ciated with the delivery of RT by better defining the target and by accurately deliv-
ering the radiation to the intended sites of disease.

Since the late 1970s, the German Hodgkin Study Group (GHSG) has enrolled
more than 15,000 patients in their randomized clinical trials. The GHSG developed
criteria to define two distinct prognosis groups in patients with early-stage disease:
favorable and unfavorable. Patients are considered to have unfavorable disease if
they have a large mediastinal mass, extranodal involvement, elevated erythrocyte
sedimentation rate, more than two involved lymph node areas, or B symptoms. This
has allowed further tailoring of treatment approaches. The recently published results
of the HD10 trial established that for patients with an early-stage favorable progno-
sis, two cycles of ABVD followed by 20 Gy of IFRT is as efficacious as, and less
toxic than, four cycles of ABVD followed by 30 Gy of IFRT [5]. In the paired early-
stage unfavorable prognosis GHSG HD11 trial, four cycles of ABVD and 30 Gy of
IFRT remained the best treatment strategy; intensification with a regimen of bleo-
mycin, etoposide, doxorubicin (Adriamycin), cyclophosphamide, vincristine
(Oncovin), procarbazine, and prednisone (BEACOPP) did not significantly improve
outcome in these patients and resulted in more toxicity including infertility [6].

Further improvements beyond ABVD are warranted for patients with advanced-
stage cHL since 20% of these patients will not experience complete remission (CR)
and among those who do, 33% will ultimately experience relapse. Several philoso-
phies exist on how to decrease relapse rates. The first is based on intensification of
the chemotherapy regimen. A series of GHSG trials beginning in the 1990s, HD9,
HDI12, and HD15, explored BEACOPP-based treatment approaches and showed
freedom from disease relapse in the mid-80% range [7-9]. The Intergroup 20012
randomized trial initiated by the European Organization for Research and Treatment
of Cancer (EORTC) is currently evaluating whether BEACOPP is superior to
ABVD. A second philosophy focuses on combining biologically targeted therapies
with standard chemotherapy regimens. Rituximab is an anti-CD20 monoclonal
antibody and is a standard treatment for non-Hodgkin lymphoma (NHL). Part of the
rationale for incorporating rituximab into cHL therapy is that by targeting the CD20-
positive microenvironment B cells that surround the RS cells, one can decrease the
survival signals sent to the RS cells. Given the benefit seen in an MD Anderson trial
of rituximab treatment in patients with relapsed cHL, a follow-up frontline MD
Anderson phase 2 trial evaluating rituximab combined with ABVD (R-ABVD) was
conducted. The International Prognostic Score (IPS), which uses seven risk factors
to predict outcome in patients with advanced-stage disease, was used to stratify
patients [10]. Advanced-stage patients with a high IPS of 3—7 had a predicted 5-year
event-free survival (EFS) of 60—42%. A 2009 update with 5 years of follow-up
showed 25% improvement in EFS in patients with a high IPS of three or greater who
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had been treated with R-ABVD compared with historical outcomes after six to eight
cycles of ABVD alone [11]. A randomized phase 2 MD Anderson trial evaluating
R-ABVD versus ABVD for newly diagnosed cHL in patients with an IPS of three
or higher is ongoing.

The introduction of positron emission tomography (PET) scans to assess response
has led to multiple studies, beginning in the mid-2000s, to determine the ability of
these scans to predict long-term outcome. The benefit of PET scans is encompassed
by their ability to distinguish whether residual sites of adenopathy are likely to
represent treated versus active cHL, and PET scan response for cHL was incorpo-
rated into the 2007 revised response criteria [12]. A recent study explored whether
interim PET scan response obtained after two cycles of therapy (PET-2) is stronger
than the IPS in predicting outcome. In this study, the 2-year progression-free
survival (PFS) for patients with positive PET-2 was only 13% [13]. The use of PET-2
to predict long-term outcome remains controversial; however, the use of PET-2 has
enabled a third philosophy of advanced-stage cHL treatment to emerge, focused on
using PET-2 to intensify treatment for only those patients with the highest risk of
disease relapse. This strategy is incorporated within the Southwest Oncology Group
(SWOG) 0816 Intergroup trial in which PET response is assessed after two cycles
of ABVD and treatment is intensified to BEACOPP for PET-2-positive patients,
whereas PET-2-negative patients complete an additional four cycles of ABVD.

Frontline management of NLPHL has remained relatively stable over the past
several decades, in part because of the rarity of this diagnosis. Several publications
in the 2000s evaluating patients treated since 1985 established radiation treatment
alone as the standard for stage IA and ITA disease [14, 15]. However, recent pub-
lications highlight an ongoing rate of relapse, with 10-year PFS rates of 85% and
61% for stage I and II patients, respectively, who were treated with RT; these studies
show that unlike cHL patients, NLPHL patients have a 7% risk of transformation to
large B-cell NHL at 10 years [16, 17]. Patients with advanced-stage NLPHL are
known to have poorer long-term outcome; however, given the lack of prospective
trials, no single chemotherapy regimen is preferred, and R-ABVD or a combination
of rituximab, cyclophosphamide, hydroxydaunomycin (doxorubicin), Oncovin
(vincristine), and prednisone (R-CHOP) is often used. Data from an MD Anderson
retrospective study show a trend toward outcome improvement in patients treated
with R-CHOP, and a prospective trial with SWOG is being considered to evaluate
R-CHOP versus R-ABVD [18].

Advances in Relapsed/Refractory Disease Management

Despite aforementioned advances in chemotherapy and RT, 7-15% of patients with
stage I and II disease and 20-40% of patients with advanced disease will have
refractory or recurrent cHL. Current standard management of relapsed/refractory
cHL includes the use of salvage or second-line chemotherapy followed by high-dose
chemotherapy (HDCT) and autologous stem cell transplantation (ASCT). The primary
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goal of salvage chemotherapy is to achieve CR before ASCT, as this predicts for
improved disease-free survival. The development of effective salvage regimens
since the 1990s has had a significant impact on outcome for this patient population.
Common salvage chemotherapy options include platinum- and gemcitabine-
containing regimens, and overall response rates (ORRs) range from 70% to 80%
with CR rates of 10-35% [19-22].

At MD Anderson, we are also conducting trials pairing targeted therapies with
traditional salvage chemotherapy to assess whether we can further improve CR
rates. Activation of the nuclear factor-kf3 (NF-xf3) pathway allows for transcription
of proteins that drive cell survival and decrease apoptosis. Bortezomib is a protea-
some inhibitor that inhibits this pathway. Bortezomib was initially approved for
treatment of multiple myeloma and was more recently approved for relapsed man-
tle cell lymphoma. In cHL cells, bortezomib has been shown to decrease apoptosis.
Although single-agent responses in cHL patients were low, solid tumor trials sug-
gested that bortezomib can overcome chemotherapy resistance. Thus, at MD
Anderson, we recently conducted a phase 1 trial that combined standard salvage
chemotherapy consisting of ifosfamide, carboplatin, and etoposide (ICE) with bort-
ezomib. This combination was well tolerated and showed a good CR rate of 25% in
a poor risk factor patient group; a randomized phase 2 trial has recently completed
enrollment at MD Anderson [23].

Autologous or “self” stem cell transplantation for cHL was developed in the late
1970s and the first ASCT for cHL was performed at MD Anderson in 1978; by the
1990s, this procedure was commonly used. Several discoveries were important for
this development. First, E. Donnall Thomas showed feasibility and success of
allogeneic or “donor” bone marrow transplantation in patients with refractory
leukemias. Specifically, he showed that stem cells in donor’s marrow are able to
repopulate and replenish the recipient’s hematopoietic system after myeloablative
chemoradiotherapy. Second, techniques for cryopreservation and storage of
hematopoietic cells were developed, and the ability to use stored cells to reconsti-
tute the hematopoietic system was established. Third, a dose-dependent increase in
tumor kill from chemotherapy was shown in in vitro studies. However, this dose
escalation was limited by myelotoxicity, which can be overcome by infusion of
previously cryopreserved autologous hematopoietic stem cells. On the basis of this
belief, ASCT was studied in patients with relapsed or refractory HL at transplant
centers worldwide, including MD Anderson Cancer Center.

