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Standardized criteria for assessing re-
sponse are essential to ensure compara-
bility among clinical trials for patients
with myelodysplastic syndromes (MDS).
An international working group of experi-
enced clinicians involved in the manage-
ment of patients with MDS reviewed cur-
rently used response definitions and
developed a uniform set of guidelines for
future clinical trials in MDS. The MDS
differ from many other hematologic malig-
nancies in their chronicity and the morbid-

ity and mortality caused by chronic cyto-
penias, often without disease progression
to acute myeloid leukemia. Whereas re-
sponse rates may be an important end-
point for phase 2 studies of new agents
and may assist regulatory agencies in
their evaluation and approval processes,
an important goal of clinical trials in MDS
should be to prolong patient survival.
Therefore, these response criteria re-
flected 2 sets of goals in MDS: altering the
natural history of the disease and alleviat-

ing disease-related complications with im-
proved quality of life. It is anticipated that
the recommendations presented will re-
quire modification as more is learned
about the molecular biology and genetics
of these disorders. Until then, it is hoped
these guidelines will serve to improve
communication among investigators and
to ensure comparability among clinical
trials. (Blood. 2000;96:3671-3674)
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Classification

The myelodysplastic syndromes (MDS) are a heterogeneous group of
hematopoietic disorders characterized in most patients by peripheral
blood cytopenia with hypercellular bone marrow and dysplasia of the
cellular elements.1-3 MDS may develop after exposure to toxins such as
benzene, chemotherapy drugs, or high doses of radiation, though its
etiology is unknown in more than 80% of patients.

MDS have historically been referred to as oligoblastic leukemia,
refractory anemia, smoldering acute leukemia, or preleukemia. In 1982,
the French-American-British (FAB) group presented a classification,
modified in 1985, that is the most widely used.1,2 Recently, a World
Health Organization (WHO) steering committee proposed modifica-
tions to the MDS subtypes. The major changes were a decrease, from
30% blasts to 20% blasts, in the threshold for diagnosing acute myeloid
leukemia (AML) and the creation of a category of MDS/myeloprolifera-
tive disorders to include patients with chronic myelomonocytic leuke-
mia.4 However, these recommendations have not yet been uniformly
adopted, and the distinction betweenAMLand MDS reflects the pace of
the disease, the biologic differences in neoplastic cells, and the number
of bone marrow blasts. Thus, because of its known clinical usefulness,
we have elected to retain the FAB classification of MDS.

Prognostic factors

MDS are heterogeneous with regard to clinical characteristics,
cytologic and pathologic features, and cytogenetics. Even within

morphologic subtypes, there are differences in outcome. Therefore,
effective and prospective stratification of patients for clinical
studies is critical for designing trials and for evaluating and
clarifying outcomes of treatments.

Recently an international working group of experienced clini-
cians developed a prognostic scheme that has been widely adopted.5

Critical prognostic factors regarding survival and the potential for
evolution to AML, which were identified and included in the
International Prognostic Scoring System (IPSS), included bone
marrow cytogenetics, percentage of bone marrow blasts, and
number of cytopenias; age and gender were also important for
predicting survival in a multivariate analysis. Within the IPSS,
patients were categorized according to these features into relatively
low risk (IPSS Low or Intermediate-1) and relatively high risk
(IPSS Intermediate-2 or High) subgroups for risk-based treat-
ment options.

Therapeutic goals

The MDS differ from many other hematologic malignancies in
their chronicity and in the morbidity and mortality caused by
chronic cytopenias, often without disease progression to AML.6 As
such, alleviation of disease-related complications and improved
quality of life (QOL) are important goals of therapy. Thus,
improvements in cytopenias (ie, clinically meaningful hematologic
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Table 1. Measurement of response/treatment effect in MDS

ALTERING DISEASE NATURAL HISTORY

1. Complete remission (CR)

Bone marrow evaluation: Repeat bone marrow showing less than 5% myeloblasts with normal maturation of all cell lines, with no evidence for dysplasia.* When erythroid
precursors constitute less than 50% of bone marrow nucleated cells, the percentage of blasts is based on all nucleated cells; when there are 50% or more erythroid
cells, the percentage blasts should be based on the nonerythroid cells.

Peripheral blood evaluation (absolute values must last at least 2 months)†:
Hemoglobin greater than 11 g/dL (untransfused, patient not on erythropoietin)
Neutrophils 1500/mm3 or more (not on a myeloid growth factor)
Platelets 100 000/mm3 or more (not on a thrombopoetic agent)
Blasts, 0%
No dysplasia*

2. Partial remission (PR) (absolute values must last at least 2 months):
All the CR criteria (if abnormal before treatment), except:

Bone marrow evaluation: Blasts decreased by 50% or more over pretreatment, or a less advanced MDS FAB classification than pretreatment. Cellularity and morphology
are not relevant.

3. Stable disease
Failure to achieve at least a PR, but with no evidence of progression for at least 2 months.

4. Failure

Death during treatment or disease progression characterized by worsening of cytopenias, increase in the percentage bone marrow blasts, or progression to an MDS FAB
subtype more advanced than pretreatment.

5. Relapse after CR or PR—one or more of the following:
a) Return to pretreatment bone marrow blast percentage.
b) Decrement of 50% or greater from maximum remission/response levels in granulocytes or platelets.
c) Reduction in hemoglobin concentration by at least 2 g/dL or transfusion dependence.§

6. Disease progression
a) For patients with less than 5% blasts: a 50% or more increase in blasts to more than 5% blasts.
b) For patients with 5% to 10% blasts: a 50% or more increase to more than 10% blasts.
c) For patients with 10% to 20% blasts: a 50% or more increase to more than 20% blasts.
d) For patients with 20% to 30% blasts: a 50% or more increase to more than 30% blasts.
e) One or more of the following: 50% or greater decrement from maximum remission/response levels in granulocytes or platelets, reduction in hemoglobin concentration

by at least 2 g/dL, or transfusion dependence.§
7. Disease transformation

Transformation to AML (30% or more blasts).
8. Survival and progression-free survival

(See Table 2.)

CYTOGENETIC RESPONSE

(Requires 20 analyzable metaphases using conventional cytogenetic techniques.)
Major : No detectable cytogenetic abnormality, if preexisting abnormality was present.
Minor : 50% or more reduction in abnormal metaphases.
Fluorescent in situ hybridization may be used as a supplement to follow a specifically defined cytogenetic abnormality.

QUALITY OF LIFE

Measured by an instrument such as the FACT Questionnaire.
Clinically useful improvement in specific domains:

Physical
Functional
Emotional
Social
Spiritual

HEMATOLOGIC IMPROVEMENT (HI)

(Improvements must last at least 2 months in the absence of ongoing cytotoxic therapy.)†

Hematologic improvement should be described by the number of individual, positively affected cell lines (eg, HI-E; HI-E 1 HI-N; HI-E 1 HI-P 1 HI-N).

1. Erythroid response (HI-E)
Major response: For patients with pretreatment hemoglobin less than 11 g/dL, greater than 2 g/dL increase in hemoglobin; for RBC transfusion-dependent patients,
transfusion independence.
Minor response: For patients with pretreatment hemoglobin less than 11 g/dL, 1 to 2 g/dL increase in hemoglobin; for RBC transfusion-dependent patients, 50% decrease
in transfusion requirements.

2. Platelet response (HI-P)

Major response: For patients with a pretreatment platelet count less than 100 000/mm3, an absolute increase of 30 000/mm3 or more; for platelet transfusion-dependent
patients, stabilization of platelet counts and platelet transfusion independence.

Minor response: For patients with a pretreatment platelet count less than 100 000/mm3, a 50% or more increase in platelet count with a net increase greater than
10 000/mm3 but less than 30 000/mm3.

3. Neutrophil response (HI-N)

Major response: For absolute neutrophil count (ANC) less than 1500/mm3 before therapy, at least a 100% increase, or an absolute increase of more than 500/mm3,
whichever is greater.

Minor response: For ANC less than 1500/mm3 before therapy, ANC increase of at least 100%, but absolute increase less than 500/mm3.

4. Progression/relapse after HI: One or more of the following: a 50% or greater decrement from maximum response levels in granulocytes or platelets, a reduction in
hemoglobin concentration by at least 2 g/dL, or transfusion dependence.§

For a designated response (CR, PR, HI), all relevant response criteria must be noted on at least 2 successive determinations at least 1 week apart after an appropriate
period following therapy (eg, 1 month or longer).

*The presence of mild megaloblastoid changes may be permitted if they are thought to be consistent with treatment effect. However, persistence of pretreatment
abnormalities (eg, pseudo-Pelger-Hüet cells, ringed sideroblasts, dysplastic megakaryocytes) are not consistent with CR.

†In some circumstances, protocol therapy may require the initiation of further treatment (eg, consolidation, maintenance) before the 2-month period. Such patients can be
included in the response category into which they fit at the time the therapy is started.

§In the absence of another explanation such as acute infection, gastrointestinal bleeding, hemolysis, and so on.



improvement) and their associated complications should be objec-
tively measured and evaluated. In addition, some of the newer
classes of drugs are more likely to be cytostatic than cytotoxic, or
they may induce cellular differentiation; therefore, time to disease
progression may be the primary endpoint rather than the response
rate. Responses, then, should reflect the goals of the treatments.

Various strategies have been used to treat patients with MDS,
often with varying objectives. Low-intensity therapies, defined as
treatments capable of permitting predominantly outpatient manage-
ment (eg, cytokines, certain biologic response modifiers, immuno-
suppressive therapy), are often directed at patients with low risk
MDS (IPSS Low and Intermediate-1). The goals of many of these
low-intensity therapies are improvement in blood counts, disease
palliation, and enhanced quality of life.7 Such treatments are not
necessarily associated with improved survival or progression-free
survival. Thus, hematologic improvement is appropriate for measur-
ing responses to this type of treatment.

The aim of other low-intensity therapies (low-dose chemo-
therapy, 5-azacytidine; low-dose cytarabine) and high-intensity
therapies (aggressive anti-leukemic chemotherapy, stem cell trans-
plantation) is to induce hematologic responses (complete remission
[CR] or partial remission [PR]) and to alter the natural history of
the disease (prolonging survival, progression-free survival). Cyto-
genetic responses may be helpful to determine the degree to which
the natural history of the disease may be altered.

