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Abstract

This review reflects the trajectory of my career in hematopathology, and my
personal reflections on scientific advances in the field. During the course of
more than 40 years, the approach to classification of hematological malig-
nancies has evolved from descriptive approaches, based on either cytological
or clinical features, to a modern approach, which incorporates cutting-edge
technologies. My philosophy has focused on defining individual diseases, an
approach that can best lead to an understanding of molecular pathogenesis.
To quote Carolus Linnaeus (1, p. 19), the father of taxonomy, “The first step
in wisdom is to know the things themselves; this notion consists in having a
true idea of the objects; objects are distinguished and known by classifying
them methodically and giving them appropriate names. Therefore, classifi-
cation and name-giving will be the foundation of our science.”
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EARLY ROOTS

My parents were both immigrants to the United States, born in shtetls (villages) in what is now
the Ukraine. My father was born in Steblov, and my mother in Ryzhanovka. My father’s father,
who was a cantor, came to the United States in 1914 with his two oldest children, and he expected
the rest of the family to follow once he was settled. Cousins who already lived in New York
facilitated their arrival. However, World War I delayed the departure of the rest of the family,
which included my father, his three younger siblings, and his mother. For the next seven years,
my father was the man of the house. He was a strong figure, and being the head of the household
probably helped to mold his personality. My father arrived in the United States at age 16 and
immediately went to work as an apprentice in the diamond trade. He worked his way up in the
business, eventually establishing his own firm in New York’s diamond district on 47th Street.
His company manufactured diamond jewelry, which was sold to jewelry stores around the United
States by salesmen in five territories. My father started a second business as a diamond trader,
dealing in loose stones. As a child, I was fascinated to see him open little tissue paper packets, often
containing dozens of glimmering stones. My father’s two brothers became employees of his firm,
and when two of his sisters married, their husbands came to work for him as well, which provides
evidence of my father’s forceful leadership skills.

My father never attended school in the United States, and he never lost his eastern European
accent. He had a sharp mind and was a shrewd business man but always felt he had something to
prove. He was helped in the business by my mother. My mother arrived in the United States at age
9 and was placed in first grade. She did not know a word of English, but she rapidly progressed.
Her uncle, who was born here, tutored her in English. She strived to lose every trace of accent. My
mother finished high school with high marks, but this was the early 1930s, during the Depression,
and college was not an option. She got a job in the Equitable Life Insurance Company. According
to my mother, they did not hire Jews at the time, but with her bright red hair, green eyes, and last
name (Shane), she convinced them she was Irish. She stayed at Equitable until she married my
father in 1935. For the next 52 years, she was his right-hand “man,” playing a key role in managing
the business. After my father died in 1987, she obtained membership in the New York Diamond
Dealers Club in her own right, one of only a few women who were members. She was very proud
of her membership card and her ability to wheel and deal with the men.

My parents were typical of many immigrant families in their drive to succeed in their new
homeland. Our house was always the center for extended family events and gatherings. Political
events and intense debate dominated conversations. My older sister, Louise, eight years ahead
of me in school, headed off to Cornell where she majored in government, graduating Phi Beta
Kappa in 1957. However, she married soon after and did not return to work until some years later.
I eagerly followed my sister to attend Cornell, but I was determined that I would follow a different
career path. I registered as a premedical student and selected zoology as my major.

EARLY STEPS

Although it would be convenient to say that I always knew that hematopathology would be my
life’s work, my career has been characterized by serendipity and being in the right place at the
right time. Nevertheless, I cannot imagine another career path in medicine besides pathology. As
second-year medical students at Cornell University Medical College, we had a year-long course
in pathology. It formed the basis for the subsequent clinical years, and I feel that I acquired most
of my knowledge of clinical medicine in that course. In fact, I have some objective proof for
that statement. When we were rising third-year medical students, a group of us were asked to
take Part 3 of the National Board Examination (now the USMLE 3). The National Board of
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Medical Examiners wanted to compare the knowledge base of second-year students with medical
school graduates at the end of their first postgraduate year (PGY-I). I confess that I performed
better on the exam at the end of my second year than I did at the completion of my PGY-I in
pathology—although I did readily pass the exam both times.

I saw pathology as laying the groundwork for the understanding of all disease states. Looking at
a microscopic slide of diseased tissue provides a wealth of information regarding the pathogenesis
and pathophysiology of disease. Pathologists are very visual in their approach, and many pursue art
or photography as hobbies. Most are adept at recognizing faces or images as well as discerning the
varied microscopic patterns that inform us about the diagnosis and the underlying pathobiology.
An astute pathologist can detect many facets of the patient’s history and course from a single slide,
such as the age, sex, clinical symptoms, sites of disease, and patterns of spread. To me, the power
of the visual microscopic image is probably greater than the power of a gene expression microarray
reporting on the activity of thousands of genes. In pathology, the disease process came alive for
me—providing insight and also raising questions for future discovery. In my subsequent research
career, most of my investigations have begun with a diagnostic case that presented enigmas that
needed to be answered.

At Cornell, we had the usual series of lectures, which took us through all of the various organ
systems. Most of these were not very memorable. However, I had the good fortune to be in a lab
group that was directed by two eager pathology residents who were destined to pursue careers in
academic medicine and were excited about teaching. Dr. Janet Mouradian completed her pathology
residency at Cornell and stayed on as a staff surgical pathologist, ultimately becoming Director of
Surgical Pathology at New York Hospital. Dr. Daniel Alonso also stayed on at Cornell, eventually
becoming Dean of Students. He continued his career in administration, becoming the founding
Dean of Cornell Medicine in Qatar, the first American medical school to be set up overseas.