Early studies in the 1980s focused on patients in whom multiple prior regimens
had failed. In these studies, 5-year PFS rates of 30-60% were observed. Recent
update of long-term outcome in 184 consecutive patients treated with cyclophosph-
amide, BCNU, and etoposide (CBV) and ASCT at MD Anderson between 1978 and
1994 showed OS and PFS rates at 10 years of 34% and 29%, respectively, suggesting
durability of these results [24]. To determine whether results obtained with
high-dose chemotherapy and ASCT were superior to results obtained with salvage
chemotherapy without ASCT, two randomized trials were conducted in patients
with chemosensitive (CR or partial remission with standard salvage therapy) cHL.
Both showed significant improvement in PFS. A British study of HDCT compared
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with standard-dose chemotherapy had to be closed early after enrolling only 40
patients because patients declined randomization to the standard dose arm [25].
A larger German study, which enrolled 61 patients to the high-dose BCNU, etopo-
side, ara-C (cytarabine), and melphalan (BEAM) and ASCT arm and 56 patients to
the conventional-dose arm, showed a significantly superior PFS of 55% in the
HDCT plus ASCT group compared with 34% in the standard chemotherapy group
[26]. These two trials, published in 1993 and 2002, respectively, changed the man-
agement of disease by defining HDCT with BEAM plus ASCT as the standard treat-
ment for relapsed or refractory cHL.

Since the 1990s, better transplantation outcome has been achieved by choosing
patients with chemosensitive disease for ASCT, using a peripheral blood stem cell
graft instead of bone marrow, using filgrastim, and improving supportive care. At
MD Anderson, our treatment-related mortality rate decreased 15% in the 1980s to
1.6% between 1996 and 2007 (in 246 patients). In patients treated with the BEAM
conditioning regimen, the 48-month overall and PFS rates were 72% and 57%,
respectively. The cumulative incidence of secondary myelodysplastic syndrome or
acute myelogenous leukemia was 8%, which remains a major long-term adverse
effect of extensive prior treatment with HDCT. Similar results have been reported
by others. Consolidation with RT will also be considered after ASCT for patients
who did not previously receive RT, particularly if they presented with a bulky medi-
astinal mass.

Other prognostic factors predicting poor outcome after ASCT include primary
refractory disease, remission duration of less than 12 months, B symptoms at the
time of relapse, extranodal disease, and the number of prior chemotherapy regimens.
Patients with one or more of these adverse factors have poor outcomes and alterna-
tive strategies are needed. One such strategy is the development of novel HDCT
regimens. An ongoing phase 1 trial at MD Anderson combines gemcitabine with
busulfan and melphalan, and a phase 2 trial is planned.

Survival of cHL patients who experience relapse after ASCT is highly predicted by
their time to relapse. This has been shown through a review of MD Anderson patients
as part of an international multicenter retrospective study published in 2008 [27].
Striking similarity of outcome was seen in patients treated in various cancer centers.
The data demonstrated that patients whose disease relapses within 6—-12 months after
ASCT have a median OS of 2.4 years, whereas patients whose disease relapses within
3 months of ASCT have a very short median OS of only 8 months. Thus, this study
emphasized the crucial need for additional treatment options.

Advances in our understanding of cHL pathology and biology over the past
decade have led to the development of targeted agents that are currently undergoing
clinical trials in the hope of obtaining approval for new drugs for treating cHL.
CD30 expression is highly restricted and is densely seen on RS cells in cHL. Initial
trials evaluated unconjugated anti-CD30 antibodies and showed overall low
response rates. To increase efficacy, a conjugated or linked anti-CD30 antibody was
developed. Brentuximab vedotin is an anti-CD30 antibody that is conjugated to a
microtubule inhibitor—monomethyl auristatin E (MMAE)—that acts similar to
vinblastine and is termed an antibody drug conjugate (ADC). Brentuximab vedotin



232 M. Fanale et al.

has been evaluated in patients with relapsed cHL in several multicenter clinical
trials at MD Anderson. The ORR for both phase I trials was in the mid-50-60%, and
CR was seen in 25-30% of cHL patients; the overall median duration of responses
was 10 months [28, 29]. Given the promising level of clinical activity, a pivotal trial
for cHL patients was conducted and enrolled 102 patients with relapsed disease
after prior ASCT. Patients were treated with brentuximab vedotin every 3 weeks
and dramatic responses were seen with an ORR of 75%, a CR rate of 34%, and a
median duration of CRs lasting 20.5 months. The data from this pivotal trial led to
Food and Drug Administration (FDA) approval of this therapy in August 2011 for
the third-line management of cHL. This approval represents a landmark advance in
therapeutic options for cHL patients and is the first ADC to be approved for the
treatment of lymphoma [30]. Currently, brentuximab is being evaluated in a
randomized phase 3 trial at MD Anderson as a maintenance therapy after ASCT for
cHL patients who have a high risk of disease relapse.

Another method of targeting cHL is with use of histone deacetylases (HDAC),
since gene transcription is in part regulated by posttranscriptional histone
modification. Several HDAC inhibitors (HDACi’s) have shownefficacy. MGCDO0103
is a pill HDACi which in a phase 2 cHL trial demonstrated an ORR in the mid-30%
range, and correlative studies supported down-regulation of proteins expressed by
the RS cells [31]. Another oral HDACI], panobinostat, has shown similar efficacy in
aphase 2 cHL trial; it is being evaluated as a pre-ASCT salvage therapy in combina-
tion with ICE [32].

In addition to targeted therapies for patients with relapsed cHL after ASCT,
patients whose disease enters remission can also be considered for allogeneic stem
cell transplantation (allo-SCT). Historically, the role of allo-SCT in the manage-
ment of relapsed and refractory HL has been controversial. Published data in the
1980s and 1990s remain largely limited to registry series and retrospective historical
data from large transplantation centers, including MD Anderson [33]. The vast
majority of these patients were young and received transplants from related donors.
The consistent pattern that emerged from these reports painted a rather disappoint-
ing picture of high transplant-related mortality and relapse rates. This poor outcome
was likely a reflection of the nature and poor prognosis of the patients undergoing
transplantation, with the vast majority having been extensively pretreated and many
having chemoresistant or refractory disease. Still, a minority of patients, 15-20%,
did indeed achieve long-term remission.

To improve and expand on these results, the major new development in the
allo-SCT area from 2000 on has been the introduction in the field of allo-
transplantation of reduced-intensity conditioning (RIC) regimens, made possible
by fludarabine. Fludarabine, pioneered here at MD Anderson, is a purine analog
with significant immunosuppressive activity but little systemic or organ toxicity.
Fludarabine has been incorporated into the conditioning regimen for patients with
relapsed/refractory HL and is usually coupled with an alkylating agent (e.g.,
melphalan). In other studies, fludarabine was used with low-dose total body irradia-
tion. Although not entirely accurate, the term “mini transplant” has also been used
to designate this new development. Over the past decade, many published reports
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have confirmed the feasibility of this approach [34, 35], resulting in substantial
decreases in early-transplant-related mortality and in hospitalization duration. In
addition, patient outcome may be improved. This mini-transplant allows older HL
patients with comorbidities such as hypertension, diabetes, and poor cardiac or
pulmonary function, as well as patients whose disease relapses after ASCT, to
undergo the procedure. Moreover, the rapid evolution of human leukocyte antigen
typing techniques is allowing the identification of suitably matched unrelated donors
for many patients lacking a sibling donor.

Due to marked improvement in supportive care, as well as in the prevention and
treatment of graft-versus-host disease, RIC transplant results in these patients are
closely approaching the results achieved with related donors. Indeed, investigators
are now trying to identify high-risk refractory patients who are unlikely to benefit
from high-dose chemotherapy and ASCT for upfront treatment with allo-SCT.
Alternative donor transplants, using umbilical cord blood units as well as haploi-
dentical donors (i.e., partially matched related donors), have also shown promising
results in pilot trials [34].

Although these improvements have been encouraging, it should be acknowl-
edged that many hurdles remain. A prospective, randomized comparison between
conventional myeloablative and RIC regimens has not been carried out and is
unlikely to be finalized. Disease relapse remains a fairly common occurrence,
despite the use of allo-SCT, particularly if the patient is not in remission at the time
of transplantation. Although better controlled, graft-versus-host disease and infec-
tion continue to contribute significantly to the risk and toxicity of the procedure.
Results in older patients continue to leave significant room for improvement. The
optimal RIC regimen is still not well defined, and the addition of new and different
agents active in HL such as gemcitabine is being contemplated. More patients being
treated, better patient selection, longer follow-up, and more detailed analyses of the
data will ultimately better define the role of RIC allo-SCT in cHL.