There are no curative therapies for patients with MDS other
than bone marrow transplantation, which is successful in only a
subset of treated patients.8-11 As a result, numerous therapies have
been and are being evaluated to improve the outlook for these
patients. However, the published results of clinical trials are
difficult to interpret for a number of reasons, including patient
selection bias, sample size, and inconsistent response criteria. For
example, hematologic improvement has been used to indicate
variable levels of increase in one hematologic lineage in some
studies or multilineage improvement in others.12-14

Several new agents are used in clinical trials for MDS,
including 5-azacitidine, decitabine, amifostine, topotecan, and
others.12,13,15-18In addition to defining comparable patient groups
among studies and collecting complete prognostic factor informa-
tion, the availability of uniform response criteria would improve
analysis of clinical trials in MDS.

An approach to standardizing
response criteria

To resolve the problems resulting from variability in definitions of
the quality and quantity of response in MDS, a group of interna-
tional investigators with expertise in MDS convened to establish
standardized response criteria for clinical trials involving patients
with MDS. Some of the response categories (hematologic improve-

ments) are more relevant to therapies designed with palliative
intent, whereas others (complete remission, partial remission) are
relevant to the goals of treatments directed at altering the natural
history of the disease. The proposal for evaluating response is
shown in Table 1 and indicates 4 levels of response criteria based
on the intent of specific therapies: hematologic response, altering
the natural history of the disease, cytogenetic response, and quality
of life. Although data are lacking regarding the correlation between
cytogenetic response and clinical outcome in MDS, based on the
valuable role of this parameter in the management and prognosis of
patients with chronic myelogenous leukemia,19,20we have included
this category to facilitate prospective evaluation.

Similarly, whereas only limited data exist regarding the value of
quality of life instruments in assessing treatment outcomes in
MDS, such methods of evaluation have been valuable for patient
assessment in other neoplasms.21,22QOL studies are most valuable
in randomized trials, not only with placebo controls but also when
comparing 2 approaches. QOL studies may also be useful in
single-arm trials to assess interactions among disease-related
symptoms, treatment-related toxicity, and disease response. These
aims should be defined prospectively. We anticipate that the use of
this criterion in appropriate clinical trials, using instruments such as
the WHO Performance Score or the FACT Questionnaire,22 will
provide valuable insights into patients’ physical, functional, emo-
tional, and social status.

Also critical for evaluating and clarifying outcomes of treat-
ments and for designing clinical trials is to stratify patients
effectively and prospectively using risk-based criteria for patient
entry and evaluation (FAB subtype or, perhaps more important,
IPSS risk group5). For example, comparison of survival or progres-
sion-free survival for patients at IPSS low risk would differ from
those at IPSS high risk and should be indicated as such. Such
stratification could include age, performance status, and prognostic
risk category, as suggested by the National Comprehensive Cancer
Network Panel on MDS.5,7

Conclusion

The goals of clinical research in MDS are to prolong the survival of
patients and to improve their quality of life. In phase 2 trials, in
which the activity of a new agent may be the most important
objective, response rates are valuable and may provide support for
approval by regulatory agencies. However, in some clinical set-
tings, incremental increases in response rates have not translated
into prolongation of time to treatment failure or survival. In MDS,
added objectives for patients with this often indolent, chronic
illness are to reduce morbidity associated with cytopenias (dimin-
ish transfusion requirements, infections, or bleeding) and to
improve quality of life. In this regard, we believe that the use of
risk-based prognostic stratification and clinically relevant response

Table 2. Definitions of endpoints for clinical trials in MDS

Endpoint Response category Definition Point of measurement

Overall survival All patients Death from any cause Entry into trial

Event-free survival All patients* Failure or death from any cause Entry into trial

Progression-free survival All patients Disease progression or death from MDS Entry into trial

Disease-free survival CR Time to relapse First documentation

Cause-specific death All patients Death related to MDS Death

IPSS should be used as the primary stratification.
Complete blood counts should be evaluated at least monthly, or more often if clinically indicated, to establish the durability of responses.
*Under circumstances in which presentation of event-free survival may be appropriate for responders only, this point should be clearly stated.
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criteria would be valuable for evaluating clinical outcomes and for
trial design in MDS.

It will be important to apply these guidelines prospectively in
large trials and to critically assess their validity and usefulness.
Uniform criteria will help to determine the impact of a specific
clinical outcome on patient survival or improved quality of life.
The IPSS should be used as the primary stratification factor. In
addition, studies should prospectively assess whether there is a
difference in outcome for patients from 0 to 6 months, 6 to 12

months, and longer than 12 months from diagnosis of MDS. We
have also set an arbitrary threshold for minor cytogenetic response
at 50% normal metaphases; future studies must better correlate
cytogenetic response with survival. We anticipate that these
recommendations may require modification as more is learned
about the molecular biology and genetics of these disorders. We
hope that these guidelines will serve to improve communication
among investigators and to ensure comparability among clini-
cal trials.

References

1. Bennett JM, Catovsky D, Daniel MT, et al. Pro-
posals for the classification of the myelodysplas-
tic syndromes. Br J Haematol. 1982;51:189-199.

2. Bennett JM, Catovsky D, Daniel MT, et al. Pro-
posed revised criteria for the classification of
acute myeloid leukemia: a report of the French-
American-British group. Ann Intern Med. 1985;
103:626-629.

3. Nand S, Godwin JE. Hypoplastic myelodysplastic
syndrome. Cancer. 1988;62:958-964.

4. Harris NL, Jaffe ES, Diebold J, et al. World Health
Organization classification of neoplastic diseases
of the hematopoietic and lymphoid tissues: report
of the clinical advisory committee meeting—Airlie
House, Virginia. J Clin Oncol. 1999;17:3835-
3849.

5. Greenberg P, Cox C, LeBeau M, et al. Interna-
tional scoring system for evaluating prognosis in
myelodysplastic syndromes. Blood. 1997;89:
2079-2088.

6. Weisdorf DJ, Oken MM, Johnson GJ, Rydell RE.
Chronic myelodysplastic syndrome: short survival
with or without evolution to acute leukaemia. Br J
Haematol. 1983;55:691-700.

7. Greenberg P, Bishop M, Deeg J, et al. NCCN
practice guidelines for the myelodysplastic syn-
dromes. Oncology. 1998;12(11A; vol 4):53-86.

8. De Witte T. New treatment approaches for myelo-
dysplastic syndrome and secondary leukemias.
Ann Oncol. 1994;5:401-408.

9. Anderson JE, Appelbaum FR, Schoch G, et al.
Allogeneic marrow transplantation for myelodys-
plastic syndrome with advanced disease mor-

phology: a phase II study of busulfan, cyclophos-
phamide, and total-body irradiation and analysis
of prognostic factors. J Clin Oncol. 1996;14:220-
226.

10. De Witte T, Van Biezen A, Hermans J, et al. Au-
tologous bone marrow transplantation for patients
with myelodysplastic syndrome (MDS) or acute
myeloid leukemia following MDS. Blood. 1997;90:
3853-3857.

11. Cheson BD. Standard and low-dose chemo-
therapy for the treatment of myelodysplastic syn-
dromes. Leuk Res. 1998;22(suppl 1):S17–S21.

12. Silverman LR, Demakos EP, Peterson B, et al. A
randomized controlled trial of subcutaneous aza-
citidine (AZA C) in patients with the myelodys-
plastic syndrome (MDS): a study of the Cancer
and Leukemia Group B (CALGB) [abstract]. Proc
ASCO. 1998;17:14.

13. Beran M, Kantarjian H, O’Brien S, et al. Topote-
can, a topoisomerase I inhibitor, is active in the
treatment of myelodysplastic syndrome and
chronic myelomonocytic leukemia. Blood. 1996;
88:2473-2479.

14. List AF, Holmes H, Vempaty H, Greenberg PL,
Bennett JM. Phase II study of amifostine in pa-
tients with myelodysplastic syndromes (MDS):
impact on hematopoiesis [abstract]. Proc ASCO.
1999;18:51.

15. Silverman LR, Davis RB, Holland JF, et al. 5-Aza-
cytidine (AZ) as a low dose continuous infusion is
an effective therapy for patients with myelodys-
plastic syndromes (MDS) [abstract]. Proc ASCO.
1989;8:198.

16. Silverman LR, Holland JF, Nelson D, et al. Trilin-
eage (TLR) response of myelodysplastic syn-
dromes (MDS) to subcutaneous (SQ) azacytidine
(Aza C) [abstract]. Proc ASCO. 1991;10:222.

17. Wijermans PW, Krulder JWM, Huijgens PC, Neve
P. Continuous infusion of low-dose 5-aza-2’-de-
oxycytidine in elderly patients with high-risk my-
elodysplastic syndrome. Leukemia. 1997;
11(suppl 1):19-23.

18. List AF, Brasfield F, Heaton R, et al. Stimulation of
hematopoiesis by amifostine in patients with my-
elodysplastic syndrome. Blood. 1997;90:3364-
3369.

19. Kantarjian HM, Smith TL, O’Brien S, Beran M,
Pierce S, Talpaz M. Prolonged survival in chronic
myelogenous leukemia after cytogenetic re-
sponse to interferon-alpha therapy. Ann Intern
Med. 1995;122:254-262.

20. Cortes J, Talpaz M, O’Brien S, et al. Suppression
of cytogenetic clonal evolution with interferon alfa
therapy in patients with Philadelphia chromo-
some-positive chronic myelogenous leukemia.
J Clin Oncol. 1998;16:3279-3285.

21. Kornblith A, Herndon J II, Silverman LR, et al. The
impact of 5-azacytidine on the quality of life of
patients with the myelodysplastic syndrome
(MDS) treated in a randomized phase III trial of
the Cancer and Leukemia Group B (CALGB) [ab-
stract]. Proc Am Soc Clin Oncol. 1998;17:49.

22. Cella D. Quality of life outcomes: measurement
and validation. Oncology (Huntington). 1996;
10(suppl 11):233-246.

3674 CHESON et al BLOOD, 1 DECEMBER 2000 z VOLUME 96, NUMBER 12



SPECIAL ARTICLE

World Health Organization Classification of Neoplastic Diseases
of the Hematopoietic and Lymphoid Tissues: Report of the

Clinical Advisory Committee Meeting—Airlie House, Virginia,
November 1997

By Nancy Lee Harris, Elaine S. Jaffe, Jacques Diebold, Georges Flandrin, H. Konrad Muller-Hermelink, James Vardiman,
T. Andrew Lister, and Clara D. Bloomfield

Purpose: The European Association of Hemato-
pathologists and the Society for Hematopathology have
developed a new World Health Organization (WHO)
classification of hematologic malignancies, including
lymphoid, myeloid, histiocytic, and mast cell neo-
plasms.

Design: Ten committees of pathologists developed
lists and definitions of disease entities. A clinical advi-
sory committee (CAC) of international hematologists
and oncologists was formed to ensure that the classifica-
tion would be useful to clinicians. The CAC met in
November 1997 to discuss clinical issues related to the
classification.