I left Cornell at the end of my second year, in 1967, and transferred to the University of
Pennsylvania, School of Medicine. I had met my future husband, Michael Evan Jaffe, when he was
a law student at Columbia University in New York, across town from Cornell. He was accepted
for a federal clerkship with the Federal District Court of Delaware, clerking for the Honorable
Caleb Layton. The clerkship was an important stepping stone in my husband’s career, and it also
offered him an important deferment of military service during the Vietnam War. We married in
July 1967, and I continued my studies in Philadelphia.

As a married student, I lived off campus. I went through all of the usual clinical rotations,
working mostly with students in my alphabet group, last names beginning with J, K, and L.
There were six women in my class at the University of Pennsylvania; there had been five of us at
Cornell. Especially at Cornell, we women bonded as a peer group, offering support, friendship,
and encouragement. At Penn, the administration was not always sure how to manage us as women.
During my third-year internal medicine rotation, students were expected to take call in the hospital
every third night. However, they did not think it proper for women to sleep in the same on-call
room as men slept, so, usually around 11 PM, they sent me home to my apartment off campus and
asked me to return in the morning for blood-drawing rounds.

Blood-drawing rounds provided another pivotal experience. Third-year students made the
rounds of the inpatients each morning, drawing blood for subsequent laboratory studies. I recall
vividly one elderly woman with thin, delicate veins, who was a particular challenge for me. When I
would enter her room, she would exclaim, “Oh no, not you again; get me a real doctor.” Truthfully,
she had a right to complain. I was not very good at drawing blood or in dealing with patients. I
began to realize that my strengths did not lie at the bedside.

As my fourth year approached, my husband’s clerkship was coming to an end. He had secured
a second clerkship with the Honorable Collins J. Seitz, in which he would divide his time between
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the Federal District Court and the US Court of Appeals for the Third Circuit. Again, this was a
superb professional opportunity, but unfortunately, a deferment was not part of the package. My
husband had several choices: (a) enlist as an officer in the Navy with a four-year commitment,
(b) take his chances with the draft, or (c) select Door Number Three by obtaining a 3A deferment
as a father. We took Door Number Three, and on September 11, 1968, I gave birth to Gregory
Merrill Jaffe. (Our second son, Caleb Adam Jaffe, was born during my residency in 1972.) I
returned to my clinical rotations as a fourth-year student 3.5 weeks later. As a fourth-year, I had
great flexibility in my rotations; nearly all of my rotations were medical subspecialties. I particularly
liked hematology and endocrinology; however, by this time I knew that I wanted to do pathology.

As a two-career family, we had various options to consider. My husband was from Texas; he was
a graduate of Rice University and very much enjoyed his time in Houston. I grew up in New York,
but New York City was not to my husband’s liking. Michael interviewed for jobs in Houston and
Washington, DC, and secured offers from major law firms in both cities. In the end, he knew I was
not partial to living in Texas, and he accepted a position as an associate with Arent, Fox, Kintner,
Plotkin, and Kahn. I considered the various options for pathology training in Washington, DC,
and accepted a position as a PGY-I pathology resident at Georgetown University Hospital. The
pathology department at Georgetown had a strong clinical service but was not a major research de-
partment. Dr. Abner Golden headed this department, and he had a strong commitment to pathol-
ogy education. Dr. B.K. (Byungkyu) Chun, a generalist of the old school who always had a smile on
his face, was the head of surgical pathology. At this point, I had not thought about a research career
and was focused on developing my diagnostic skills. However, a cousin of my husband was doing a
clinical research fellowship at the National Institutes of Health (NIH) in the Public Health Service.
This was the era of the yellow berets, when many eligible, newly minted physicians could fulfill their
military service requirements by obtaining an NIH fellowship. This cousin serendipitously men-
tioned that the NIH also had a residency program in pathology and that I should consider applying.

Following his advice, I applied and was selected for one of the NIH’s three slots in the Anatomic
Pathology residency program. Dr. Louis B. Thomas had recently taken over leadership of the de-
partment, following Dr. Harold Stewart, who was a leader in the field of chemical carcinogenesis.
Dr. Stewart was an icon in pathology circles. During his career, he was president of six med-
ical societies, including the United States and Canadian Academy of Pathology (USCAP), the
American Association for Cancer Research, the American Society for Experimental Pathology,
and the International Academy of Pathology. He helped found the American Society of Clinical
Pathologists, and in 1978, he received the Gold-Headed Cane from the American Association of
Pathologists and Bacteriologists (later renamed the American Society for Investigative Pathology).
Dr. Stewart’s department was a gathering place for visiting pathologists from around the world.
A steady stream of visiting lecturers and pathology dignitaries provided an exciting intellectual
environment. Under Dr. Stewart, and later under Dr. Thomas, the chairman’s office was an in-
formal lunchroom, where faculty and visitors would gather to discuss research and the events of
the day. Dr. Stewart was a great raconteur, aside from his abilities as a scientist.

When I entered the pathology program at the NIH, I succeeded Dr. Deborah Powell, who
was to become one of the great leaders of pathology and education. Debbie had been a resident
for one year at Georgetown prior to coming to the NIH, and she returned to Georgetown as a
faculty member. For most of my tenure as a resident, Dr. Thomas would refer to me as “Debbie,”
which I regarded as a compliment. Dr. Powell went on to become Chair of Pathology at the
University of Kentucky, Dean of the University of Kansas School of Medicine and Vice Chancellor
for Clinical Affairs, and Dean of the University of Minnesota Medical School, in addition to
the leadership positions she held at the Association of American Medical Colleges. We had a
strong resident class at the NIH (Figure 1). My fellow residents included Ron DeLellis (Chair
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Figure 1
National Institutes of Health, Laboratory of Pathology resident class of 1970–1971. (Shown left to right, front
row) Gerhard Krueger, Elaine Jaffe (author), and Hugh Bonner. (Back row) Joel Roth, L. Maximilian Buja,
and Ronald DeLellis.

of Pathology, Brown University), Max Buja (Chairman of Pathology and Dean, University of
Texas at Houston), Joseph Davie (head of the Department of Microbiology and Immunology,
Washington University), Gerhard Krueger (Chair, University of Cologne, Germany), and Hugh
Bonner (professor of Pathology and fellow hematopathologist, University of Pennsylvania).