Whereas patients with relapsed cHL receive intensive treatment, patients with
relapsed NLPHL often present with indolent disease at relapse and can receive more
conservative management approaches. The anti-CD20 antibody rituximab has been
evaluated for the treatment of relapsed NLPHL. Two studies presented in 2007—
2008 demonstrated a 100% ORR and CR of 40—-60% [36, 37]. In addition, patients
who received maintenance or extended rituximab had a higher CR of 88%; at
2.5 years of follow-up, only 12% of patients treated with maintenance rituximab
had experienced further progression of their NLPHL compared with 48% of patients
treated with a limited number of cycles of rituximab [37]. Transformation to diffuse
large B-cell lymphoma or T-cell-rich B-cell lymphoma also occurred at a rate of
14% after 6.5 years [17]. These patients are generally treated according to diffuse
large B-cell lymphoma and T-cell-rich B-cell lymphoma guidelines and can be con-
sidered for HDCT and ASCT. Overall, the rarity of the disease makes it difficult to
prospectively evaluate the role of ASCT for patients with relapsed or refractory
NLPHL. A 2009 review of MD Anderson patients described the outcomes of 26
patients who underwent HDCT plus ASCT, and after 4 years of follow-up, 69%
remain in remission [38].
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The MD Anderson Cancer Center Experience

The MD Anderson data set for HL was derived from the 6,513 patients who were
seen at MD Anderson between 1944 and 2004 (Table 21.2). Of this total group,
3,326 patients (51%) had received no prior treatment and were newly diagnosed at
the time of referral to MD Anderson. A total of 2,723 (81%) of the newly diagnosed
patients received definitive primary front-line treatment at MD Anderson.

The number of HL patients presenting by time interval (Table 21.3) is greatest
beginning in 1965, with only about 13% of the total patients being seen from 1944
to 1964. The histologic features of patients with HL seen (Table 21.4) mirror those

Table 21.2 Hodgkin lymphoma (HL) patients referred to MD Anderson,
1944-2004

Description No. of patients

Patients with HL initially presenting to MD Anderson 6,513
on or before 12/31/04

Newly diagnosed without prior treatment 3,326
Definitive primary MD Anderson treatment 2,723
No other primary malignancies except for superficial 2,445

skin cancers

Table 21.3 Initial presentation year of Hodgkin lymphoma patients at
MD Anderson (N=2,445)

Decade No. (%) of patients
1944-1954 54(2.2)
1955-1964 261 (10.7)
1965-1974 517 (21.1)
1975-1984 578 (23.6)
1985-1994 578 (23.6)
1995-2004 457 (18.7)

Table 21.4 Histologic features of Hodgkin lymphoma patients referred
to MD Anderson, 1944-2004*

Histologic feature % of patients
Classic Hodgkin lymphoma (cHL) 91.2
Nodular sclerosis (NS) 58.5
Mixed cellularity (MC) 30.3
Lymphocyte depleted (LD) 2.4
Nodular lymphocyte predominant Hodgkin’s lymphoma 54
(NLPHL)

“Diagnosis was unable to be further classified in 3.5% of patients
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Fig. 21.1 Overall survival rates for patients with Hodgkin lymphoma (1944-2004) (P <0.0001,

log-rank test for trend).

Table 21.5 Survival of Hodgkin lymphoma patients treated at MD Anderson, 1944-2004
Percent survival

Decade 5 years 10 years
1944-1954 27.8 18.5
1955-1964 39.8 26.6
1965-1974 63.3 54.2
1975-1984 78.2 71.9
1985-1994 89.7 83.8
1995-2004 91.7 86.5

of the general population in that the overwhelming majority of patients had cHL,
whereas only about 5% had pathologically confirmed diagnoses of the rarer NLPHL.
Within the cHL group, as anticipated, the most common subtype was NS, followed
by MC, with LD being diagnosed in only a small fraction of patients. In 3.5% of
patients, the diagnosis could not be further classified because of overlapping mor-
phologic or immunohistochemical findings between diagnoses of HL and NHL.
Since staging definitions have changed over the past several decades, detailed infor-
mation about patients’ stage of disease is not fully available from the MD Anderson
database. However, most patients with newly diagnosed disease who present to MD
Anderson have early-stage disease as similar to the general population.

The survival curves for patients with HL demonstrate significantly improved 5-
and 10-year outcomes for patients treated during the most recent decades compared
with those treated earlier (Fig. 21.1; Table 21.5). For instance, patients treated from
1995 to 2004 had very high 5- and 10-year survival rates of 91.7% and 86.5%,
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respectively, which showed a respective 64% and 68% improvement when
compared with patients treated from 1944 to 1954.

The dramatic impact of the development and advancement of frontline chemo-
therapy for cHL can be seen by the clear improvements in OS. Outcomes from 1944
to 1954 reflect a period when cHL was managed with surgery alone, and thus prog-
nosis was dismal. The addition of radiation treatment in the 1960s is reflected by an
increase in survival rates; however, approximately 75% of patients treated in this
decade still died within 10 years. This high mortality rate is a result of high relapse
rates after radiation treatment alone and the lack of further treatment options at that
time for relapsed disease beyond repeat irradiation. In addition, patients treated dur-
ing this period received very large irradiation fields that often encompassed nearly
the whole body, resulting in high rates of secondary cancers, coronary artery dis-
ease, and other complications that also affected survival.

Patients treated from 1975 to 1984 had a clear stepwise improvement in survival
compared with patients treated during the earlier two decades. The introduction of
the MOPP chemotherapy regimen for systemic management of cHL in the mid- to
late-1960s was a turning point. Long-term adverse effects from this regimen, however,
included the risks of developing myelodysplastic syndrome and acute myelogenous
leukemia. The Milan group both introduced ABVD and demonstrated that smaller
radiation fields through IFRT could have similar benefits as STNI with fewer
adverse effects. Positive data on ABVD, first published in 1975, supported findings
that ABVD was more effective and less toxic than MOPP. The incorporation of
ABVD into standard management was reflected by significant improvement in sur-
vival rates for patients treated from 1975 to 1984 when compared with both the
immediately preceding and early decades. A further stepwise enhancement in out-
come was seen between 1985 and 2004, as this is the period over which salvage
chemotherapy treatments were developed and expanded. Also during this time,
high-dose chemotherapy with ASCT became a standard treatment for patients with
relapsed disease. Beginning in 2000, additional treatments became available at MD
Anderson for patients with relapsed cHL disease after ASCT, including an increased
number of targeted treatment approaches on clinical protocols and the option for
allogeneic stem cell transplantation.

Current Management Approach

Our current management approach for newly diagnosed HL is tailored to the stage
of disease, and the assessment of risk factors is used to further stratify treatment
options for patients with cHL. Patients are assessed for protocol treatment options
when available. Patients with relapsed or refractory cHL are treated with additional
salvage chemotherapy, and those entering remission proceed with high-
dose chemotherapy and ASCT. Patients who do not experience remission with
salvage chemotherapy or those whose disease relapses after ASCT are evaluated for
treatment options that include the recently approved brentuximab vedotin treatment
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as well as targeted therapies on protocol; if they subsequently experience remission,
they can be further considered for allogeneic stem cell transplantation. Patients with
relapsed NLPHL have in general a more indolent disease course and are treated less
intensively. However, patients with relapsed NLPHL with transformation to diffuse
large B-cell lymphoma or T-cell-rich large B-cell lymphoma who previously
received R-CHOP are often treated with HDCT and ASCT.