Results: The WHO uses the Revised European-Ameri-
can Lymphoma (REAL) classification, published in 1994
by the International Lymphoma Study Group, to catego-
rize lymphoid neoplasms. The REAL classification is
based on the principle that a classification is a list of
‘‘real’’ disease entities, which are defined by a combina-
tion of morphology, immunophenotype, genetic fea-
tures, and clinical features. The relative importance of
each of these features varies among diseases, and there

is no one gold standard. The WHO classification applies
the principles of the REAL classification to myeloid and
histiocytic neoplasms. The classification of myeloid neo-
plasms recognizes distinct entities defined by a combina-
tion of morphology and cytogenetic abnormalities. At
the CAC meeting, which was organized around a series
of clinical questions, participants reached a consensus
on most of the questions posed. They concluded that
clinical groupings of lymphoid neoplasms were neither
necessary nor desirable. Patient treatment is deter-
mined by the specific type of lymphoma, with the
addition of grade within the tumor type, if applicable,
and clinical prognostic factors, such as the International
Prognostic Index.

Conclusion: The WHO classification has produced a
new and exciting degree of cooperation and communi-
cation between oncologists and pathologists from
around the world, which should facilitate progress in
the understanding and treatment of hematologic malig-
nancies.

J Clin Oncol 17:3835-3849. r 1999 by American
Society of Clinical Oncology.

THE SOCIETY FOR Hematopathology and the Euro-
pean Association of Hematopathologists jointly devel-

oped a classification of hematologic neoplasms for the
World Health Organization (WHO). A steering committee
composed of members of both societies was formed, and 10
committees were assigned the task of arriving at a consensus
list of myeloid, lymphoid, and histiocytic neoplasms, with
descriptions and criteria for diagnosis. A new classification
for lymphoid neoplasms was recently proposed,1 and the
goals of the WHO project were to update and revise that
classification, with input from additional experts in order to
broaden the consensus, and to extend the principles of
disease definition and consensus building to the myeloid and
histiocytic neoplasms. More than 50 pathologists from
around the world were involved in the project, which began
in 1995. Proponents of all major lymphoma and leukemia
classifications agreed that if a reasonable consensus emerged
from this effort, they would accept the WHO classification
of hematologic malignancies as the standard.

The proposed WHO classification of hematologic malig-
nancies stratifies neoplasms primarily according to their
lineage: myeloid neoplasms (Table 1), lymphoid neoplasms
(Tables 2 and 3), mast cell disorders (Table 4), and
histiocytic neoplasms (Table 5). Variants and subtypes of
selected neoplasms are listed in Tables 6 through 15. Within
each category, distinct diseases are defined according to a
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combination of morphology, immunophenotype, genetic
features, and clinical syndromes. The relative importance of
each criterion differs among the neoplasms, and there is no
one gold standard for classification of all hematologic
malignancies. The goal was to define disease entities that
could be recognized by pathologists and that have clinical
relevance.

To ensure that the proposed classification would be of
maximal use to oncologists, the steering committee invited
expert hematologists and oncologists to form a clinical
advisory committee (CAC), with American and European
co-chairs. The charge to the CAC was to review the
proposed classification and advise the pathologists on its
clinical utility. More than 40 hematologists and oncologists
from around the world agreed to participate. The proposed
classification was circulated, and all participants were invited to
submit topics and questions for discussion. A meeting was held
in November 1997, at Airlie House, VA, involving the CAC, all
pathologists involved in the WHO committees, and the
executive committees of the two hematopathology societies.

The meeting was organized around a series of questions
developed from those submitted by CAC members and
posed by the pathologists. Only controversial issues were
discussed; diseases were accepted as previously defined if
there were no new questions or data. Only lymphoid and
myeloid neoplasms were discussed at the meeting; histio-
cytic and mast cell tumors were not considered. Participants
were invited to present data relevant to each question, and
open discussion followed. At the end of each session, the
clinicians were asked to arrive at a consensus regarding each
question (as well as other issues raised at the meeting); if
necessary, a show of hands was taken as a vote. After the
meeting, participants were polled to resolve residual ques-
tions; several additional meetings of the pathology steering
committee and the CAC co-chairs were held for the same
purpose. The final classification will be published under the
auspices of the WHO.2

MYELOID NEOPLASMS

Despite advances in the understanding of genetic factors
in the biology of the myeloid neoplasms, particularly the
acute leukemias, the classification of these disorders has not
been recently updated. Thus, discussion of these disorders
generated considerable controversy. At several subsequent
meetings of pathologists and the clinical co-chairs, a consen-
sus on the classification emerged. The following summary
includes issues raised at the CAC meeting and resolutions
achieved subsequently.

In the French-American-British (FAB) classification, three
main categories of myeloid neoplasms are recognized: acute
myeloid leukemias, myelodysplastic syndromes, and myelo-

Table 1. Proposed WHO Classification of Myeloid Neoplasms

Myeloproliferative diseases
Chronic myelogenous leukemia, Philadelphia chromosome positive (t(9;

22)(qq34;q11), BCR/ABL)
Chronic neutrophilic leukemia
Chronic eosinophilic leukemia/hypereosinophilic syndrome
Chronic idiopathic myelofibrosis
Polycythemia vera
Essential thrombocythemia
Myeloproliferative disease, unclassifiable

Myelodysplastic/myeloproliferative diseases
Chronic myelomonocytic leukemia
Atypical chronic myelogenous leukemia
Juvenile myelomonocytic leukemia

Myelodysplastic syndromes
Refractory anemia

With ringed sideroblasts
Without ringed sideroblasts

Refractory cytopenia (myelodysplastic syndrome) with multilineage dys-
plasia

Refractory anemia (myelodysplastic syndrome) with excess blasts
5q2 syndrome
Myelodysplastic syndrome, unclassifiable

Acute myeloid leukemias*
AMLs with recurrent cytogenetic translocations

AML with t(8;21)(q22;q22), AML1(CBF-alpha)/ETO
Acute promyelocytic leukemia (AML with t(15;17)(q22;q11-12) and

variants, PML/RAR-alpha)
AML with abnormal bone marrow eosinophils (inv(16)(p13q22) or

t(16;16)(p13;q11), CBFb/MYH11X)
AML with 11q23 (MLL) abnormalities

AML with multilineage dysplasia
With prior myelodysplastic syndrome
Without prior myelodysplastic syndrome

AML and myelodysplastic syndromes, therapy-related
Alkylating agent–related
Epipodophyllotoxin-related (some may be lymphoid)
Other types

AML not otherwise categorized
AML minimally differentiated
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monocytic leukemia
Acute erythroid leukemia
Acute megakaryocytic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis

Acute biphenotypic leukemias

NOTE: Only major disease categories are listed; subtypes and variants will
be discussed in detail in the WHO book.2

Abbreviation: AML, acute myeloid leukemia.
*Acute lymphoid leukemias are included under lymphoid neoplasms and in

Table 6.
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proliferative disorders.3 The blast count, lineage commit-
ment, and level of differentiation of the neoplastic cells are
the major determinants of the categories recognized, using
morphologic, cytochemical, and immunophenotypic fea-
tures. Recently, genetic features (cytogenetic and molecular
genetic), as well as other features, such as prior therapy and
a history of myelodysplasia, have been shown to have a
significant impact on the clinical behavior of these disorders,
and these features do not always correlate perfectly with the
FAB categories. Thus, a major focus of debate was how to
integrate genetic and clinical features with morphology,
cytochemistry, and immunophenotype into a classification
that could be used by pathologists and have clinical relevance. A
key issue, as with the lymphoid neoplasms, was todiscriminate
between disease entities and prognostic factors. Some genetic
abnormalities seem to define distinct diseases,whereas others
are prognostic factors within a given disease. Also debated
was whether all diseases fit into one of the three major
categories or whether additional broad categories are needed.

After discussion, it seemed that a paradigm similar to that
adopted for the Revised European-American Lymphoma
(REAL) classification could at least tentatively apply to the
myeloid disorders; namely, a combination of morphology,
immunophenotype, genetic features, and clinical features
could be used to define distinct disease entities. The
technology of genetic analysis is evolving rapidly, and it is
likely that advances in this field will necessitate revisions to

Table 2. Proposed WHO Classification of Lymphoid Neoplasms

B-Cell neoplasms
Precursor B-cell neoplasm

Precursor B-lymphoblastic leukemia/lymphoma (precursor B-cell
acute lymphoblastic leukemia)

Mature (peripheral) B-cell neoplasms*
B-cell chronic lymphocytic leukemia/small lymphocytic lymphoma
B-cell prolymphocytic leukemia
Lymphoplasmacytic lymphoma
Splenic marginal zone B-cell lymphoma (1/2 villous lymphocytes)
Hairy cell leukemia
Plasma cell myeloma/plasmacytoma
Extranodal marginal zone B-cell lymphoma of MALT type
Nodal marginal zone B-cell lymphoma (1/2 monocytoid B cells)
Follicular lymphoma
Mantle-cell lymphoma
Diffuse large B-cell lymphoma

Mediastinal large B-cell lymphoma
Primary effusion lymphoma

Burkitt’s lymphoma/Burkitt cell leukemia
T-cell and NK-cell neoplasms

Precursor T-cell neoplasm
Precursor T-lymphoblastic lymphoma/leukemia (precursor T-cell

acute lymphoblastic leukemia)
Mature (peripheral) T-cell neoplasms*

T-cell prolymphocytic leukemia
T-cell granular lymphocytic leukemia
Aggressive NK-cell leukemia
Adult T-cell lymphoma/leukemia (HTLV11)
Extranodal NK/T-cell lymphoma, nasal type
Enteropathy-type T-cell lymphoma
Hepatosplenic gamma-delta T-cell lymphoma
Subcutaneous panniculitis-like T-cell lymphoma
Mycosis fungoides/Sezary syndrome
Anaplastic large-cell lymphoma, T/null cell, primary cutaneous type
Peripheral T-cell lymphoma, not otherwise characterized
Angioimmunoblastic T-cell lymphoma
Anaplastic large-cell lymphoma, T/null cell, primary systemic type

Hodgkin’s lymphoma (Hodgkin’s disease)
Nodular lymphocyte-predominant Hodgkin’s lymphoma
Classical Hodgkin’s lymphoma

Nodular sclerosis Hodgkin’s lymphoma (grades 1 and 2)
Lymphocyte-rich classical Hodgkin’s lymphoma
Mixed cellularity Hodgkin’s lymphoma
Lymphocyte depletion Hodgkin’s lymphoma

NOTE: Only major categories are included. Subtypes and variants will be
discussed in the WHO book2 and are listed in Tables 7 through 16. Common
entities are shown in boldface type.