The NIH residency program placed an emphasis on initiative and research. As a resident, I was
drawn to liver pathology and hematopathology, both of which require close collaboration between
the pathologist and clinician. In hematopathology, the clinical findings are integral to making the
correct diagnosis, and the hematopathologist is part of the clinical team in many other respects.
Exemplifying the collaborative nature of patient care, clinicians often seek my opinion about the
clinical management for rare conditions that they may encounter in their practice.

As a resident and fellow at the NIH, I benefitted from wonderful mentors, and I have since
found facilitating the careers of young scientists greatly rewarding. Costan Berard, my immediate
mentor in hematopathology, was unusually generous. He, too, was a leader in pathology circles,
later becoming President of the USCAP. He facilitated my collaborations with immunologists
that were critical to our success, and early in my career gave me every opportunity to present my
work at national and international meetings.

EARLY SUCCESS

I entered the field of lymphoma research at a unique time—when all of the planets were
aligned, creating great opportunities. It was an era when dramatic advances were being made in
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chemotherapy at the National Cancer Institute (NCI), led by Vincent DeVita, Paul Carbone,
George Canellos, Bruce Chabner, and many others. The advances in therapy made it more
important and relevant to sort out the different diseases among the many different types of
lymphoma. At the same time, advances in immunology and molecular biology enabled us to
take hematopathology beyond pure morphology. However, it is the integration of all of these
disciplines that has really changed the way we diagnose lymphomas.

In the 1960s, two discoveries revolutionized the understanding of the immune system and its
neoplasms. These were (a) the potential of lymphocytes—which had been thought to be end-
stage, terminally differentiated cells—to transform into proliferative blastoid cells in response
to mitogens or antigens (2) and (b) the existence of multiple, distinct lymphocytic lineages [T,
B, and natural killer (NK)] that were morphologically similar but had different functions and
physiology (3, 4). When I began my fellowship in hematopathology in 1972, immunologists were
just beginning to explore ways to distinguish these cell types in the laboratory.

When I was a new fellow, Costan Berard introduced me to Ira Green, Michael Frank, and Ethan
Shevach, all of whom were working in the immunology branch of the National Institute of Allergy
and Infectious Disease. Ira Green was a good friend and former colleague of Victor Nussenzweig
at New York University, and Nussenzweig’s lab was investigating surface markers expressed on
normal immune cells. Lay et al. (5) had shown in 1971 that there was spontaneous binding of sheep
red blood cells (SRBCs) to a large population of human lymphocytes. The binding occurred in the
cold and depended on temperature, but the nature of the lymphocyte population was unknown.
Shortly thereafter, Jondal et al. (6) showed that the binding occurred with thymocytes, that the
cells binding the SRBC lacked surface immunoglobulin (Ig) determinants, and that lymphocytes
from three patients with chronic lymphocytic leukemia (CLL) failed to bind. They suggested that
the erythrocyte rosetting (E rosette) could be used as a T cell marker. Lay & Nussenzweig (7)
had previously identified receptors for complement on the surface of lymphocytes. Subsequent
studies showed that lymphocytes bearing complement receptors were B cells and that binding did
not require the cold conditions of the E rosette technique (8). These were termed EAC rosettes,
as the erythrocytes (E) were coated with IgM antibody (A) and complement (C). At the NIH, we
knew we could form these rosettes with human lymphocytes in the test tube, but it was my task as
a fellow to see if we could get the technique to work on tissue sections so that we could visualize
in the intact tissue the distribution of the various cell types.

I set to work on what we would come to call the hanging drop technique (Figure 2). A frozen
section was mounted on a glass slide. The well in a microculture glass slide was filled with either
E or EAC rosettes. The frozen section was placed over the well, the two slides inverted, then
incubated for 30 minutes either at 4◦C (for E rosettes) or at room temperature (for EAC rosettes).
After incubation, the slide was gently tapped to remove unbound red cells; the sections were
gently washed, fixed, and examined by dark field microscopy. Adherent rosettes were refractile
and readily visualized on the section. We first employed this technique on frozen sections of
normal lymph nodes and spleen, and we showed that we could observe the expected binding
to T cell and B cell areas. Our next step was to study what was known at the time as nodular
lymphoma. Henry Rappaport (9), in his classification published in 1966, had questioned whether
nodular lymphomas were related to the lymphoid follicle, a view disputed by Karl Lennert (10).
Lennert thought that the cytological features of the neoplastic cells resembled those of normal
germinal center cells, which he initially termed germinocytes and germinoblasts and later termed
centrocytes and centroblasts to avoid confusion with germ cell neoplasms. Our study, published
in the New England Journal of Medicine, showed that the cells in the lymphoma expressed the same
receptors as normal germinal center B cells (11) and provided critical evidence that linked nodular
lymphoma to the normal lymphoid follicle (Figure 3). The paper subsequently became a Citation
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Figure 2
Hanging drop technique. This method was used to visualize sheep erythrocyte rosettes (E rosettes) and EAC
rosettes (erythrocytes coated with immunoglobulin M antibody and complement) on frozen sections
mounted on glass slides, respectively identifying T cells or B cells in situ.

Classic and provided some of the first evidence that neoplastic lymphoid cells recapitulated the
functional properties of their predecessors.