Future improvements in survival outcomes are anticipated and will result from
evolving strategies in patient care. One such improvement includes the ability to
improve methods of risk assessment to better select the level of treatment needed,
thereby intensifying treatment for patients with predicted poorer outcomes and
de-escalating therapy for patients with favorable risk profiles. The GHSG HD 10
trial is an example of treatment de-escalation for cHL patients with favorable risk.
The SWOG 0816 is an example of intensification of therapy for patients with high
risk of developing refractory or relapsed cHL. The process of determining risk will
come from both clinical and tumor biology factors. A second evolving strategy in
patient care is the incorporation of novel targeted treatments into the frontline and
second-line setting, first with chemotherapy and eventually potentially paired with
each other. The rituximab-ABVD, brentuximab-ABVD, bortezomib-ICE, and
panobinostat-ICE MD Anderson trials are examples of this. A third future improve-
ment is the further use of tumor biology to develop rationally combined and eventu-
ally personalized combinations of targeted therapies such as combinations of the
anti-CD30 treatment brentuximab vedotin with drugs that target other pathways in
active in cHL. Fourth will be the further potential reduction of the radiation field
size through involved nodal rather than field radiation. Fifth is the refinement of
HDCT through the introduction of new regimens beyond standard BEAM; MD
Anderson’s evaluation of gemcitabine, busulfan, and melphan is an example of this.
Finally, although not in the near future, is the ultimate development of management
strategies tailored to target tumor biology, which could result in patients with newly
diagnosed relapsed cHL being treated in a less intensive fashion, using approaches
not based on chemotherapy or irradiation. Although not all strategies for future
management are obviously known, what is clear is the belief that the treatment of
HL will continue to advance as it has over the past 60 years.
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Chapter 22
Non-Hodgkin Indolent B-Cell Lymphoma

Sattva S. Neelapu

Introduction

Non-Hodgkin lymphomas (NHLs) are a diverse group of lymphoproliferative
neoplasms arising from lymphocytes that differ in terms of their morphology,
natural history, response to therapy, and prognosis. As a group, NHLs are the sixth
most common cancer in the USA, with an estimated 65,540 new cases diagnosed in
2010. They are also the sixth most common cause of cancer death in the USA, with
an estimated 20,210 deaths in 2010. Approximately 85% of NHLs are of B-cell
origin, and the remaining are T-cell malignancies. On the basis of their clinical
features and natural history, NHLs of B-cell origin may be broadly categorized as
either indolent or aggressive. Follicular lymphoma, the most common indolent
B-cell lymphoma, accounts for 22.1% of all NHL cases worldwide [1]. Other indo-
lent B-cell lymphomas include small lymphocytic lymphoma or chronic lympho-
cytic lymphoma (6.7% of all NHLs); marginal zone lymphomas, consisting of
extranodal marginal zone lymphoma (also called mucosa-associated lymphoid
tissue [MALT] lymphoma [7.6% of all NHLs]), nodal marginal zone lymphoma
(1.8% of all NHLSs), and splenic marginal zone lymphoma (<1% of all NHLs); and
lymphoplasmacytic lymphoma/Waldenstrom macroglobulinemia (1.2% of all
NHLs) [1]. This chapter focuses primarily on follicular lymphoma; the other indolent
B-cell lymphomas will be described briefly.

Follicular lymphoma is derived from germinal center B cells; histologically, they
are composed of a mixture of centrocytes (small cleaved cells) and centroblasts
(large noncleaved cells). Depending on the number of centroblasts per high-power
field (hpf), follicular lymphoma is graded in the current World Health Organization
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(WHO) classification [2] for NHL into grade 1 (0-5 centroblasts/hpf), grade 2 (6-15
centroblasts/hpf), and grade 3 (>15 centroblasts/hpf). Grade 3 follicular lymphoma
is further categorized into grade 3A (>15 centroblasts/hpf but with some centro-
cytes) and grade 3B (sheets of centroblasts without any centrocytes). Grades 1 and
2 follicular lymphoma are considered low-grade and are generally treated as indo-
lent lymphomas. In contrast, grade 3 follicular lymphoma is more aggressive, espe-
cially grade 3B, and will not be discussed in this chapter.

The median age at diagnosis for follicular lymphoma is 60 years. Follicular lym-
phoma is characterized by painless lymphadenopathy, relatively slow progression,
and a median survival of 8-10 years. Approximately 15% of patients with follicular
lymphoma present with stage I or II disease and may be potentially cured with
radiation therapy. However, most follicular lymphoma patients have advanced stage
IIT or IV disease at initial diagnosis and are considered incurable. Although some
patients have waxing and waning asymptomatic disease for several years without
the need for therapy, others present with more disseminated, rapidly growing dis-
ease and require treatment to alleviate symptoms. Although highly responsive to
chemotherapy, radiation therapy, and biologic therapy, advanced-stage follicular
lymphoma is characterized by repeated patterns of remissions and relapses, and
most patients eventually die of their lymphoma, despite its usually indolent course.
Follicular lymphoma may also transform into a higher-grade histologic subtype
such as diffuse large B-cell lymphoma; this occurs in 3% of patients each year.
Transformation may be characterized by a sudden increase in one lymph node mass,
elevated lactate dehydrogenase level, pain, or B symptoms and may portend a poor
prognosis.

The clinical features and natural history of other indolent B-cell lymphomas are
similar to those of follicular lymphoma and are characterized by asymptomatic
onset followed by slow progression to symptomatic disease, good response to
therapy, and repeated patterns of remissions and relapses. Extranodal marginal zone
lymphoma is more commonly localized at initial diagnosis and therefore may be
potentially cured with radiation therapy or other therapeutic strategies. In contrast,
nodal marginal zone lymphoma, splenic marginal zone lymphoma, lymphoplasma-
cytic lymphoma, and small lymphocytic lymphoma usually have disseminated dis-
ease at diagnosis and are considered incurable. However, as with follicular
lymphoma, because of the indolent nature of these diseases, patients have a long
median survival.

Historical Perspective

The classification and terminology for NHLs continued to evolve since the 1940s as
more was learned about the biology and natural history of these malignancies. Over
the past seven decades, several classification systems have been proposed by vari-
ous groups (Table 22.1) [2—4]. The early classification systems were based on
morphology, cell lineage, and/or clinical features of the lymphomas. In 1994, the
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Table 22.1 Major lymphoma classifications proposed since the 1940s

Classification Year Features used for classification

Gall and Mallory 1942 Morphology

Rappaport 1956 Morphology and pattern

Lukes and Collins 1974 Cell of origin

Kiel 1974 Morphology, cell of origin, and clinical

Working formulation 1982 Clinical prognosis and morphology

REAL [3] 1994 Morphology, immunophenotype, genetic, and clinical
WHO [4] 2001 Morphology, immunophenotype, genetic, and clinical
WHO update [2] 2008 Morphology, immunophenotype, genetic, and clinical

REAL Revised European-American Lymphoma, WHO World Health Organization

Revised European-American Lymphoma (REAL) classification system was proposed,
which was based on all available information about lymphomas, including their
immunophenotypic, genetic, morphologic, and clinical features [3]. The current
WHO classification, initially published in 2001 [4] and updated in 2008 [2], was
based on the foundations of the REAL classification and represents a consensus on
lymphoma classification that was developed from input from pathologists, clinical
hematologists, and oncologists from all over the world (Table 22.2) [2].
Historically, staging studies in NHL included a complete physical examination,
complete blood count, chemistry survey including renal and liver function tests,
chest radiography, bilateral iliac crest bone marrow aspirations and biopsy, and
imaging studies. Before computed tomography (CT) scans became available,
lymphadenopathy in the abdomen and pelvis was assessed by lymphangiography.
From the 1980s until the start of the 2000s, peripheral and central lymphadenopathy
was assessed by CT scans of the neck, chest, abdomen, and pelvis. Since the 2000s,
positron emission tomography (PET) scans have been used in patients with indolent
lymphoma if there is clinical suspicion of transformation to aggressive histology.
The Ann Arbor staging system [5], which was originally proposed for Hodgkin
lymphoma in 1971, has also been used to determine the clinical stage for NHL
(Table 22.3) [S]. However, despite the Ann Arbor staging system’s prognostic value
in Hodgkin lymphoma, likely due to the disease’s contiguous lymphatic spread, this
staging system has had limited usefulness in predicting prognosis in NHL, probably
because of the hematogenous spread seen in this disease. Therefore, other prognos-
tic indices have been developed to assess prognosis in NHL. In 1993, the International
Prognostic Index (IPI) was proposed to assess prognosis in diffuse large B-cell lym-
phoma [6]. The IPI was also used to assess prognosis in indolent lymphomas for a
number of years. However, the IPI categorized most follicular lymphoma patients
into low-risk or low-intermediate-risk groups, with only a small fraction of patients
identified as high-risk. Furthermore, other clinical features that had been found to
have prognostic value in follicular lymphoma were not included in the IPI. Therefore,
in 2004, the Follicular Lymphoma International Prognostic Index (FLIPI) was pro-
posed to assess prognosis in follicular lymphoma. This index divided patients into
three risk groups according to the number of adverse prognostic factors associated
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Table 22.2 WHO 2008 classification of mature B-cell non-Hodgkin lymphomas [2]