Abbreviations: HTLV11, human T-cell leukemia virus; MALT, mucosa-
associated lymphoid tissue; NK, natural killer.

*B- and T-/NK-cell neoplasms are grouped according to major clinical
presentations (predominantly disseminated/leukemic, primary extranodal,
predominantly nodal).

Table 3. Categories of Posttransplant Lymphoproliferative Disorders

Early lesions
Reactive plasmacytic hyperplasia
Infectious mononucleosis-like

PTLD, polymorphic
Polyclonal (rare)
Monoclonal

PTLD, monomorphic (classify according to lymphoma classification)
B-cell lymphomas

Diffuse large B-cell lymphoma (immunoblastic, centroblastic, ana-
plastic)

Burkitt’s/Burkitt-like lymphoma
Plasma cell myeloma

T-cell lymphomas
Peripheral T-cell lymphoma, not otherwise categorized
Other types (hepatosplenic, gamma-delta, T/NK)

Other types, rare
Hodgkin’s disease-like lesions (associated with methotrexate therapy)
Plasmacytoma-like lesions

Table 4. Mast Cell Diseases

Cutaneous mastocytosis
Systemic mast cell disease (1/2 skin involvement)
Systemic mast cell disease with associated hematologic disorder (1/2 skin

involvement)
Mast cell leukemia/sarcoma
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any current classification in the near future. The pathologists
proposed four major groups of myeloid diseases: myelopro-
liferative diseases (MPDs), myelodysplastic/myeloprolifera-
tive diseases (MD/MPDs), myelodysplastic syndromes
(MDSs), and acute myeloid leukemias (AMLs). Within the
category of AML, four main groups are recognized: (1)
AML with recurrent cytogenetic translocations; (2) AML
with myelodysplasia-related features; (3) therapy-related
AML and MDS; and (4) AML not otherwise specified.

Myeloproliferative Diseases

MPDs are clonal stem-cell disorders characterized by
‘‘effective’’hematopoiesis that results in elevated peripheral-
blood levels of one or more cell lines and hepatospleno-
megaly; the marrow is hypercellular with maturation and
without dysplasia. Among the MPDs, the prototype is
Philadelphia chromosome (Ph1)–positive (BCR/ABL1)
chronic myelogenous leukemia (CML). The other accepted
entities are polycythemia vera, idiopathic myelofibrosis, and
essential thrombocythemia. Controversies within this group
include the definitions and classification of juvenile myelo-
monocytic leukemia (JMML; also known as juvenile chronic
myeloid leukemia and juvenile chronic myelomonocytic
leukemia), chronic myelomonocytic leukemia (CMML),
and atypical CML.

Should JMML be a separate category? Should it be
classified as an MDS or an MPD?The CAC accepted the
conclusions of the International Study Group for Pediatric
MDS that JMML is a separate disorder, distinct from adult
chronic myeloid or myelomonocytic leukemia. CAC mem-
bers proposed that the term JMML be adopted. They favored
including it in the MPDs; however, the pathologists recom-

mended that a separate category be formed to include JMML
and other disorders that combine features of myeloprolifera-
tive and myelodysplastic syndromes.

Should CMML be divided into MDS and MPD types?
CMML has long been recognized as a disorder that has
features of both myelodysplastic and myeloproliferative
syndromes. Nearly half the patients present with low or
normal neutrophil counts, multilineage marrow dysplasia,
no organomegaly, and bone marrow morphology that re-
sembles refractory anemia with excess blasts (RAEB) but
with monocytosis. Other patients have marked neutrophilia,
monocytosis, and splenomegaly. It has been debated whether
this is really two diseases—one an MDS and the other an
MPD. However, studies to date have shown no differences in
cytogenetic abnormalities, oncogene mutations, in vitro colony
growth patterns, or clinical outcome between the two types of
CMML. It was the consensus at the meeting that CMML is one
disease. The CAC concluded that CMML fits better in the MPD
than in the MDS category, but after subsequent discussions, the
pathologists recommended that it be included in a separate
category, along with JMML, of disorders with both myeloprolif-
erative and myelodysplastic features.

What should the nomenclature and category be for
atypical CML (aCML)? Atypical CML was first recognized
as a disease involving predominantly the neutrophil series
and lacking Ph1 or theBCR/ABL translocation. It has
dysplastic as well as proliferative features and often occurs
with multilineage dysplasia. The prognosis is significantly
worse than that for Ph11 CML. It is clear that it is clinically,
genetically, and morphologically distinct from Ph11 CML;
therefore, the term aCML is suboptimal, implying both a

Table 5. Histiocytic and Dendritic Cell Neoplasms

Macrophage/histiocytic neoplasm
Histiocytic sarcoma

Dendritic Cell neoplasms
Langerhans cell histiocytosis
Langerhans cell sarcoma
Interdigitating dendritic cell sarcoma/tumor
Follicular dendritic cell sarcoma/tumor
Dendritic cell sarcoma, not otherwise specified

Table 6. Acute Lymphoid Leukemias

Precursor B-cell acute lymphoblastic leukemia (cytogenetic subgroups)
t(9;22)(a34;q11); BCR/ABL
t(v;11q23); MLL rearranged
t(1;19)(q23;p13) E2A/PBX1
t(12;21)(p12;q22) ETV/CBF-alpha

Precursor T-cell acute lymphoblastic leukemia
Burkitt-cell leukemia

Table 7. B-Cell Neoplasms, Predominantly Disseminated/Leukemic
Types, Variants

B-cell CLL/SLL
Variant: with monoclonal gammopathy/plasmacytoid differentiation

Hairy cell leukemia
Variant: hairy cell leukemia variant

Table 8. Follicular and Mantle-Cell Lymphomas: Grading and Variants

Follicular lymphoma
Grade 1, 0-5 centroblasts/hpf
Grade 2, 6-15 centroblasts/hpf
Grade 3, . 15 centroblasts/hpf

3a, . 15 centroblasts, but centrocytes are still present
3b, Centroblasts form solid sheets with no residual centrocytes

Variants
Cutaneous follicle center lymphoma
Diffuse follicle center lymphoma

Grade 1, 0-5 CB/hpf
Grade 2, 6-15 CB/hpf

Mantle-cell lymphoma
Variant: blastoid
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relationship to Ph11 CML and a chronic process. The CAC
was unable to agree on another name, and thought the term
aCML could be retained, provided the disease was clearly
defined so as to prevent confusion. The pathologists recom-
mended placing aCML with JMML and CMML in a
category of MD/MPD.

Should there be a separate category for cases that are
neither MDS nor MPD? For reasons mentioned above, the
pathologists recommended a fourth category of myeloid
neoplasms to contain those cases that are inherently prolifera-
tive but show dysplastic features, such as JMML, CMML,
and aCML. It was the opinion of the clinicians that such a
category was not desirable and that these diseases could be
placed in the MPD category. The pathologists contended that
thesedisordershavemanycommon features, includingabnormali-
ties of both the granulocytic and monocytic lines and a relatively
aggressive course, that distinguish them from the MDS and
MPD categories and argued for placing them together.

MPDs: Summary.
1. Should JMML be a separate category? YES
2. Should CMML be divided into MDS and MPD types?

NO
3. What should we call aCML? aCML
4. Should there be a separate category for cases that are

neither MDS nor MPD? NO CONSENSUS
● Pathologists proposed a category of MDS/MPD to

include JMML, CMML, and aCML.

Acute Myeloid Leukemia and Myelodysplastic Syndrome

What blast count should define AML?According to the
FAB standard, AML is defined by the presence of 30%
blasts. However, recent studies have indicated that patients

with 20% to 30% blasts (classified as RAEB in transforma-
tion) have a prognosis similar to that of patients with more
than 30% blasts. Thus, there was a consensus that the blast
count for the diagnosis of AML should be 20% and the
RAEB in transformation category should be dropped.

Should cytogenetic/molecular categories of AML be recog-
nized as distinct diseases?Several specific cytogenetic
abnormalities in AML are associated with characteristic
morphology and have distinctive clinical features. With the
exception of promyelocytic leukemia/M3 with t(15;17),
these genetic abnormalities do not correlate precisely with
FAB categories. The consensus of the CAC was that these
categories should be recognized as distinct entities within
the classification. After discussion, the pathologists agreed
that it would be possible to develop morphologic criteria for
these categories that would permit them to be recognized, or
at least suspected, by pathologists, who should then suggest
confirmation by genetic analysis. The following specific
categories will be defined: (1) AML with t(8;21)(q22;q22),
AML1(CBF-alpha)/ETO; (2) acute promyelocytic leukemia
(AML with t(15;17)(q22;q11-12) and variants,PML/RAR-
alpha); (3) AML with abnormal bone marrow eosinophils
(inv(16)(p13q22) or t(16;16)(p13;q22),CBF-beta/MYH11);
and (4) AML with 11q23 (MLL) abnormalities.

Table 9. DLBCL, Morphologic Variants and Subtypes

Morphologic variants
Centroblastic
Immunoblastic
T-cell/histiocyte-rich
Lymphomatoid granulomatosis type
Anaplastic large B-cell
Plasmablastic

Subtypes
Mediastinal (thymic) large B-cell lymphoma
Primary effusion lymphoma
Intravascular large B-cell lymphoma

Table 10. Burkitt’s Lymphoma, Morphologic Variants and Subtypes

Morphologic variants
Burkitt-like
With plasmacytoid differentiation (AIDS-associated)

Subtypes, clinical and genetic
Endemic
Sporadic
Immunodeficiency-associated

Table 11. Plasma Cell Disorders: Subtypes and Variants

Monoclonal gammopathy of undetermined significance
Plasma cell myeloma variants

Indolent myeloma
Smoldering myeloma
Osteosclerotic myeloma (POEMS syndrome)
Plasma cell leukemia
Nonsecretory myeloma

Plasmacytoma variants
Solitary plasmacytoma of bone
Extramedullary plasmacytoma

Abbreviation: POEMS, polyneuropathy, organomegaly, endocrinopathy,
M-component, skin changes.