At about the same time, Smith et al. (12) characterized a single case of what was known
as mediastinal Sternberg sarcoma as being of T cell or thymic origin, based on the formation
of E rosettes by 86% of the cells in a cell suspension. We now recognize this disease as T cell
lymphoblastic leukemia/lymphoma. Notably, Carl Sternberg (13), working in Austria in 1916, had
proposed a thymic origin for this tumor based on clinical and pathological observations. Studies
of Sézary syndrome followed suit (14), and in 1975, we identified a case of nodal lymphoma as
being of T cell origin in tissue sections (15). The immunological revolution was under way.

In the 1970s, pathologists published several proposals which attempted to link this new im-
munological information to the classification of lymphomas. The first and most significant of these
efforts was led by Karl Lennert, in Kiel, Germany, who had first recognized that many lymphomas
resembled germinal center cells and had used ultrastructural studies to identify follicular dendritic
cells in normal and neoplastic lymph nodes. The Kiel classification was published in German in
1974 (16) and in English shortly thereafter (17, 18). Lymphomas were classified according to a
hypothetical scheme of lymphocyte differentiation, and the nomenclature reflected the putative
normal counterpart of the neoplastic cells. Although the majority of the neoplasms described
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Figure 3
Follicular lymphoma that exhibits binding of EAC rosettes (erythrocytes coated with immunoglobulin M antibody and complement) to
a frozen section. Neoplastic follicles bind the complement-coated red blood cells, visualized by dark field microscopy.

were of B cell lineage, several well-defined types of T cell lymphomas were included, later to
be expanded on through collaborations with Suchi (19) in Japan. The neoplasms were grouped
according to histological features into low-grade malignancy (predominance of small cells or
“-cytes”) and high-grade malignancy (predominance of “-blasts”). This classification became
widely used in Europe but never supplanted the Rappaport classification, popular among clin-
icians, in the United States.

By the mid-1970s, six different classification systems had been published, although only those
proposed by Rappaport and Lennert were widely used. However, the use of different classification
systems in clinical studies made it difficult to compare published results from different centers.
Several meetings were held to try to break the deadlock, the last of which was held at Airlie House in
Warrenton, Virginia, in 1975 (20). The inability of the pathologists to develop consensus and agree
on a common approach led to an NCI-directed study to evaluate the six published schemes. Led by
my mentor, Cos Berard, this study was based on a retrospective review of hematoxylin- and eosin-
stained sections from 1,175 cases of non-Hodgkin’s lymphoma. None of the schemes proved clearly
superior in predicting survival, which led to the publication of the Working Formulation (WF) for
the non-Hodgkin’s lymphomas. The WF was proposed as a common language to translate among
the six classifications (21). It abandoned efforts to relate tumors to the normal immune system
and instead proposed a purely descriptive approach based on cytological features and patterns. In
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truth, it was a step backward, largely proposed for political motives. It recapitulated the Rappaport
classification but substituted some words borrowed from the Lukes-Collins system.

THE NEW TECHNOLOGIES

In 1975, Kohler & Milstein (22) created the hybridoma technology that led to the development
of monoclonal antibodies. In 1979, the first monoclonal antibody against a human lymphocyte
differentiation antigen was generated against an antigen expressed on normal thymocytes (23).
The antigen recognized by NA1/34 was later designated as cluster of differentiation (CD)1a in
the Human Leukocyte Differentiation Antigen system (24). Today more than 350 groups of CDs
have been identified, with many more monoclonal antibodies recognizing nuclear antigens, which
lack a CD designation.

In the early years, monoclonal antibodies were applied to cells in suspension, or, somewhat
later, to cryostat tissue sections. However, a paradigm shift occurred when David Mason and
others (25) not only adapted the techniques to routine formalin-fixed, paraffin-embedded (FFPE)
sections but also changed the strategy for screening monoclonals to look for those antibodies that
would have optimal reactivity in FFPE sections. These advances had a dramatic impact on the
field. First, one did not have to ensure that tissues were snap frozen or made into cell suspension to
perform immunophenotypic studies. Second, the better morphology of paraffin sections improved
the pathologist’s ability to characterize positive and negative cells. This technology was rapidly
adopted by pathologists throughout the practice community.

In parallel, and equally dramatic, an understanding of the genetics of lymphoid malignancies
progressed. Recurrent cytogenetic abnormalities were identified, which followed the early obser-
vations of recurring cytogenetic alterations in myeloid leukemias (26). The first to be recognized
were the t(8;14)(q24;q32) of Burkitt lymphoma and the t(14;18)(q32;q21) of follicular lymphoma
(FL) (27–29). Subsequent studies led to the cloning of the genes involved in these transloca-
tions, MYC and BCL2 (30–32). Other similar discoveries soon followed, such as the identification
of CCND1 as the key gene in the BCL1 breakpoint of what came to be known as mantle cell
lymphoma (33–35).

Studies in the laboratory of Tom Waldmann (36) at the NCI capitalized on the known re-
arrangement of the Ig and T cell receptor genes during normal lymphoid cell development and
exploited the technology to use rearrangement of the antigen receptor genes as markers of both
lineage and clonality in lymphoid neoplasms. It was later shown that B cells that have transited the
germinal center exhibit evidence of somatic hypermutation of the IGH variable region genes (37).
Thus, this knowledge could be exploited to show not only lineage but also stage of differentiation,
at least within the B cell system (38, 39).

The development of polymerase chain reaction (PCR) methods further facilitated the introduc-
tion of gene rearrangement techniques to the routine clinical laboratory (40). Additionally, genetic
probes could be hybridized to paraffin sections by fluorescence in situ hybridization (FISH)–based
strategies, which enable the recognition of key translocations in routine clinical samples for diag-
nostic purposes (41).