Chronic lymphocytic leukemia/small lymphocytic lymphoma
B-cell prolymphocytic leukemia
Splenic marginal zone lymphoma
Hairy cell leukemia
Splenic lymphoma/leukemia, unclassifiable
Splenic diffuse red pulp small B-cell lymphoma
Hairy cell leukemia-variant
Lymphoplasmacytic lymphoma/Waldenstrom macroglobulinemia
Heavy chain diseases
Alpha heavy chain disease
Gamma heavy chain disease
Mu heavy chain disease
Plasma cell myeloma
Solitary plasmacytoma of bone
Extraosseous plasmacytoma
Extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue (MALT) type
Nodal marginal zone lymphoma (MZL)
Pediatric type nodal MZL
Follicular lymphoma (grades 1, 2, 3A, and 3B)
Pediatric type follicular lymphoma
Primary cutaneous follicular center lymphoma
Mantle cell lymphoma
Diffuse large B-cell lymphoma (DLBCL), not otherwise specified
T-cell/histiocyte-rich DLBCL
Epstein—Barr virus (EBV)* DLBCL of the elderly
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma
Intravascular large B-cell lymphoma
Primary cutaneous DLBCL, leg type
ALK large B-cell lymphoma
Plasmablastic lymphoma
Large B-cell lymphoma arising in HHV8-associated multicentric Castleman disease
Primary effusion lymphoma
Burkitt lymphoma
B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and Burkitt
lymphoma
B-cell lymphoma, unclassifiable, with features intermediate between DLBCL and Hodgkin
lymphoma

with each patient (Table 22.4) [7]. The five adverse prognostic factors in FLIPI
include age >60 years, Ann Arbor stage III or IV, hemoglobin level <12 g/dL,
elevated serum lactate dehydrogenase level, and involvement of >5 nodal sites.
Indolent B-cell lymphomas were found to be highly sensitive to radiation therapy
in the 1930s. Indeed, involved-field radiation therapy has been the treatment of
choice for stage I and II follicular lymphoma and is probably curative in 40-50% of
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Table 22.3 Ann Arbor staging system [5]

Stage Definition
I Involvement of a single lymph node region or a single extranodal organ or site
I Involvement of two or more lymph node regions on the same side of the

diaphragm, or localized involvement of an extranodal organ or site and
one or more lymph node regions on the same side of the diaphragm

1 Involvement of lymph node regions on both sides of the diaphragm with or
without localized involvement of an extranodal organ or site or spleen or
both

v Diffuse or disseminated involvement of one or more distant extranodal organs

with or without involvement of lymph nodes

Definition of B symptoms: Fever >38°C, drenching night sweats, and/or weight loss >10% of body
weight in the preceding 6 months

Table 22.4 Survival according to risk group by Follicular Lymphoma International Prognostic
Index [7]

Overall survival rate Overall survival rate
Risk group No. of factors (5 years) (10 years)
Low 0-1 90.6 70.7
Intermediate 2 77.6 50.9
High >3 52.5 35.5

these patients [8, 9]. Advanced-stage follicular lymphoma is considered incurable
and has traditionally been observed without therapy if the patient is asymptomatic.
Symptomatic advanced disease was primarily treated with radiation therapy in the
1930s and 1940s. Subsequently, with the demonstrated clinical efficacy of alkylating
agents such as chlorambucil [10] in the 1950s and of cyclophosphamide [11] in the
1960s, chemotherapy became the treatment of choice for advanced-stage indolent
B-cell lymphomas. In the 1970s, combination chemotherapy with or without anthra-
cyclines [12, 13] was found to be more effective in inducing clinical remissions than
was single-agent chemotherapy and eventually became the first-choice therapy for
most patients. Biologic therapies such as interferon and monoclonal antibodies were
introduced either as single agents or in combination with chemotherapy in the 1980s
and 1990s. Other treatment modalities that became available in the 1990s or later
include radioimmunotherapy and stem cell transplantation.

The MD Anderson Cancer Center Experience

Of the 8,199 patients who presented to the MD Anderson Cancer Center between
1944 and 2004 with a diagnosis of indolent B-cell lymphoma, 4,533 were previously
untreated; of this group, 2,549 received definitive treatment at MD Anderson. Of these
2,549 patients, 1,962 had indolent B-cell lymphoma as the only site of malignancy
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Table 22.5 Patients with indolent B-cell lymphoma treated at MD Anderson between 1944 and
2004

Decade No. (%) of patients
1944-1954 58 (3.0)
1955-1964 217 (11.1)
1965-1974 317 (16.2)
1975-1984 410 (20.9)
1985-1994 433 (22.1)
1995-2004 527 (26.9)
Total 1,962 (100.0)

Table 22.6 Distribution by histologic features of 1,962 patients with indolent B-cell lymphoma
who were treated at MD Anderson between 1944 and 2004

Histologic feature No. (%) of patients
Follicular lymphoma, unspecified 521 (26.6)
Follicular lymphoma, small cleaved 533 (27.2)
Follicular lymphoma, mixed small and large cleaved 295 (15.0)

Small lymphocytic lymphoma 448 (22.8)

Diffuse well-differentiated lymphoma 94 (4.8)

Marginal zone lymphoma 42(2.1)

MALT lymphoma 19 (1.0)

Splenic B-cell lymphoma 7(0.4)
Monocytoid B-cell lymphoma 3(0.2)

MALT mucosa-associated lymphoid tissue

except for superficial skin cancers and were considered for survival analysis.
The total number of patients who presented to MD Anderson by decade is shown in
Table 22.5, and the distribution of these patients by histologic feature is shown in
Table 22.6. The patients were grouped into histological categories that were
commonly used in NHL classifications in the 1970s and 1980s. Therefore, some of
the patients may not have been grouped in the indolent lymphoma category per the
current WHO classification [2]. For example, diffuse lymphomas probably con-
sisted of several histologic features including those currently referred to as folli-
cular, small lymphocytic, lymphoplasmacytic, and mantle cell lymphoma according
to WHO classification. Furthermore, mantle cell lymphoma, a relatively aggressive
B-cell NHL, was not recognized as a distinct entity until the 1990s and was proba-
bly included in follicular, small lymphocytic, or diffuse lymphoma groups before
this period.

Survival rates were computed for all 1,962 patients with indolent B-cell lympho-
mas definitively treated at MD Anderson between 1944 and 2004 (Fig. 22.1).
Patients were not stratified by stage or histology. However, most of the patients had
follicular lymphoma (Table 22.6) and would have likely had advanced-stage disease
at initial presentation because of the nature of these lymphomas. The overall sur-
vival rates improved steadily over the past six decades, with 5-year survival rates
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Fig. 22.1 Overall survival rates for patients with non-Hodgkin indolent B-cell lymphoma who
were treated at MD Anderson between 1944 and 2004 (P <0.0001, log-rank test for trend).

Table 22.7 Five-year and ten-year survival rates for patients with indolent B-cell lymphoma who
were treated at MD Anderson between 1944 and 2004

Overall survival rate Overall survival rate

Decade (5 years) (10 years)
1944-1954 29.3 17.2

1955-1964 41.5 23.2

1965-1974 54.1 31.9

1975-1984 63.5 41

1985-1994 70.6 49.6

1995-2004 82.7 72.3

increasing from 29% to 83% and 10-year survival rates increasing from 17% to 72%
between 1944 and 2004 (Table 22.7). With the use of single-agent chemotherapies
in the 1950s and 1960s and of multiagent chemotherapy regimens including alkylat-
ing agents and anthracyclines in the 1970s for treatment of advanced disease,
survival rates almost doubled compared with 1940s rates, when radiation therapy
would have been the primary treatment modality for patients with both localized
and advanced disease. Interferon was used in multiple clinical trials at MD Anderson
in the 1980s as consolidation after standard combination chemotherapy and may
have provided further benefit [14]. The introduction of fludarabine, a highly active
drug in most indolent B-cell lymphomas in the early 1990s, offered additional
options for controlling these tumors when alkylating agents and anthracyclines
failed [15]. The significant improvement in survival observed in the late 1990s and
2000s was most likely due to the use of rituximab [16, 17]. Other therapeutic
strategies that may have contributed include radioimmunotherapy, autologous and
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non-myeloablative allogeneic stem cell transplantation [18], and improvements in
supportive care.