Table 12. Immunosecretory Disorders (clinical manifestations of diverse
lymphoid neoplasms)

Clinical Syndrome Underlying Neoplasm

Waldenström’s macroglobulinemia Lymphoplastmacytic lymphoma
Heavy-chain diseases

Gamma HCD Lymphoplasmacytic lymphoma
Alpha HCD Extranodal marginal zone lymphoma

(immunoproliferative small intes-
tinal disorder)

Mu HCD B-cell CLL
Immunoglobulin deposition diseases

Systemic light-chain disease Plasma cell myeloma, monoclonal
gammopathy

Primary amyloidosis Plasma cell myeloma, monoclonal
gammopathy

Abbreviation: HCD, heavy-chain disease.
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The specific morphologic features of these disorders will
be described in the classification,2 and these entities will be
excluded from the FAB categories used for cases that lack these
abnormalities. In addition, cases with these specific cytogenetic
abnormalities with low blast counts, which in the past might have
been diagnosed as MDS, will now be classified asAML.

Should multilineage dysplasia, prior MDS, and/or prior
therapy be included in the classification of AML?Severe
multilineage dysplasia, defined as the presence of dysplastic
features in two or more cell lines, has been shown to be
associated with poor outcome in AML. Similarly, AML
arising in patients with a history of MDS also has a poor
prognosis. Therapy-related leukemias secondary to alkylat-
ing-agent therapy are clearly different from many de novo
acute leukemias; they are associated with characteristic
cytogenetic abnormalities (3q2, 25, 5q2, 27, 7q2, 18,
19, 11q2, 12p2, 218, 219, 20q2, 121, t(1;7), t(2;11),
complex karyotypes) and a worse prognosis and often show
multilineage dysplasia or are preceded by a hypoprolifera-
tive state with multilineage dysplasia, resembling MDS.
Similar cytogenetic abnormalities are often seen in MDS not
associated with prior therapy and in de novo acute leuke-
mias, particularly in the elderly. It has been suggested that all
of these disorders reflect similar genetic damage, which may
be either environmental or iatrogenic. There was a consen-
sus that the presence of multilineage dysplasia at the time of
the diagnosis of acute leukemia, a history of myelodysplasia,
and prior alkylating-agent therapy were all adverse prognos-
tic factors, which may reflect a common pathogenesis. The
committee concluded that multilineage dysplasia, a history

of MDS, and a history of alkylating-agent therapy should be
included in the classification of AML.

The specific cytogenetic abnormalities common to MDS,
alkylating-agent–related AML, and poor-prognosis AML
(3q2, 25, 5q2, 27, 7q2, 18, 19, 11q2, 12p2, 218,
219, 20q2, 121, t(1;7), t(2;11), complex karyotypes) likely
reflect a common pathogenesis of these lesions, distinct
from that of other de novo AMLs. However, there was no
consensus on the role of these abnormalities in defining
disease entities within the classification. Our understanding
of this issue will likely improve in the near future, necessitat-
ing a change in the major groupings. However, for the present,
cytogenetic abnormalities indicative of poor prognosis should be
recognized as prognostic factors within each category ofAML.

Therapy with topoisomerase II inhibitors (epipodophyllo-
toxins and doxorubicin) is also associated with secondary
leukemias, which are often myeloid but may be lymphoid.
They typically show cytogenetic abnormalities associated
with de novo AML—most commonly translocations involv-
ing 11q23 (MLL) but also occasionally t(8;21), inv(16), or
t(15;17). These cases should also be recognized in the
classification as distinct from alkylating-agent–related sec-
ondary leukemias.

Should refractory cytopenia with multilineage dysplasia
be a separate category?MDSs are clonal stem-cell disor-
ders characterized by ineffective hematopoiesis that results
clinically in peripheral-blood cytopenias; the marrow is
variably hypercellular, and patients show poor responses to
chemotherapy and have an increased risk of progression to
acute leukemia. Refractory anemia and refractory anemia
with ring sideroblasts were defined in the FAB classification
as having dysplasia largely restricted to the erythroid line.
Recent studies have shown that patients with MDS and less

Table 13. T-Cell Neoplasms, Disseminated Leukemic Types: Variants

T-cell prolymphocytic leukemia, morphologic variants
Small cell
Cerebriform cell

Adult T-cell leukemia/lymphoma (HTLV11), clinical variants
Acute
Lymphomatous
Chronic
Smoldering
Hodgkin-like

Table 14. Peripheral T-cell Neoplasms, Primary Extranodal Types:
Variants and Subtypes

Mycosis fungoides variants
Pagetoid reticulosis
MF-associated follicular mucinosis
Granulomatous slack skin disease

Primary cutaneous CD301 T-cell lymphoproliferative disorders
Lymphomatoid papulosis, types A and B*
Primary cutaneous ALCL
Borderline lesions

*Lymphomatoid papulosis is not considered a neoplasm.

Table 15. Peripheral T-Cell Neoplasms, Predominantly Nodal Types:
Variants

Peripheral T-cell lymphoma not otherwise categorized, variants
Lymphoepithelioid (Lennert’s)
T-zone

Anaplastic large cell lymphoma T-null cell type, variants
Lymphohistiocytic
Small cell

Table 16. Proposed Categories of Unclassifiable Hematologic Malignancies

Hematologic malignancy, unclassifiable
Myeloid neoplasm, unclassifiable

Myeloproliferative disease, unclassifiable
Myelodysplastic syndrome, unclassifiable
Acute myeloid leukemia, unclassifiable

Lymphoid neoplasm/lymphoma, unclassifiable
B-cell lymphoma, unclassifiable
T-cell lymphoma, unclassifiable
Hodgkin’s disease, unclassifiable

Histiocytic neoplasm, unclassifiable
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than 5% blasts but with significant dysplasia involving
granulocytic and megakaryocytic lines have a worse progno-
sis and are more likely to die of marrow failure or progress to
acute leukemia (similar to RAEB) than patients with MDS
who lack these features. Thus, the committee agreed that a
separate category is needed for these cases. Multilineage
dysplasia is defined as the presence of dysplastic features in
two or more cell lines. Refractory anemia (with or without
ring sideroblasts) will continue to be defined as a disorder
involving the erythroid line only. MDS will exclude cases of
low-blast-count leukemias that show one of the following
AML type cytogenetic abnormalities: t(8;21), inv(16), or
t(15;17). Because of the distinctive morphologic and clinical
features of the 5q2 syndrome, the pathologists agreed that
this should be a separate category within MDS.

AML and MDS: Summary.
1. What blast count should define AML? 20%

● (eliminate RAEB in transformation)
2. Should cytogenetic/molecular categories be recog-

nized as distinct diseases? YES
● t(8;21)(q22;q22), AML1(CBF-alpha)/ETO
● Acute promyelocytic leukemia t(15;17)(q22;q11-

12),PML/RAR-alpha and variants
● AML with abnormal bone marrow eosinophils

(inv(16)(p13q22) and variants,CBF-beta/MYH11)
● 11q23,MLL abnormalities

3. Should severe multilineage dysplasia, prior therapy,
and/or prior MDS be included in classification of
AML? YES

4. Should MDS with multilineage dysplasia be a separate
category? YES

LYMPHOID NEOPLASMS

The proposed WHO classification of lymphoid neoplasms
adopts the REAL classification, proposed by the Interna-
tional Lymphoma Study Group. The REAL classification is
based on the premise that a classification should attempt to
define distinct disease entities, using all available informa-
tion, including morphology, immunophenotype, genetic fea-
tures, and clinical features. There is no single gold standard,
and the importance of various criteria for both definition and
diagnosis differs among different diseases. On the basis of 3
years of experience with the REAL classification and input
from the committees, several changes were proposed for the
WHO classification. Theseincluded changes in nomenclature,
division of heterogeneous categories, and adoption of ‘‘provi-
sional’’ entities as ‘‘real.’’ The proposed WHO classification
recognizes B-cell neoplasms, T-cell/natural-killer (NK)–cell
neoplasms, and Hodgkin’s disease (HD). The T- and B-cell
neoplasms were stratified into precursor, or lymphoblastic,
neoplasms (acute lymphoblastic leukemia [ALL] and lym-
phoblastic lymphoma) and mature (peripheral) B- and T-cell

neoplasms. Themature B- and T-cell neoplasms were infor-
mally grouped according to their major clinical presentations:
predominantly disseminated/leukemic, primary extranodal,
and predominantly nodal diseases. The pathologists sought
input from the clinicians on these changes as well as on issues
that remained controversial or problematic, such as grading of
follicular lymphoma, how to define Burkitt-like lymphoma,
subclassification of large B-cell lymphomas and mature T-cell
lymphomas, and the desirability of clinical groupings of the
non-Hodgkin’s lymphomas.

Precursor Neoplasms

Should the FAB terms (L1, L2, L3) be retained?There
was a consensus that the FAB terms are no longer relevant,
since L1 and L2 morphology do not predict immunopheno-
type, genetic abnormalities, or clinical behavior. L3 is
generally equivalent to Burkitt’s lymphoma in leukemic
phase and should be diagnosed as such.

Are lymphoblastic leukemias and lymphoblastic lympho-
mas a single disease with different presentations?There
was a consensus that the precursor neoplasms presenting as
solid tumors and those presenting with marrow and blood
involvement are biologically the same disease with different
clinical presentations. The presence of bone marrow and
peripheral-blood involvement are principally prognostic
factors/staging issues and not classification issues, although
the biologic basis for the different clinical presentations is
not fully understood. Most precursor lymphoid neoplasms
present as leukemia; thus, it was agreed that the classifica-
tion should retain the term ALL for the leukemic phase of
precursor neoplasms of T and B types (Table 6).

Should genetic abnormalities be included in the classifica-
tion? Genetic abnormalities are important prognostic fac-
tors within precursor B lymphoblastic neoplasms (t(9;22)(q34;
q11), BCR/ABL; 11q23, MLL; t(1;19)(q23;p13),E2A/PBX1;
t(12;21)(p12;q22);ETV/CBF-alpha). Pathologists who at-
tempt to diagnose these neoplasms should be familiar with
the types and significance of genetic abnormalities that can
be seen. Genetic analysis should form part of (or anaddendum
to) the pathology report whenever feasible (Table 6).

Precursor Neoplasms: Summary.
1. Should the FAB terms (L1, L2, L3) be retained? NO
2. Are acute lymphoblastic leukemias and lymphoblastic

lymphomas a single disease with different clinical
presentations? YES
● Retain the term leukemia for ALL of precursor T

and B types.
3. Should cytogenetics be included in classification? YES

● Cytogenetics should be included as prognostic fac-
tors within each subtype.
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● t(9;22)(q34;q11), BCR/ABL; 11q23, MLL; t(1;
19)(q23;p13),E2A/PBX1; t(12;21)(p12;q22),ETV/
CBF-alpha.