Whereas translocations involving oncogenes played a key role in the pathogenesis of many
lymphomas, other studies identified the important role of lymphotropic viruses in many lymphoid
malignancies. Epstein-Barr virus (EBV) was shown to be especially promiscuous and capable of
transforming B cells, T cells, and NK cells (42–45). Uchiyama et al. (46) had described a high-grade
T cell malignancy, adult T cell leukemia/lymphoma (ATLL), which was endemic in southwestern
Japan. A viral etiology was suspected, and subsequently, Gallo and colleagues (47) identified
human T-lymphotropic virus type I (HTLV-I) as the first retrovirus shown to cause a human
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malignancy. Working with Gallo, we showed that the disease also existed in the Western
Hemisphere, with some prevalence in the Caribbean basin, Central and South America, and in
immigrants to the United States (48, 49). The pathological spectrum of ATLL was broad, but
both serological studies for antibodies to the virus and molecular detection of viral sequences
facilitated diagnosis (50). HHV-8/KSHV was soon added to the list of oncogenic viruses
and associated with not only Kaposi sarcoma but also primary effusion lymphoma (51) and
multicentric Castleman disease (52–54).

The next decades brought a rapid succession of new, mainly high-throughput methodologies
to further interrogate the nature of lymphoid neoplasms. These included gene expression pro-
filing, methylation profiling, array-based comparative genomic hybridization (CGH), and next-
generation sequencing. This wealth of tools can be utilized to produce a strategic vision for further
discovery of key pathogenetic events in the lymphomas (55).

This era has also seen an expansion of team science, with large multidisciplinary groups, such as
the Lymphoma/Leukemia Molecular Profiling Project (LLMPP), collaborating to generate vast
amounts of data (56–58). These studies produced many new insights, among them (a) the discovery
that diffuse large B cell lymphomas comprised two major subtypes derived from germinal center
type B cells (GCB) and activated B cells (ABC), and (b) clarification of the molecular heterogeneity
of peripheral T cell lymphomas (57, 58). The prognostic relevance of the proliferation signature
in mantle cell lymphoma was shown (59), which was something that had been suggested in earlier
studies using immunohistochemical detection of Ki-67 (MIB-1) (60, 61). Beyond studies of the
tumor cells themselves, the data shed light on the significance of the tumor cell microenvironment,
with crosstalk among tumor cells, nonneoplastic immune cells, and stromal elements (62–64).

The success of the LLMPP has provided a model for this type of collaborative effort, which
includes participation from pathologists, clinicians, geneticists, molecular biologists, and bio-
informaticians. The paradigm features dynamic interplay among the participants. For example, in
the LLMPP, the pathology panel reviews and validates all cases prior to study. However, we may
return to the biopsies to investigate immunohistochemical surrogates of key molecules identified
by gene expression profiling, which facilitates the translation of discoveries to the general practice
setting (65–67). These data also are beginning to impact therapy, for example, informing the
effective use of BTK inhibition in the ABC type of diffuse large B cell lymphoma but not in the
GCB subtype (68). Most recently we have seen exciting inroads in the use of checkpoint inhibitors,
which target the tumor microenvironment (69).

ACHIEVING INTERNATIONAL CONSENSUS

A major consequence of the new technologies in the 1990s was the rapid accumulation of knowl-
edge about the immunophenotypic and genetic properties of normal and neoplastic lymphoid cells.
Pathologists in the United States, Europe, and Asia were rapidly coming to the realization that
they spoke a common language and agreed on major principles regarding the types of lymphoma
they recognized in daily practice. They appreciated that neither the WF nor the Kiel classification
entirely met their needs and that consensus could be reached on many issues.

This fact was appreciated by Peter Isaacson in the United Kingdom and Harald Stein in
Germany, who undertook the organization of the International Lymphoma Study Group (ILSG)
in 1990. The ILSG was founded to facilitate collaboration among hematopathologists around the
world and break down the barriers that had been created by the controversy over the competing
classification proposals. Each of the classification systems proposed in the 1970s was primarily the
work of one or two experts, with the three principle schemes proposed by Rappaport, Lennert,
and Lukes and Collins. The authors were deeply invested in the success of their own scheme and
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unwilling to compromise or collaborate to achieve a single, comprehensive scheme. The pathol-
ogists who were invited to attend the first meeting of the ILSG in London were members of the
next generation, more or less liberated from the work of their mentors. Initial consensus state-
ments for the diagnosis of mantle cell lymphoma and nodular lymphocyte predominant Hodgkin’s
lymphoma were first steps in achieving international harmony (70, 71). The now 25 or so mem-
bers have been meeting annually since that first meeting in London to present their work, share
ideas, and discuss controversial or evolving issues. The membership has continued to evolve but
has stayed small enough to facilitate discussion and open exchange of ideas. For me, ILSG has
led to important professional friendships and collaborations. Additionally, I think the group has
advanced the level of research in the field.

The founding of the ILSG led to the publication of the Revised European-American Classifica-
tion of Lymphoid Neoplasms (REAL) classification of lymphomas in 1994 (72) and subsequently
the World Health Organization (WHO) Classification of Tumours of the Hematopoietic and
Lymphoid Tissues in 2001 (73). A preliminary draft of the diseases that could be recognized with
current techniques was circulated among the group—consistent with the collaborative aspects of
the ILSG—prior to the third ILSG meeting, held in Berlin in 1993 (Figure 4). Two members of
the group were delegated to present the data related to each of the topics, which was followed by
discussion to reach consensus. The subsequent REAL classification, published in Blood, quickly
became the international standard (72). It became the most highly cited paper in all of clinical
medicine over a period of 10 years and now has been cited nearly 7,000 times.