In addition, it is very likely that factors not associated with therapy may have
played a role in improving survival duration in the late 1990s. For example, mantle
cell lymphoma, a B-cell lymphoma associated with a median survival of only
3 years in the 1990s, was defined as a distinct entity in the REAL classification in
1994 [3] and was excluded from the indolent B-cell lymphoma category after 1994.
Another factor that may have improved survival duration in the late 1990s was
increased awareness of the symptoms and signs of lymphoma; by this time, patients
may have started seeking medical attention sooner, leading to diagnoses being made
at earlier stages of the natural history of these indolent lymphomas, giving a lead-
time effect. The increased use of imaging studies for various medical conditions and
biopsies of incidental lymphadenopathy detected in the abdomen and pelvis, which
otherwise would not have caused symptoms for several years, may also have led to
diagnoses at earlier stages of the natural history of these indolent lymphomas in
some patients. Although these non-therapy-related factors may have contributed to
improvement in survival in the past two decades, the major reason was likely the use
of rituximab. In randomized studies, rituximab administered in combination with
chemotherapy was shown to improve overall and complete response rates, molecu-
lar remission rates, progression-free survival, and overall survival, compared with
use of chemotherapy alone [19, 20].

In summary, the development of multiple chemotherapeutic and biologic ther-
apeutic agents over the past six decades has markedly expanded the therapeutic
armamentarium available to treat patients with indolent B-cell lymphomas. Until
the 1990s, most patients with follicular lymphoma received an average of three
systemic therapies during the course of their disease. With the availability of a
larger therapeutic armamentarium and because of improvements in supportive
care, patients with indolent B-cell lymphomas now have the option of receiving
ten or more effective systemic therapies that can induce durable remissions even
after multiple relapses. This has translated into a survival benefit, with the current
median survival for patients treated at MD Anderson much longer than 10 years
(Table 22.7).

Current Management Approach

Currently, our initial staging evaluations for patients with a diagnosis of indolent
B-cell lymphoma include a complete physical examination, complete blood count
with differential, chemical survey including renal and liver function tests, lactate
dehydrogenase, beta-2-microglobulin, CT scans of the neck, chest, abdomen, and
pelvis, and bilateral bone marrow biopsies and unilateral aspirate. A PET scan is
performed in patients with suspected transformation to guide in choosing a biopsy
site. Participation in a clinical trial is encouraged at all stages of disease at initial
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presentation and at the time of relapse. Outside of a clinical trial, patients presenting
with stages I or II follicular lymphoma, grade 1 or 2, are treated with involved-field
radiation therapy with or without rituximab-based chemotherapy. Stage III and IV
patients with low-volume disease and who are asymptomatic may be observed with-
out therapy or treated with single-agent rituximab therapy. Patients with bulky and/
or symptomatic advanced disease are usually treated with rituximab-based chemo-
therapy. However, elderly patients or patients with multiple comorbid illnesses may
be treated with single-agent rituximab therapy. Myelotoxic agents such as fludarabine
that may impair the collection of stem cells are avoided if the patient is a potential
candidate for autologous stem cell transplantation in the future.

All relapses are confirmed by a biopsy. Treatment decision for relapsed disease
is individualized and is based on age, nature of prior therapy, number of prior
therapies, duration of remission after prior therapy, comorbid illnesses, tumor
bulk, and symptoms. Late relapses, asymptomatic relapses, or relapses with low-
tumor volume may be observed or treated with single-agent rituximab therapy.
Younger patients whose disease relapses early after prior therapy or patients with
multiple prior therapies are considered for salvage therapy followed by consolida-
tion with stem cell transplantation. If a matched donor is available, non-myeloablative
allogeneic stem cell transplantation is recommended. If there is no matched donor,
patients are considered for consolidation with high-dose chemotherapy with
autologous stem cell transplantation. Maintenance rituximab therapy is usually
recommended after induction therapy, both at initial presentation and at the time
of relapse.

In conclusion, complete remission can be induced in most patients with follicular
lymphoma with use of current therapies at initial presentation and at relapse.
However, most patients experience recurrent relapses and eventually die of their
disease. Rituximab-based therapies improve complete remission rates, progression-
free survival, and overall survival in follicular lymphoma, but they do not appear to
be curative [19, 20]. Therefore, novel therapeutic strategies that eradicate minimal
residual disease are needed to further improve clinical outcome in these patients.
Ideally, strategies used to eradicate minimal residual disease should have a different
mechanism of action and target different molecules than do agents used in induction
therapy since the residual tumor cells are likely to be resistant to the induction
therapy agents.

Ongoing research over the past decade has led to a better understanding of the
biology of these tumors and has identified targets for development of novel thera-
pies such as monoclonal antibodies, vaccines, immunomodulatory drugs, and
small-molecule inhibitors against vital signaling pathways in the tumor. In the
future, these therapeutic agents may provide novel options to eradicate minimal
residual disease and to control these lymphomas at relapse. It is possible that the
combined use of these novel agents with current therapies may lead to a cure for
lymphomas or alternatively, convert these diseases into chronic illnesses so that
patients can live with a reasonably good quality of life, even if they cannot be cured
of their lymphoma.
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Chapter 23
Non-Hodgkin Aggressive B-Cell Lymphoma

M. Alma Rodriguez

Introduction

Advances in biology during the twentieth century have led us to a better understanding
of the nature of lymphomas. We now recognize that what was called “lymphosar-
coma” 100 years ago is not a sarcoma, but a complex group of malignancies of
lymphoid cells that arise at various stages of cell differentiation. Our immune
system includes lymphoid cells and the lymphatic network. Lymphomas thus are
cancers of our immune system that arise as a result of unique genetic events that
lead to various subtypes of lymphomas that can manifest with very different clinical
behaviors and outcomes.

Historically, the lymphomas have been stratified into two broad categories: non-
Hodgkin lymphomas (NHLs) and Hodgkin lymphomas (HLs). The NHLs were dif-
ferentiated from HLs at the turn of the twentieth century with recognition of the
unique cells (Reed—Sternberg cells) that characterize the latter. Over the past few
decades, medical advances and research have led to enhanced diagnostic capabili-
ties and treatments for patients with NHLs, as well as antitumor drug therapies and
combination chemotherapies that have been responsible for significant and steady
improvements in survival for these patients. In this chapter, we will review the
salient clinical innovations made at MD Anderson Cancer Center that contributed to
these advances.
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Epidemiology and Patient Demographics

Lymphomas are cancers that present most commonly in adults. There is a moderate
predominance of males over females in the incidence of NHL, about 1.5:1 in most
studies, which has persisted for many years. In the USA, there is a higher incidence
among Caucasians than among other racial subgroups. The overall incidence of
NHL is increasing steadily, although the underlying cause for this trend is not clear.
Significant increases in incidence occurred between 1970 and 1995, some of which
may have been attributable to the emergence of HIV/AIDS-related lymphomas.
These increases in NHL incidence have abated since the late 1990s, yet the overall
lymphoma incidence continues to climb. Thus, NHL remains a significant and
growing cause of morbidity and mortality. The American Cancer Society estimated
that 65,540 new cases of NHL would be diagnosed in 2010 and that 20,210 people
would die of this disease [1]. About 55-60% of NHL cases are categorized as
“aggressive” lymphomas, and 85-90% of these are of B-cell origin [2].

Advances in Diagnosis and Classification of Lymphomas

Knowledge about the histology, genetics, and behavior of NHL variants has arisen
in the past few decades, as have attempts to classify them. Both of these facts make
analysis and discussion of NHL necessarily complex. Once thought to be a single
disease, we now know that NHL is a heterogeneous group of malignancies with
multiple known subtypes. Although the World Health Organization (WHO)
classification system currently recognizes more than 30 distinct subtypes of NHL
[3], attempts to classify the subtypes of this disease have been ongoing since the
1940s. In the 1950s and 1960s, Rappaport and Rye categorized the few known
subtypes pathologically by cell morphology and lymph node histology. The
classification systems of the 1970s recognized new variants, which correlated with
a new understanding of the immune system and recognition of cell origins (Lukes
and Collins classification). In the 1980s, a classification system was developed that
attempted to acknowledge patterns with clinical, rather than just pathologic,
relevance. Three broad categories emerged from this system: low-, intermediate-,
and high-grade disease. These became the backbone of the 1982 International
Working Formulation (IWF), an NCI initiative that attempted to synthesize
classifications from various systems [4].