Mature B and T/NK Neoplasms

As for the precursor neoplasms, the proposed classifica-
tion considers lymphomas and lymphoid leukemias of the
same cell type as one disease with different clinical presenta-
tions or stages. For the mature B and T/NK neoplasms, this
question is primarily relevant to B-cell chronic lymphocytic
leukemia (CLL) and B-cell small lymphocytic lymphoma
(SLL). Although patients in some locations may be seen by
different physicians based on their presentation (eg, patients
with peripheral-blood involvement [leukemias] are seen by
hematologists and those with tissue involvement [lympho-
mas] are seen by oncologists), there was a consensus that the
two diseases are biologically the same (Table 7).

Follicular Lymphoma

Should the nomenclature be changed to follicular lym-
phoma? The WHO committee proposed to change the
nomenclature from follicle center lymphoma to follicular
lymphoma. The CAC overwhelmingly approved this pro-
posal. For the rare case of purely diffuse lymphoma that seems to
be of follicle center origin (predominance ofcentrocytes, rare
centroblasts,BCL2 rearranged), the term follicle center
lymphoma, diffuse, will be retained as a separate category.
This diagnosis should only be made if both small and large
cells are B cells and preferably with demonstration of some
indicator of follicle center derivation, such asBCL2 rear-
rangement or CD10 expression (Table 8).

Should follicular lymphoma be graded by the number of
large cells? The following points were made. First, follicu-
lar lymphoma of grade 1 (follicular small cleaved) and grade
2 (follicular mixed) are more closely related to each other
than to grade 3 follicular lymphoma (follicular large cell),
since in sequential biopsies, transitions are seen from grade
1 (follicular small cleaved) to grade 2 (follicular mixed) and
vice versa but rarely from grade 1 to grade 3 (follicular large
cell). Second, patients with grade 3 tend to have earlier
relapses (worse freedom from relapse) than do patients with
grades 1 and 2 but similar overall survival, and this inferior
freedom from relapse may be obliterated by doxorubicin-
containing therapy. Third, grade 3 follicular lymphoma is
not the same disease as diffuse large B-cell lymphoma
(DLBCL) because it has a higher relapse rate, although it
also has a slightly better overall survival. Finally, patholo-
gists discriminate poorly between follicular lymphoma of
grades 1 and 2, but they may be better able to discriminate
between these and grade 3 cases. Several studies suggest that
the Berard criteria3 for the diagnosis of grade 3 follicular

lymphoma (. 15 centroblasts/high-power field [hpf]) may
best define the group of cases with a potential for early
relapses that may be prevented bydoxorubicin-containing
chemotherapy. There was no consensus on whether this is
warranted as initial therapy for these patients. It was also noted
that factors other than histologic grade affect outcome in patients
with follicular lymphoma, including clinical features summa-
rized in the International Prognostic Index and potential biologic
markers such as Bcl-2 protein expression andP53mutations.

In summary, there was a consensus that follicular lym-
phoma should be categorized into at least two grades and
that what is currently recognized as grade 3 (follicular large
cell) should be discriminated from lower-grade cases. Al-
though there are minor differences in natural history and
response to treatment between grades 1 and 2 follicular
lymphoma, there was a consensus that these did not mandate
different approaches to treatment and thus were not of great
clinical importance. Nonetheless, there was concern that
changing the nomenclature would be potentially confusing
and that a three-grade system should be retained. The
pathologists were encouraged to define clinically relevant
and reproducible criteria for such grading. After discussion,
the pathologists concluded that since only the Berard cell-
counting method has been repeatedly tested in theliterature, it
should be recommended for use (grade 1, zero to five centroblasts/
hpf; grade 2, six to 15 centroblasts/hpf; andgrade 3,. 15
centroblasts/hpf). Ten to 20 hpfs, within different follicles,
are counted; these are representative follicles, not those
selected for having the most numerous large cells.4

Should diffuse areas be reported?Several oncologists
were of the opinion that diffuse areas in all grades of
follicular lymphoma do seem to have an impact on progno-
sis. There was a consensus that diffuse areas should be
reported and quantified according to the recommendations
of the REAL classification, ie, predominantly follicular (.

75% follicular), follicular and diffuse (25% to 75% follicu-
lar), and predominantly diffuse (, 25% follicular). How-
ever, it is not clear what the implications of these features for
treatment would be. In grade 3 follicular lymphoma, diffuse
areas represent areas of DLBCL and should be reported as
such (eg, follicular lymphoma, grade 3/3 [75%] with DL-
BCL [25%], not follicular lymphoma, grade 3, follicular and
diffuse). The presence of DLBCL in any follicular lym-
phoma will dictate more aggressive therapy.

Follicular Lymphoma: Summary.
1. Change nomenclature from follicle center lymphoma

to follicular lymphoma? YES
2. Should follicular lymphoma be graded by the number

of large cells? YES
3. Are two grades adequate for clinical practice? YES
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● However, three grades will be used to avoid confu-
sion.

4. What should be method of grading? NO CONSEN-
SUS
● Pathologists recommended the cell-counting method,

ie, for grade 1, one to five centroblasts/hpf; for grade
2, six to 15 centroblasts/hpf; and for grade 3, more
than 15 centroblasts/hpf.

5. Should diffuse areas be reported? YES
6. How should diffuse areas be quantified? NO CONSEN-

SUS
● Pathologists recommended criteria suggested in the

REAL classification, ie, follicular (. 75% follicu-
lar), follicular and diffuse (25% to 75% follicular),
and predominantly diffuse (, 25% follicular).

● Areas of DLBCL should be classified separately. An
example of suggested terminology is follicular
lymphoma, grade 3/3 (75%), with DLBCL (25%).

Marginal Zone Lymphomas

Should the term extranodal marginal zone B-cell lym-
phoma of mucosa-associated lymphoid tissue (MALT) or
MALT-type lymphoma be applied only to a lymphoma
composed mostly of small cells? What should the terminol-
ogy be for large-cell lymphoma in a MALT site?The term
high-grade MALT lymphoma, which is used by some
pathologists to denote either transformation of a low-grade
MALT lymphoma or any large B-cell lymphoma in a MALT
site, is confusing to clinicians, who have come to regard the
term MALT lymphoma to be synonymous with a lesion that
may respond to antibiotic therapy for eradication ofHelico-
bacter pylori. Because patients with a component of large-
cell lymphoma may not respond to antibiotic therapy, the
oncologists were concerned that use of this term could result
in undertreatment of extranodal large-cell lymphoma. Fur-
thermore, recent data show that the types of cytogenetic
abnormalities seen in low-grade MALT lymphomas differ
from those seen in primary large-cell lymphoma of the
stomach, raising the question of whether these primary
lymphomas are really related to low-grade MALT lympho-
mas. Therefore, the oncologists preferred that the term
MALT lymphoma be used only for the low-grade lymphoma
originally described as low-grade B-cell lymphoma of
MALT. Areas of large-cell lymphoma, if present, should be
separately diagnosed as DLBCL. Primary large-cell lympho-
mas of MALT sites should be diagnosed as DLBCL, not as
high-grade MALT lymphoma.

Should marginal zone/MALT lymphoma be graded by the
proportion of large cells? The issue of grading MALT
lymphoma has not been studied extensively. Several early
reports suggested that cases with up to 25% large cells did

not have a worse prognosis than cases with fewer large cells.
However, a recent report of patients treated primarily with
antibiotics found that the presence of increased transformed
cells (5% to 10% with clusters of, 20 cells) conferred a
slight but significantly worse prognosis compared with cases
with less than 5% large cells. Cases with high-grade areas
consisting of sheets of blasts (. 20 cells) behaved similarly
to large-cell lymphoma with no low-grade component. In
addition, it was reported at the meeting that the international
non-Hodgkin’s lymphoma classification project found that
the presence of more than 5% large cells in an extranodal
marginal zone lymphoma conferred a worse prognosis, as
did areas of DLBCL. The consensus of the committee was
that increased numbers of large cells may be of prognostic
importance in MALT lymphoma and warrant further study.
The WHO classification should specify criteria for grading
so that its significance can be tested in future clinical studies.
In cases of marginal zone B-cell lymphoma (low-grade
MALT lymphoma) with coexisting DLBCL, a separate
diagnosis of DLBCL should be made. The principle is
therefore similar to that for follicular lymphoma: the tumors
are graded according to the number of large cells, but when
confluent areas of large cells are present, this indicates
transformation to DLBCL.

Marginal zone lymphomas of nodal and splenic type: Are
they ‘‘real’’? There was a consensus that recent data
support the recognition that two other types of lymphoma,
called marginal zone lymphomas, are distinct from MALT
lymphoma and from each other. Splenic marginal zone
lymphoma seems to be the tissue counterpart of splenic
lymphoma with villous lymphocytes. Patients are typically
older adults with bone marrow and blood involvement and
an indolent clinical course. Nodal marginal zone lymphoma
(which often has a prominent monocytoid B-cell compo-
nent) must be distinguished from both MALT lymphoma
with lymph node involvement and from other lymphomas
(particularly follicular and mantle cell lymphoma) with a
marginal zone pattern or a component of monocytoid B
cells. Nodal marginal zone lymphoma seems to have a high
rate of early relapse and overall survival similar to or slightly
worse than that of follicular lymphoma.

Marginal Zone Lymphomas: Summary.
1. Should the term, extranodal marginal zone B-cell

lymphoma of MALT or MALT-type lymphoma be
applied only to a lymphoma composed mostly of small
cells and not to large-cell lymphoma in a MALT site?
YES

2. Should the term high-grade MALT lymphoma be
used? NO
● Suggested terminology: DLBCL (with or without

areas of marginal zone/MALT-type lymphoma).
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3. Should extranodal marginal zone B-cell lymphoma of
MALT type be further graded/stratified based on the
number of large cells? RESEARCH QUESTION
● Criteria should be given so that additional studies

can be conducted.
4. Are nodal and splenic marginal zone lymphoma dis-

tinct diseases that should be recognized and defined in
the classification? YES

B-Cell Chronic Lymphocytic Leukemia/Small Lymphocytic
Lymphoma

Are B-cell CLL and SLL one disease at different stages?
As for the precursor neoplasms and Burkitt’s lymphoma, the
committee agreed with the pathologists that B-cell CLL and
SLL are one disease at different stages, not two separate
entities, and that they should be listed together in the
classification.

Are cases of B-cell CLL with plasmacytoid differentiation
(lymphoplasmacytoid immunocytoma in the Kiel classifica-
tion) a different disease from typical CLL?Data from
several groups using the Kiel classification suggest that
plasmacytoid differentiation may be an adverse prognostic
factor in B-cell CLL; the committee concluded that the
available data do not support calling it a different disease and
that further study is needed to determine whether plasmacy-
toid differentiation is an adverse prognostic factor in CLL.
Therefore, recognition of this feature is not required for
diagnosis for clinical purposes, but criteria for diagnosing
plasmacytoid differentiation should be agreed on, if pos-
sible, for future studies.