Even broader international participation was sought for the publication of the WHO classi-
fication. The first clinical advisory committee meeting was held in 1997, with participation from
44 hematologists, oncologists, and radiation therapists (Figure 5) (74). Seventy-five pathologists
contributed as authors to the WHO monograph, the scope of which was expanded to include all
hematological neoplasms of lymphoid, myeloid, histiocytic, and dendritic cell origins. The WHO
classification created an international standard, with a single system embraced on a worldwide
basis for the first time in history (73). Since the publication of the third edition, updates have been
published in 2008 and in 2016, with the fully revised monograph to appear in 2017 (Figure 6)
(75–77).

THE MICROSCOPE AS A TOOL FOR DISEASE DISCOVERY

Many of my seminal publications have had their inception in a clinical diagnostic case. My clinical
and investigational studies have been intertwined to enhance our understanding of disease. I believe
that disease discovery and disease definition are critical first steps in elucidating pathogenesis. Most
insights into the molecular pathogenesis of lymphomas have followed on the heels of a precise
description based on clinical, pathological, or immunophenotypic grounds. The discovery of the
disease nearly always precedes the discovery of the gene. However, the process is iterative, such
that knowledge of the genetic pathogenesis provides new diagnostic tools, which help define the
disease and its borderlands.

This sequence is exemplified by anaplastic large cell lymphoma (ALCL), which was recognized
on the basis of its characteristic morphology and immunophenotype, with strong staining for
CD30 (79). This in turn led to the discovery of translocations involving ALK and NPM or
other partner genes in ALCL, and the generation of monoclonal antibodies to the ALK protein,
which could be used in routine diagnosis (80, 81). The subsequent morphological spectrum
of ALCL was considerably broadened, beyond what was originally conceived as ALCL, now
recognizing a small cell variant. However, some cases initially suspected as being part of ALCL,
so-called Hodgkin-like ALCL, were excluded with the additional genetic information (82, 83).
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Figure 4
Meeting of the International Lymphoma Study Group held in Berlin, Germany, in 1993. At this meeting,
the group developed the consensus classification that came to be known as the Revised European-American
Classification of Lymphoid Neoplasms (REAL) classification. (Left to right, front row) Harald Stein, Elaine
Jaffe (author), Chris de Wolf Peeters, Peter Isaacson. (Second row) Miguel Piris, Nancy Lee Harris, Elisabeth
Ralfkiaer. (Third row) Roger Warnke, Georges Delsol, Dan Knowles, Peter Banks. (Fourth row) Brunangelo
Falini, John K.C. Chan, Hans Konrad Muller-Hermelink. (Fifth row) David Mason, Stefano Pileri, Kevin
Gatter, Michael Cleary, Thomas Grogan.

Significantly, this knowledge has direct bearing on the clinical outcome and response to therapy,
in comparison with other T cell lymphomas (79).

We know that Denis Burkitt (84, 85) recognized the key clinical features of endemic Burkitt
lymphoma while riding around Africa in a jeep. Subsequently, pathologists were able describe its
distinctive pathological features, leading to the recognition of Burkitt lymphoma in nonendemic
areas (86, 87). Discovery of the association of Burkitt lymphoma with MYC may not have been
possible without this accurate pathological and clinical description. ATLL was described as a clin-
ical syndrome before discovery of the HTLV-I virus (88). Mantle cell lymphoma was recognized
by pathologists, initially under different names (centrocytic lymphoma, lymphocytic lymphoma of
intermediate differentiation), and proposed to be related to the lymphocyte cuff or mantle (89–91).
Only later was the disease linked to CCND1/BCL1 (92). Each of these discoveries was facilitated
by an accurate disease definition.
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Figure 5
Clinical Advisory Committee meeting, Airlie, Virginia, November 3–5, 1997. A joint meeting was held for
the discussion of lymphoid and myeloid neoplasms, including lymphomas and leukemia, in preparation for
the publication of the World Health Organization monograph, published in 2001. Participants are named in
the report of this meeting (74).

This scenario has been repeated over and over again and differs from the standard hypothesis-
driven approach to research. It can be considered hypothesis-generating rather than hypothesis-
driven. To investigate disease pathogenesis, you need to first accurately identify the subject of
your investigation, or, as Carolus Linnaeus (1, p. 19), the father of taxonomy, noted, “The first
step in wisdom is to know the things themselves; this notion consists in having a true idea of
the objects; objects are distinguished and known by classifying them methodically and giving
them appropriate names. Therefore, classification and name-giving will be the foundation of our
science.”

In the text that follows, I give a few additional examples from my own work, which illus-
trate how clinical and diagnostic observations led to further discovery. These anecdotes were in-
cluded in the Maude Abbott Lecture I delivered at the one-hundredth meeting of the USCAP in
2011.

Follicular Lymphoma in Situ

The idea of malignant transformation of cells through a multistep process of accumulating
genetic and molecular events is well accepted and recognized in solid tumors (93). However,
in hematopathology, there are no designated benign lymphomas. Importantly, lymphocytes are
not sessile cells. Lymphocytes are cells that naturally traffic and home throughout the lymphoid
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Figure 6
Clinical Advisory Committee meeting, Chicago, Illinois, March 31–April 1, 2014, held in preparation for the
revised fourth edition of the World Health Organization classification. Concurrent meetings were held to
discuss (a) mature lymphoid neoplasms (participants named in 76) and (b) myeloid neoplasms and acute
leukemias (participants named in 78).

system. A benign lymphoid neoplasm does not remain localized to be surgically excised, but
rather it disseminates based on patterns of lymphocyte homing. This concept prompted me to
propose, some years ago, that FL could be considered a benign lymphoma (94). Cytologically and
immunophenotypically, the cells resembled the cells of the B cell follicle and spread to occupy
normal germinal centers but did not invade privileged sites. However, the natural history was
characterized by histological transformation to a high-grade process, with secondary and tertiary
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genetic events. Our studies in recent years have focused on early lesions, both FL in situ (FLIS)
and, more recently, mantle cell in situ.