Since the advent of the IWF, there have been more refinements in how we view
lymphomas, due in large measure to a growing knowledge of the complexity of the
lymphatic system and of the ways in which cell lineages within B and T cells
interact to maintain immunity. Furthermore, it became evident that unique molec-
ular and genetic events correlate with categories of lymphoma. These newly appre-
ciated complexities led to increasingly sophisticated (and complex) classifications,
most notably the REAL and WHO classification systems, which acknowledged
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Table 23.1 Ann Arbor staging system

Stage Definition
I Involvement of a single lymph node region or a single extranodal organ or site
1I Involvement of two or more lymph node regions on the same side of the

diaphragm, or localized involvement of an extranodal organ or site and one or
more lymph node regions on the same side of the diaphragm

1 Involvement of lymph node regions on both sides of the diaphragm with or
without localized involvement of an extranodal organ or site or spleen or both
v Diffuse or disseminated involvement of one or more distant extranodal organs

with or without involvement of lymph nodes

Definition of B symptoms: Fever >38 °C, drenching night sweats, and/or weight loss >10% of
body weight in the preceding 6 months

immunophenotypic, genetic, molecular, and some clinical characteristics [3, 5].
Dr. Sattva Neelapu summarizes the classification systems in Tables 22.1 and 22.2 of
Chap. 22, “Non-Hodgkin Indolent B-Cell Lymphoma.”

“Aggressive’”’ NHL Defined

Clinically, a useful way to look at NHL includes its natural history:

e [Indolent: Indolent lymphomas are slow-growing and are usually not imminently
life-threatening; their clinical course may be stable and not require immediate
treatment. Paradoxically, these are less amenable to cure than are more aggres-
sive variants. The indolent lymphomas are discussed by Dr. Sattva Neelapu in
Chap. 22.

o Aggressive: Aggressive lymphomas require treatment within a short period after
presentation; if the illness is not treated, the clinical course will progress and will
be fatal. A significant proportion of NHL cases can be cured, but survival outcome
can be influenced by a number of critical biological and clinical factors [2]. The
first clinical characteristic known to be of significance was the stage of the disease
[6] (Table 23.1). A later model of risk, called the International Prognostic Index,
included the lymphoma stage and added four other factors: age; whether multiple
extranodal sites of involvement are present; the overall performance status of the
individual; and the lactic dehydrogenase serum level [7] (Table 23.2).

MD Anderson Cancer Center Experience

Because of the evolving nature of classification in lymphoma diagnostic categories
across a span of 60 years, it is difficult to absolutely stratify identical categories as
aggressive. However, we mapped the historically described correlation of clinical
behavior to categories of lymphomas in each of the major periods of pathologic
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Table 23.2 Survival % at 5 years by International Prognostic
Index (IPI) score

Each of the following risk factors constitutes 1 IPI score point

Age >60 years

Serum LDH > Upper normal limit
Performance status >2 (by ECOG criteria)
Extranodal disease >1 site

Ann Arbor stage I or IV

Survival % at 5 years by IPI score

IPI score S-year survival (%)
0-1 73

2 51

3 43

4-5 26

ECOG Eastern Cooperative Oncology Group, LDH lactic
dehydrogenase

classification. Thus, we included the large cell histologies from the older classification
systems. From the IWF, we included all of the subtypes in the intermediate- and
high-grade categories, but excluded lymphoblastic lymphoma. From the REAL and
WHO classification systems, we included the mantle cell subtypes, all large B-cell
subtypes, follicular lymphoma grade 3B, Burkitt-like lymphomas, and high-grade
B-cell lymphomas otherwise not classified. Because the most common subtype of
aggressive lymphoma (diffuse large cell) is predominantly of B-cell origin and the
next most common subtype (mantle cell) is always of B-cell origin, we described
our analysis as most relevant to aggressive B-cell disorders. However, we acknowl-
edge that before 1980 there was no consistent classification that addressed the
immunohistologic identity of the T-cell or NK-cell lymphomas. Retrospectively,
however, we know that the percentage of lymphomas that are not of B-cell origin
constitute at most 15% of the total and so were included among the other lympho-
mas in the decades before standardized immunohistology.

Our data set was derived from a population of 10,003 patients who presented
with the above-noted histologies at our institution between 1944 and 2004
(Table 23.3). Adding to the complexity of any analysis of NHL outcome is the fact
that a certain percentage of patients present with a history of prior malignancy. For
this discussion, we excluded patients who had received previous treatment, those
treated elsewhere, and those who had additional primary cancers, resulting in 3,271
patients who were treated at MD Anderson for these lymphomas. Of these, most
had diffuse large cell lymphoma (73%), followed by mantle cell lymphoma (13%)
(consisting of the histology categories of mantle cell +diffuse small and intermedi-
ate cleaved cell), follicular large cell (6%) and high-grade lymphomas (high-grade
B-cell lymphomas +diffuse small non-cleaved cell (6%), and other histologies (2%)
(Table 23.4).
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Table 23.3 Patients with aggressive non-Hodgkin lymphoma presenting at MD
Anderson Cancer Center between 1944 and 2004

Patient characteristics No. of patients
Total number 10,003
No previous treatment 5,151
Definitive MD Anderson treatment 3,969
No other primaries except superficial skin cancers 3,271

Table 23.4 Aggressive lymphoma histologies in Tumor Registry, 1944-2004

Histologies Number (%)
Diffuse large cell 2,380 (73)
Follicular large cell/follicular grade 3b 194 (6)
Mantle cell/diffuse small and intermediate cleaved cell 425 (13)
High-grade B-cell/diffuse small non-cleaved cell 190 (6)
Diffuse mixed cell lymphoma/other histologies 82 (2)

Total 3,271 (100)

Survival Trends of Patients with Aggressive Lymphomas

The increase in overall survival for patients with aggressive lymphomas is notable
not only for its continuous positive trend over the 60-year time frame (Fig. 23.1),
but also for the dramatic survival improvements seen during certain time frames, in
particular between 1965 and 1985 and again between 1995 and 2004 (Table 23.5).
The overall trend can be attributed to the continuous advances and refinements in
the use of chemotherapy and the development of new therapeutic agents. The more
dramatic jumps can be attributed to a number of significant breakthroughs and mile-
stones, including the advent of combination chemotherapies, bone marrow stem cell
transplantation, second-line combinations for salvage in relapsed disease, and
specific cell surface antigens that have led to targeted treatments. The application
and innovation of these advances at MD Anderson Cancer Center are discussed in
the following sections.

Advances in Frontline Chemotherapy

Combination Chemotherapy

The idea of using a chemotherapeutic approach in the treatment of cancers has a
long history. William Osler’s 1894 Textbook of Medicine referred to Fowler’s
Solution (an arsenic compound) for the treatment of lymphosarcomas. But it was
not until after World War II that research gave us nitrogen mustard, a compound that
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Fig. 23.1 Overall survival rates for patients with non-Hodgkin aggressive B-cell lymphoma who
were treated at MD Anderson between 1944 and 2004 (P<0.0001, log-rank test for trend). The
salient developments that influenced survival outcomes of aggressive lymphomas were as follows:
1960s—1970s: Introduction of doxorubicin, etoposide, and other novel chemotherapy agents into
frontline combination regimens for advanced-stage disease, and combined-modality therapy
(chemoradiation) for early-stage disease. 1980s: Development of second-line salvage regimens for
recurrent disease, introduction of autologous stem cell transplants, and biologic identification of
subtypes of lymphomas. 1990s: Hematopoietic growth factor support agents that allowed more
intense dose chemotherapy in frontline treatment as well as autologous stem cell transplantation as
consolidation for salvage treatments. Late 1990s—2000: Rituximab, a targeted immunotherapeutic
agent against B cells, was combined with chemotherapy.