B-Cell CLL/SLL: Summary
1. Are B-cell CLL and SLL one disease at different

stages? YES
2. Is plasmacytoid differentiation an indication of a

different disease? NO
3. Is plasmacytoid differentiation a prognostic factor?

RESEARCH QUESTION

Mantle-Cell Lymphoma

Should mantle-cell lymphoma be subclassified/graded for
clinical purposes?Anumber of studies have found morpho-
logic heterogeneity in mantle-cell lymphoma in both pattern
and cytology and have suggested that some features may
predict outcome. For example, cases with a mantle zone
pattern have been less aggressive in some studies but not in
others, and cases with blastic or blastoid morphology have
had a worse prognosis in some reports. It was the consensus
of the committee that, since no effective therapy currently
exists for any type of mantle-cell lymphoma, stratification
by morphologic features was not required for clinical

diagnostic purposes at this time. However, the different
cytologic types and patterns should be included in the WHO
book on the classification, so that variant cases will be
recognized as mantle-cell lymphoma for diagnosis and
graded similarly for research studies.

Mantle-Cell Lymphoma: Summary.Should mantle-cell
lymphoma be subclassified/graded for clinical purposes? By
cytology? NO By pattern? NO

● Different cytologic types and patterns should be in-
cluded so that they will be recognized as mantle-cell
lymphoma for diagnosis and graded similarly for
research.

Large B-Cell Lymphoma and Burkitt-Like Lymphoma

Should morphologic subclassification of DLBCL be re-
quired? There was a consensus on the part of the CAC that
neither biologic nor clinical data at present support a
requirement for subclassification of DLBCL according to
the criteria of the Working Formulation or the Kiel classifi-
cation. Data from the Kiel group suggest that immunoblastic
lymphoma as defined in the updated Kiel classification (.

90% immunoblasts) has a worse prognosis than centroblas-
tic lymphoma. Other data suggest that staining for bcl-6
(centroblastic) and syndecan-1/CD138 (immunoblastic) or
evidence ofBCL6rearrangement (centroblastic) may help to
discriminate between immunoblastic and centroblastic lym-
phoma. Nonetheless, neither reliable pathologic or biologic
criteria for subclassification nor distinctive therapies that can
be recommended for clinical practice are available at this
time. For these reasons, the committee agreed that these
categories should remain optional at this time. However,
there was agreement that the pathologists should develop
criteria for subclassification, so that these categories can be
tested in future clinical studies (Table 9).

Should Burkitt-like or non-Burkitt’s lymphoma be a
subtype of DLBCL, a subtype of Burkitt’s lymphoma, or a
distinct category? What should be the defining criteria?
The pathologists proposed to define Burkitt-like lymphoma
as a subtype of large B-cell lymphoma. However, there was
a clear consensus among the oncologists that this would be a
mistake. Abundant data indicate that, in children, cases
classified as Burkitt-like (or non-Burkitt) behave identically
to Burkitt’s lymphoma and would be undertreated if treated
like large B-cell lymphoma. In adults, the biology of cases
classified as Burkitt-like is less clear, but this may reflect the
heterogeneity of the diagnostic criteria. In the international
non-Hodgkin’s lymphoma study, Burkitt-like was a nonrepro-
ducible category, with only about 50% agreement among the
pathologists; the major areas of overlap were DLBCL and
Burkitt’s lymphoma. The oncologists urged that the category
of Burkitt-like lymphoma be reserved for tumors that should
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be treated like Burkitt’s lymphoma, ie, very high-grade
tumors. The committee concluded that Burkitt-like lym-
phoma should be listed as a morphologic variant of Burkitt’s
lymphoma in the WHO classification. The term atypical
Burkitt’s lymphoma was proposed for this variant; however,
the steering committee subsequently decided that the term
Burkitt-like was preferable, since the relationship to Bur-
kitt’s lymphoma is not known in all cases. Thus, the category
of Burkitt’s lymphoma will include classic Burkitt’s lym-
phoma and a variant, Burkitt-like lymphoma. In addition,
three subcategories, ie, endemic, nonendemic, and immuno-
deficiency-associated, were proposed to reflect the major
clinical and genetic subtypes of this disease (Table 10).

At present, there are no readily available immunopheno-
typic criteria that can be used in this differential diagnosis.
However, participants observed that probably both the
morphology and the biology of Burkitt’s lymphoma are
defined by the presence of c-mycrearrangement and overex-
pression, which results in all cells being perpetually in cycle.
The gold standard for the diagnosis of Burkitt’s lymphoma
should be the presence of the translocation t(8;14)(q24;q32)
and its variants or c-mycrearrangement. Cytogenetic analy-
sis is recommended in all leukemic cases. If cytogenetic or
Southern blot analysis is not available in solid tumors, it
seems likely that the most reasonable surrogate for c-myc
rearrangement is proliferation fraction. Therefore, it was
suggested that, for cases in which cytogenetic analysis is not
available, Burkitt’s lymphoma or Burkitt-like lymphoma
should not be diagnosed without a Ki-67 fraction close to
100%. Thus, the definition of Burkitt-like lymphoma is a
lymphoma that morphologically resembles Burkitt’s lym-
phoma but has more pleomorphism or large cells than
classical Burkitt’s lymphoma and, in addition, has a prolifera-
tion fraction of greater than 99%.

Do we need separate categories for clinical subtypes of
DLBCL? There are multiple distinct clinical presentations
of DLBCL, several of which have unique clinical behavior.
These include mediastinal/thymic large B-cell lymphoma,
primary CNS lymphoma, and primary effusion lymphoma.
Of particular concern to pathologists is the category of
cutaneous B-cell lymphomas, most of which have an
indolent clinical course. Lymphomas in the marginal zone/
MALT lymphoma category are easily recognized by patholo-
gists as low grade. However, the other major category, called
cutaneous follicle center lymphoma in the recently proposed
classification from the European Organization for Research
and Treatment of Cancer, has a range of morphology, from a
clearly low-grade lesion resembling nodal follicular lym-
phoma to a diffuse proliferation with numerous large cells
that may be called DLBCL by pathologists. This type of
lymphoma, which is typically localized to the head and

trunk, responds well to local therapy (excision or radiation),
and typically does not disseminate to lymph nodes, com-
prised 70% of cutaneous B-cell lymphomas in the European
Organization for Research and Treatment of Cancer study.
There is concern that if the distinctive histologic and clinical
features of cutaneous follicle center lymphoma are not
recognized by both pathologists and oncologists, these
patients will be overtreated with aggressive chemotherapy.

The consensus of the committee was that separate classifi-
cations of lymphomas at specific extranodal sites are not
needed for clinical purposes. However, the site of involve-
ment should be clearly stated in the pathology report, and
oncologists are obliged to understand the distinctive clinical
features of lymphomas at various sites. Distinct entities,
such as primary mediastinal (thymic) B-cell lymphoma,
primary effusion lymphoma, and intravascular lymphoma,
should be described in the WHO book2 and listed as
subtypes of DLBCL (Table 10). The committee recom-
mended that the distinctive clinical features of B-cell
lymphomas in the skin be indicated in the descriptions of
each lymphoma subtype (Table 8).

Large B-Cell Lymphoma and Burkitt-like Lymphoma:
Summary.

1. Should morphologic subclassification of DLBCL be
required? NO
● Criteria for subclassification should be standardized

for future studies.
2. Should the category of Burkitt-like lymphoma be a

subtype of large B-cell lymphoma? NO
● Burkitt-like lymphoma will be considered a variant

of Burkitt’s lymphoma.
● The major criteria are (a) morphology intermediate

between Burkitt’s lymphoma and large-cell lym-
phoma; (b) t(8;14)(q24;q32) and variants, c-myc
rearrangement; and (c) proliferation fraction (Ki-
67) greater than 99%.

3. Do we need separate categories for clinical subtypes of
DLBCL? NO
● Location should be indicated in report.

Lymphomas in immunodeficiency states: Do we need a
separate classification?Most lymphomas that occur in
immunodeficiency states are also seen in nonimmunosup-
pressed patients, but they have some distinctive features in
immunodeficient patients. For example, in human immuno-
deficiency virus (HIV)–positive patients, primary CNS
lymphoma is always Epstein-Barr virus (EBV)–positive, in
contrast to sporadic CNS lymphoma. HD is more aggressive
and always EBV1 in HIV1 patients. The recently described
primary effusion lymphoma, which was initially thought to
be unique to HIV1 patients, has been reported in HIV2

patients as well. T-cell lymphomas in HIV1 patients also do
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not seem to be distinctive. A recently described plasmablas-
tic lymphoma is distinctive, and its relationship to myeloma
remains to be determined.

The polymorphic posttransplant lymphoproliferative dis-
orders seem to be a unique form of lymphoproliferation that
does not occur in immunologically normal individuals. It
was suggested that EBNA-2 expression in these lesions
indicates that the proliferation is EBV-driven and may
respond to reduced immunosuppression.

In summary, the committee suggested that a separate
classification was not needed for immunodeficiency-
associated lymphomas but that the specific types of lympho-
mas that occur in immunodeficiency states and their distinc-
tive features in these conditions should be indicated in the
WHO book.2 In addition, the pathologists thought that a
separate classification of posttransplant lymphoproliferative
disorders would be useful, because of their distinctive
biologic and clinical features (Table 3).

Lymphomas in Immunodeficiency States: Summary.Do
we need a separate classification? NO

● Note the frequency of specific types in immunodefi-
ciency states.

● Posttransplant lymphoproliferative disorders are distinc-
tive and need a separate classification.

● EBV status may be important in determining prognosis
and treatment.

Peripheral T/NK-Cell Neoplasms

Are clinical syndromes integral to the definition of T-/NK-
cell neoplasms?Many distinct T-cell and/or NK-cell dis-
eases vary in cytologic composition (small to large to
anaplastic). Immunophenotypic variation exists within dis-
ease entities, and many antigens are shared by different
diseases. Specific cytogenetic features are not defined for
most entities, and even T-cell receptor types (alpha-betav
gamma-delta) or T versus NK lineage are not sufficient to
define distinct disease entities. To a greater extent than is
appreciated for B-cell neoplasms, it seems that clinical
syndromes, and particularly location (nodalv extranodal and
specific extranodal sites), are important in determining the
biologic behavior of the disease. The committee agreed that
clinical syndromes seem to be integral to the definition of T-
and NK-cell neoplasms.