We first described FLIS more than decade ago (95), but its clinical significance remained
uncertain. The study began with a diagnostic case. In 1992, we received a lymph node biopsy
in consultation. The patient was a 23-year-old female with an isolated inguinal lymph node.
The pathologist who received the case thought it looked reactive, but in an overabundance of
caution, he had sent it for cytogenetic testing, which disclosed a small population of cells with
t(14;18)(q32;q21), which is characteristic of FL. He still did not see features of FL, and so the
case arrived on my desk for a second review. We had recently received a monoclonal antibody
to BCL2 prepared by David Mason and colleagues at Oxford (96), and we were beginning to
explore its use in a series of cases. We decided to test it on this perplexing case. We observed just a
single follicle filled with centrocytes strongly positive for the BCL2 protein, while the remainder
of the germinal centers was appropriately BCL2-negative. We did not change our diagnosis of
atypical hyperplasia, but made note of this unusual finding. By way of follow-up, the patient never
developed clinical evidence of FL, most recently assessed in 2006.

We now know that the cells in FLIS, now termed in situ follicular neoplasia in the latest iteration
of the WHO classification (76), are clonal and carry the BCL2/JH translocation (95). The lesion
is seen in 2–3% of routine lymph node biopsies (97), but the risk of subsequent lymphoma is very
low, on the order of 5% or less (98, 99). Interestingly, FLIS is more often seen in lymph nodes that
are involved by another B cell lymphoma, but this may be a fortuitous finding, being the factor that
prompts the lymph node biopsy (98, 100). Cells carrying the BCL2 translocation also are found,
using many rounds of sensitive PCR-based amplification, in normal peripheral blood in up to 70%
of adults over the age of 50 (101, 102). These cells were termed FL-like B cells. Their numbers
in blood increase with age and with pesticide or herbicide use in agricultural workers (103). The
cells are memory B cells that have encountered the germinal center reaction and are prone to
intense trafficking among lymph nodes (104). Histologically, FLIS is always encountered in a
reactive lymph node with hyperplastic germinal centers; thus, some sort of immune stimulation
may induce the circulation and homing of the cells to the germinal center environment. It is
known that in patients with hepatitis C infection, the level of FL-like B cells rises in the blood
with disease activity and is lowered with treatment of the underlying viral infection.

We and others have examined the genetic load of mutations in FLIS, in comparison with overt
FL, and duodenal-type FL (105, 106). Notably, by array-based CGH, the cells of FLIS carry
very few aberrations beyond the t(14;18). Among the most notable alterations, we observed and
validated deletions of 1p36 and gains of the 7p and 12q chromosomes and related oncogenes,
which include some of the most recurrent oncogenic alterations in overt FL (TNFRSF14; EZH2;
and MLL2, currently known as KMT2B) (105).

Interestingly, duodenal-type FL had a similar low level of genetic complexity (105). It too has
a low risk of progression and usually remains confined to the small intestine, without invasion
or dissemination (107, 108). Patients can be managed conservatively, without need for aggressive
therapy. Significantly, proper recognition of both duodenal-type FL and FLIS avoids unnecessary
treatment and patient anxiety.

Lineage Plasticity in Human Lymphoid Neoplasms

Current models of hematopoietic cell differentiation suggest that as cells differentiate they
become lineage-committed. However, some clinical data have shown that two hematopoietic
populations in the same patient may share identical genetic changes, which raises the possibility
that tumors expressing the phenotype of one hematopoietic lineage might transdifferentiate into
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a genetically similar but phenotypically distinct tumor of a different lineage. We first reported
examples of patients with lymphoblastic leukemias or lymphomas who also had histiocytic or
dendritic cell (H/DC) tumors and demonstrated that the lymphoblastic neoplasm and the H/DC
tumor from each patient were clonally related (109, 110). However, tumors of precursor cells
display more lineage plasticity than mature lymphoid tumors. Reprogramming of mature human
B cells into cells of a different lineage had not previously been shown, although this had been
accomplished in murine models (111, 112).

We showed for the first time that human B cells of mature B cell neoplasms in both FL and
CLL could be reprogrammed into H/DC neoplasms, probably through downregulation of the B
cell transcription factor PAX5 (113, 114). In addition to loss of PAX5 in the H/DC tumors, they
acquired expression of CEBP-beta and PU.1, which are transcription factors known to be expressed
in cells of the histiocytic lineages. The subsequent H/DC tumors were shown to be clonally related
to the underlying FL or CLL and carrying identical Ig heavy chain gene rearrangements and
genetic aberrations. For example, the H/DC tumors arising in patients with FL had the t(14;18),
as shown by FISH. Most of the H/DC tumors occurred some years after primary diagnosis,
although treatment did not appear to play a role. In one case, the FL and H/DC tumors were
diagnosed concordantly. Our study was published as a plenary paper in Blood and provided insight
into the capacity for lineage plasticity in human cells (113). The work has implications beyond
the hematopoietic system, with relevance for the generation of human stem cells. Again, this was
a story that began with a single diagnostic case. When we saw the first histiocytic tumor in a
patient with FL, we did not understand if the two tumors were related or whether this was purely
coincidental. This was one of the cases that I called fascinoma, which I put aside for future study,
and indeed, we encountered additional cases as time went by.