Table 23.5 Percent survival by decade

Percent survival

Decade 5 years 10 years
1944-1954 13.3 6.7
1955-1964 139 6.7
1965-1974 234 16.2
1975-1984 41.0 33.0
1985-1994 47.9 37.0
1995-2004 63.8 57.5

was proven effective in Hodgkin lymphoma. Other effective agents soon followed,
including other alkylating agents and vinca alkaloids, antitumor antibiotics such as
doxorubicin, epipodophyllotoxins such as etoposide, and multiple regimens for
combination therapies. Thus, cancer chemotherapy was established in the latter part
of the twentieth century, and the specialty of medical oncology was born.
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The first chemotherapy combination to prove effective in treating aggressive
lymphomas was CHOP (cyclophosphamide, 750 mg/m? intravenously [I[V] on day
1; hydroxydaunomycin [doxorubicin], 50 mg/m? IV on day 1; vincristine [Oncovin],
1.4 mg/m? IV on day 1, not to exceed 2 mg total; and prednisone, 100 mg by mouth
daily on days 1-5). Clinical studies by Jeffrey A. Gottlieb at MD Anderson and his
colleagues were a significant milestone in the introduction of the then novel drug
doxorubicin in the treatment of aggressive lymphomas [8, 9]. The initial phase II
protocol of the CHOP regimen designed by Dr. Gottlieb resulted in complete remis-
sions of large cell lymphomas, even in advanced Ann Arbor stage III-IV disease
(Table 23.1). From that point forward, the design of all future frontline regimens for
aggressive lymphomas included doxorubicin. A subsequent trial by the Southwest
Oncology Group (SWOG) confirmed a significant long-term survival benefit for
this regimen in the treatment of advanced-stage large cell lymphomas. Thus, the
CHOP regimen became the international gold standard in the frontline treatment of
large cell lymphomas and has remained so until the early part of the present century,
despite the interim development of numerous other regimens, none of which proved
superior to CHOP in randomized trials [10].

Synergy of Immunotherapy and Chemotherapy

The next major advance in the frontline treatment of large cell lymphoma did not
arrive until more than 20 years after the design of CHOP and was due to more specific
knowledge of the biologic characteristics of B-cell lymphomas. The recognition of
unique cell surface complex molecules on B cells, such as the CD-20 antigen, led to
the development of agents that could specifically target those molecular antigens
with the intent of activating the body’s own immune response against the lymphoma.
The most notable agent in this category of treatments has been rituximab, a monoclo-
nal antibody that targets the CD-20 B-cell surface antigen complex. It was initially
tested in indolent NHL, in a large clinical multi-institutional phase II trial led by
Peter McLaughlin, a colleague at our institution. This trial led to FDA approval of
this immunotherapeutic agent in 1997 for use in indolent relapsed B-cell lympho-
mas, but it was promptly integrated into therapy for aggressive B-cell lymphomas in
multiple trials. A randomized trial was conducted in Europe by the French coopera-
tive GELA group, in which the addition of rituximab to CHOP (RCHOP) was com-
pared with CHOP. The results demonstrated a statistically superior response and
overall survival for the patients with large B-cell lymphoma who were treated with
RCHOP compared with those who received CHOP [11]. These results were evident
across low- and high-risk International Prognostic Index categories (Table 23.2) and
have been confirmed by other trials. Thus, RCHOP has become the new international
standard for the treatment of large B-cell lymphomas.
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Radiation Therapy and Its Role in Large Cell Lymphoma

Before the development of effective chemotherapy regimens, early-stage (localized)
aggressive NHL (stages I and II) was historically treated with radiation therapy (RT)
alone. Although many studies were undertaken to improve on results by adjusting
radiation dosages and field coverage, it was the addition of combination chemo-
therapy to RT regimens that improved outcome most dramatically. CHOP was inte-
grated with RT in collaborative trials at MD Anderson for limited-stage large cell
lymphoma, with favorable and sustained long-term remissions [12].

To date, four randomized trials have been conducted in early-stage aggressive
NHL, all before anti-CD-20 rituximab therapy was incorporated into CHOP chemo-
therapy. The most well known in the USA is the SWOG study in which eight cycles
of CHOP were compared with three cycles of CHOP followed by involved-field RT
(40-55 Gy) in limited-stage (I/IT) diffuse large B-cell lymphoma. The combined-
modality arm, versus the CHOP-only arm, achieved superior overall survival [13].
Thus, combined-modality therapy (chemotherapy plus radiation) remains the stan-
dard approach for localized-stage large cell lymphoma. A retrospective case-
controlled analysis conducted in patients treated with RCHOP plus RT at our
institution, compared with control patients who received RCHOP but not RT, sug-
gested that RT combined with RCHOP is beneficial [14]. However, randomized
trials comparing RCHOP with and without RT should be conducted to address the
two most pressing unresolved issues—the benefit of RT when patients are in
complete remission after RCHOP chemotherapy, and the optimal number of che-
motherapy cycles when RCHOP is combined with RT.

Intensified-Dose Chemotherapy

Another significant development in the treatment of aggressive lymphomas at MD
Anderson Cancer Center was seen when intensified-dose chemotherapy regimens
were used to treat adult lymphomas. The increased sophistication of pathologic
diagnoses that included immunohistochemical analyses, as well as cytogenetic and
molecular genetic studies, led to the recognition of a new entity called mantle cell
lymphoma in the 1980s. Mantle cell lymphoma is aggressive, and survival rates
have been poor with CHOP treatment. An intense-dose combination regimen known
as HyperCVAD had been developed by Sharon Murphy and her colleagues at
another institution to treat childhood lymphoblastic leukemias. Hagop Kantarjian
and colleagues at our institution pioneered the application of the HyperCVAD regi-
men to treat adult lymphoblastic and Burkitt lymphomas, with results in adults as
favorable as those in children [15]. Using the same HyperCVAD regimen as front-
line treatment, followed by consolidation with autologous stem cell transplantation,
Issa Khouri, Jorge Romaguera, and their colleagues at our institution demonstrated
long-term survival benefits in young patients with mantle cell lymphomas who
received this intensive treatment approach [16].
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With the reported benefit of combining rituximab with CHOP in large cell
lymphomas, the HyperCVAD regimen for mantle cell lymphoma was similarly
combined with rituximab (RHCVAD), showing similar synergy of chemotherapy
and immunotherapy as that observed in large cell lymphoma. The treatment of man-
tle cell lymphoma continues to evolve today, with the development and approval of
a new class of targeted drugs, the proteosome inhibitors, to treat this disease. The
most well studied of the drugs in this class is bortezomib, which in combination
with RHCVAD is currently being evaluated in frontline trials.

Advances in Salvage Treatment

Alternative Combinations After CHOP

A series of lymphoma trials in the 1980s and 1990s at MD Anderson Cancer Center,
led by Fernando Cabanillas, William Velasquez, and colleagues, confirmed that
using different categories of drugs in second-line therapy after CHOP could lead to
response and salvage in recurrent large cell lymphoma. The concept behind these
trials was that although the malignant cells might have become resistant to the che-
motherapy drugs in the frontline regimen, second-line exposure to drugs of different
classes could lead to non-cross-resistant tumor response. Before the development of
salvage regimens, a recurrence of large cell lymphoma or a refractory (not respon-
sive) case of large cell lymphoma treated with CHOP meant certain death. Today,
there are a number of salvage (second-line) regimens in use that were derived from
the seminal work of these pioneers, including cytarabine and cisplatinum combina-
tions (DHAP, ESHAP, and ASHAP) and ifosfamide and etoposide combinations
(IE, MINE, and MIME) [17, 18]. These trials were very critical to the further devel-
opment of the present-day treatment strategies for recurrent/refractory disease (such
as the regimen ICE).

Autologous Stem Cell Transplant Consolidation

In the 1980s, another critical new treatment concept was born with the introduction
of autologous stem cell transplantation to overcome the limitations of high-dose
chemotherapy. The use of autologous stem cell transplants in lymphomas was intro-
duced at MD Anderson by Karel Dicke and Gary Spitzer. Phase II studies showed
that this method (high-dose chemotherapy consolidation with stem cell rescue post-
salvage treatment for relapse) could lead to durable remissions and survival in
patients with relapsed large cell lymphoma [19]. These seminal phase II studies
were followed by a large international collaborative randomized trial, the PARMA
study. The results of this trial demonstrated that patients with large cell lymphoma
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who responded to second-line chemotherapy had improved survival when this
response was consolidated with autologous stem cell transplantation [20]. Thus,
autologous stem cell transplant consolidation after response to second-line salvage
became the standard of care for aggressive lymphomas.

Advances in Supportive Care

Improvements in supportive care have contributed in a significant way to cancer
therapy outcomes by reducing the adverse effects of treatment. The supportive man-
agement of neutropenia with hematopoietic growth factors to stimulate recovery of
neutrophils is critical to the treatment of lymphomas, in particular for patients
receiving more intense chemotherapy regimens as well as salvage regimens and
stem cell transplants. These agents decrease early mortality due to infections in
patients undergoing chemotherapy [21]. Also important is the consultative expertise
of infectious disease specialists who focus on cancer-related infectious complica-
tions and the appropriate antibiotic management for febril