Classical Hodgkin’s Lymphoma, the Elusive Reed-Sternberg Cell,
and Mediastinal Gray Zone Lymphomas

Although Hodgkin’s disease was the first of the malignant lymphomas to be described as a specific
disease process, this unique cancer has been the source of many persistent questions over the past
180 years (115). One enigma has been the paucity of the Hodgkin and Reed-Sternberg (HRS)
cells and their variants (thought to be the malignant cells in this disease) in comparison to the
large numbers of normal inflammatory cells. This apparent imbalance raised questions about the
pathogenesis of the disease process. Was it infectious or neoplastic? A second question concerned
the nature of the Reed-Sternberg cell. The characterization of these cells had been frustrated by
their scarcity in the tumor tissue (<1–2% of the total cell population) and the resultant difficulty
in obtaining them in pure populations. Many theories had been put forth that included an origin
from T cells, B cells, histiocytes, granulocytes, and interdigitating reticulum cells. In a series of
papers in the early 1990s, we noted that classical Hodgkin’s lymphoma often occurred sequentially
or as composite lymphoma with a variety of other non-Hodgkin’s lymphomas, nearly all of which
were of B cell lineage (116–119). These studies provided key, early evidence for the B cell origin of
Hodgkin’s lymphoma. Definitive evidence came some years later when single-cell microdissection
techniques were combined with PCR for Ig gene rearrangement to show that the HRS cells had
clonal Ig rearrangement and evidence of somatic hypermutation (39, 120–123).

Subsequently, our studies focused on the association of nodular sclerosis classical Hodgkin’s
lymphoma (NSCHL) with primary mediastinal large B cell lymphoma (PMBL) (124). These
tumors share many clinical and biological features such as increased frequency in females,
mediastinal involvement, and genetic overlap (125, 126). There were also isolated instances in
which both diagnoses were encountered in the same patient. In 1985, a 29-year-old male was
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treated at the NCI for NSCHL with MOPP chemotherapy. The patient achieved remission, but
one year later, he developed a new mediastinal mass. Was this a recurrence or a new malignancy,
perhaps secondary to chemotherapy? A biopsy was performed and showed PMBL. Moreover,
subsequent genetic studies showed that the HRS cells in the original NSCHL were clonally
related to the cells of PMBL, which provided evidence that this was a manifestation of the
original tumor (124). At about the same time, we encountered tumors that were challenging to
categorize and had overlapping features of NSCHL and PMBL. We termed them mediastinal
gray zone lymphoma and characterized them using a variety of immunophenotypic, epigenetic,
and genomic approaches, which provided evidence for a common cell of origin and overlapping
pathogenesis (127, 128). These studies showed evidence for common pathogenetic links between
NSCHL and PMBL and provided a rationale for new therapeutic approaches, which were
subsequently explored in clinical protocols at the NCI (129).

Natural Killer Cell Enteropathy

Sometimes a slide crosses your microscope stage and reveals something you have never seen be-
fore. This happened one day in 2002, when I received a colon biopsy from a 32-year-old male with
superficial hemorrhagic lesions in the colon and terminal ileum. The submitting pathologist fa-
vored a diagnosis of NK-cell lymphoma, but the cells were negative for EBV, which argued against
that diagnosis. Still, the case had been circulated to another consultant who made a diagnosis of
NK-cell malignancy and recommended aggressive chemotherapy followed by autologous bone
marrow transplantation. The patient also questioned the diagnosis. He had undergone routine
colonoscopy for a family history of colon cancer and was asymptomatic. An active runner, his
exercise routine was unchanged. Examining the slides, I saw an atypical NK-cell infiltrate largely
confined to the lamina propria. Although the CD56-positive cells were highly atypical, there was
no invasion, and I was reluctant to make a diagnosis of malignancy. The patient called me to discuss
the diagnosis and ask my opinion about the appropriate course of action. I told him that although I
could not provide a definite diagnosis, I recommended against therapy, and suggested that careful
follow-up would soon determine if a more aggressive approach was warranted. Treatment was
deferred; lesions have waxed and waned over a period of more than 10 years, without progres-
sion. The case was subsequently published and proposed to be an atypical NK-cell lymphocytosis
(130). Over the next few years, we saw a number of similar cases, and published a larger series,
in which we recommended the term NK-cell enteropathy (131). Interestingly, at the same time,
pathologists in Japan saw a very similar condition that affected the stomach, which they termed
lymphomatoid gastropathy (132). The etiology of this condition is unknown, although we suspect
it is an unusual response to an unknown antigenic stimulus (133). The condition can affect the
entire gastrointestinal tract. Some of the cases we saw were submitted from patients who had
received chemotherapy but in whom the lesions recurred. Thus, although optimal management
is not known, we recommend a conservative approach.

CONCLUSION

My career in pathology has been a voyage of discovery. Every day, I look forward to coming to
work, not knowing what I might encounter. I still achieve great fulfillment from tackling a difficult
diagnostic problem that has eluded others and reaching a diagnosis that will lead to appropriate
therapy, if indicated, and a positive clinical outcome. Pathology is a lot like detective work—you
have to put together all of the clues to reach the correct diagnosis. When you achieve that aha
moment, it can be a lot of fun. Even more intriguing are the cases that do not seem to have an easy
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answer but raise questions about underlying biology. These may prompt further studies, using the
expanding array of tools available to the investigative pathologist.

I never lose sight of the importance of our work to the patient. From time to time, I receive a
call from a patient or family member, telling me how much my diagnosis has altered the outcome
of their case. Recently, I received a call from a physician whose son was initially diagnosed with a
high-grade lymphoma some 10 years ago. They were ready to begin a Burkitt lymphoma regimen
when I got the slides and realized that the diagnosis was incorrect—it was a pediatric-type FL,
which could be treated with simple excision and follow-up. I made a last-minute call on a Friday
night, just in time. The physician telephoned me a few months ago to report that her son, still
well, had just graduated from college and that each day she was grateful for my intervention.
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