Should peripheral T-cell lymphoma, unspecified, be sub-
classified (according to the Kiel classification) for clinical
purposes?According to the available data, there seems to
be no immediate justification or clear criteria for recognizing
cytologic subtypes within the broad category of peripheral
T-cell lymphoma, unspecified. However, given the marked
differences in clinical behavior between primary extranodal

T-/NK-cell lymphomas and primary nodal lymphomas, it is
likely to be clinically relevant to subdivide the unspecified
category into nodal and extranodal types. Both pathologists
and oncologists will need to continue to address this area in
further studies (Tables 14 and 15).

Peripheral T-/NK-Cell Lymphomas: Summary.
1. Are clinical syndromes integral to the definition of

peripheral T-/NK-cell neoplasms? YES
2. Is cytologic subclassification of peripheral T-cell lym-

phoma required for clinical purposes? NO

Anaplastic Large-Cell Lymphoma

Should cutaneous and systemic anaplastic large-cell
lymphoma (ALCL) be considered one disease or two? What
should the terminology be for the cutaneous type?There is
evidence that most cases of ALCL of T-cell type presenting
with disease localized to the skin are different from systemic
ALCL: the clinical course is indolent, they lack the translo-
cation t(2;5)(p23;q35), are ALK protein–negative, and seem
to form a spectrum with lymphomatoid papulosis. Although
some members of the committee held that the clinical course
was not predictably indolent, there was general agreement
that, at least for the purposes of further study, cutaneous and
systemic ALCL should be considered distinct categories.
There was significant concern, however, about the proposed
term primary CD301 cutaneous lymphoproliferative disor-
der, a term that includes lymphomatoid papulosis, cutaneous
ALCL, and CD301 cutaneous T-cell lymphomas that do not
have typical anaplastic morphology. Oncologists thought
that including lymphomatoid papulosis in a classification of
lymphomas would imply to patients and insurers that this is
a malignancy, whereas it typically has a benign clinical
course.

In conclusion, the committee agreed that primary cutane-
ous ALCL should be included in the list of neoplasms and
that a discussion of CD301 cutaneous lymphoproliferative
diseases should be included in the WHO book2 with a
discussion of lymphomatoid papulosis and borderline le-
sions. Because it is difficult to predict using morphology
alone which disease the patient has, pathologists will often
be forced to use the term CD301 cutaneous lymphoprolifer-
ative disease on the pathology reports, with the understand-
ing that clinical criteria must be added to determine whether
the patient has a locally progressive disease that requires
treatment (ALCL) or a relapsing condition that needs no
treatment (lymphomatoid papulosis).

What is the gold standard for defining ALCL?Given the
recent availability of an antibody to the ALK protein, which
is highly associated with the translocation t(2;5)(p23;q35),
the question was raised whether this can be used as the
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defining criterion for ALCL. Clinically, cases with the
translocation t(2;5) and/or ALK positivity seem to represent
a homogeneous group with a relatively good prognosis.
However, others observed that experience withALK antibod-
ies is limited and they are only now becoming commercially
available. In addition, there are cases with typical morphol-
ogy and immunophenotype that are ALK- or t(2;5)-negative.
The committee concluded that a single gold standard for the
diagnosis of ALCL does not exist; the diagnosis requires
both morphology and immunophenotype, and at least at
present, restricting the diagnosis to ALK1 cases does not
seem to be justified. It was suggested that ALK staining be
done in all cases to the extent possible and that cases be
designated as ALCL ALK1 or ALK2, at least for research
purposes. In addition, pathologists need to be aware of the
rather broad morphologic spectrum of ALCL.

ALCL: Summary.
1. Is cutaneous ALCL different from systemic ALCL?

PROBABLY YES
● However, the distinction between them is not al-

ways straightforward, and the cutaneous type is not
always indolent.

2. Should lymphomatoid papulosis be added to the list of
lymphoid neoplasms? NO
● It should be discussed in the WHO book along with

borderline cases.
3. Is there a gold standard for the diagnosis of ALCL?

NOT YET
● The morphologic spectrum of ALCL needs to be

better understood by pathologists.
● Cases should be listed as ALK1 or ALK2 for

research.

Hodgkin’s Disease

Grading of nodular sclerosis HD: Should it be required
for clinical use? Data on the clinical impact of grading
nodular sclerosis HD according to the British National
Lymphoma Investigation criteria (grade 1, few Reed-
Sternberg cells; grade 2, many Reed-Sternberg cells) have
shown conflicting results, with some studies showing that
grade 2 cases are associated with a worse outcome and others
showing no difference in outcome. The committee recom-
mended that grading not be required for clinical purposes in
routine diagnosis but that the classification include clear
criteria so that this question can be tested in future studies.

Nomenclature: HD or Hodgkin’s lymphoma?Because it
is now clear that HD is a clonal proliferation of (in most
cases) B cells, and therefore qualifies as a lymphoma, the
pathologists proposed that the name be changed to Hodgkin’s
lymphoma. Opinion of the committee was divided on this

score, with some arguing that patients become confused as
to whether they have a lymphoma or not when the term
disease is used, and others standing on tradition and resisting
unnecessary change. No consensus was reached.

Lymphocyte-rich classical HD: Is it a ‘‘real’’ subtype?
Little clinical data exist on the lymphocyte-rich classical HD
subtype, proposed as provisional in the REAL classification. The
committee agreed that it was important to separate these cases
from nodular lymphocyte-predominance HD for clinical pur-
poses and that it would be valuable to separate them from other
types of classical HD for clinical research purposes.

ALCL, HD-like: is it real? The pathologists proposed to
drop the provisional ALCL, HD-like, category from the
REAL classification, believing that there is probably no true
biologic borderline between HD (in most cases a B-cell
process) and ALCL (in most cases a T-cell process). Some
cases of ALCL may have a nodular growth pattern and areas
of fibrosis and thus resemble HD of nodular sclerosis type.
Some cases of nodular sclerosis HD may have increased
numbers of malignant cells and therefore resemble ALCL.
However, this resemblance does not indicate a biologic
relationship. Pathologists should strive to resolve morpho-
logically difficult cases by immunophenotyping and, if
necessary, molecular genetic studies. In a case that is
morphologically on the borderline between HD and ALCL,
expression of CD15 with or without B-cell antigens favors
HD, whereas the absence of CD15 and expression of T-cell
antigens or ALK protein favor ALCL. Detection of the T-cell
receptor gene orNPM/ALK rearrangement would confirm
T-cell lymphoma, and the absence of rearrangements would
favor HD. Cases that cannot be resolved by a combination of
morphologic, immunophenotypic, and genetic studies should
be considered unclassifiable. Clinical judgment should be
used to determine whether to rebiopsy or to treat with a
regimen that would be suitable for both HD and ALCL.

HD: Summary.
1. Should grading of nodular sclerosis HD be required for

clinical use? NO
● Criteria need to be clearly defined for future studies.

2. Should lymphocyte-rich classical HD be a separate
category? YES
● Clinical features need further study.

3. Is ALCL, HD-like, a real entity? NO
● Pathologists should use immunophenotyping and

molecular genetic techniques to classify morphologi-
cally borderline cases as either HD or ALCL;
unresolved cases should be called unclassifiable.

4. Should we change the name from HD to Hodgkin’s
lymphoma? NO CONSENSUS
● Proposal: allow both (HD/Hodgkin’s lymphoma).
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CLINICAL GROUPINGS OF B- AND T-/NK-CELL
LYMPHOMAS

Are Clinical Groupings Useful for Clinical Practice?

The committee concluded that grouping the B- and
T-/NK-cell neoplasms into prognostic categories would
serve no clear purpose and could hamper understanding of
the specific features of some of the diseases. There are no
groups of diseases that require identical treatment, and if
treatment must be individualized to a specific disease,
grouping serves no purpose and may be misleading. The
entities listed in the classification are clearly defined and
clinically relevant, and it is necessary for oncologists and
pathologists dealing with these diseases to understand each of
them.

Is a Shorter List of Diseases Necessary for Clinicians?

The committee also discussed whether a shorter list of
common diseases should be prepared for clinical use. There was
a clear consensus that the complete list of neoplasms should
have more common entities highlighted, to draw the attention of
nonexperts to the diseases they are likely to encounter in prac-
tice. Opinion was split on the need for a short list, and a poll
taken after the meeting showed a majority of the oncologists
favored one comprehensive list with common entities high-
lighted.

Clinical Groupings of Lymphoid Neoplasms: Summary
1. Are clinical groupings necessary or useful? NO
2. Should common entities be indicated in bold? YES
3. Should a short list of common entities be included for

clinicians? NO

UNCLASSIFIABLE HEMATOLOGIC MALIGNANCIES

Even with the advances in immunophenotyping and
genetic analysis, some hematologic malignancies still
defy classification. A case may be unclassifiable because

of an inadequate tissue sample, because special studies
are not available, because the tissue is poorly preserved, or
because even with complete analysis it does not fit into
one of the categories recognized in the classification.
For each case, the reason for the inability to classify it
should be stated in thepathology report. Suggested catego-
ries and terminology for unclassifiable cases are listed in
Table 16.

CONCLUSION

The committee concluded that the approach to the classifi-
cation of hematologic malignancies proposed by the Interna-
tional Lymphoma Study Group in the REAL classification
and adopted now in the WHO classification represents a
significant advance in our ability to identify and treat
specific disease entities. This approach leaves room for
identifying new entities and subtypes and for incorporating
new data into diagnostic criteria, disease definition, and
nomenclature. It has also produced a new and exciting
degree of cooperation and communication between oncolo-
gists and pathologists from around the world that should
facilitate accumulation of new knowledge, and which will
hopefully continue in the future. After the WHO classifica-
tion is completed, it will be important to develop a mecha-
nism for updating it, to avoid the confusion that has often
resulted in the past from the existence of multiple classifica-
tions.
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Abstract: An International Working Group met to revise
the diagnostic and response criteria for acute myelogenous
leukemia originally published in 1990, as well as to provide
definitions of outcomes and reporting standards to improve
interpretability of data and comparisons among trials. Since
the original publication, there have been major advances in
our understanding of the biology and molecular genetics of
acute leukemia that are clinically relevant and warrant

incorporation into response definitions. Differences from the
1990 recommendations included a category of leukemia-
free state, new criteria for complete remission, including
cytogenetic and molecular remissions and remission dura-
tion. Storage of viable blasts for correlative studies is im-
portant for future progress in the therapy of these disorders.

J Clin Oncol 21:4642-4649. © 2003 by American
Society of Clinical Oncology.

IN 1988, a group of investigators interested in the design and
conduct of clinical trials in acute myeloid leukemia (AML)

met at the National Cancer Institute (United States) and devel-
oped a set of recommendations for response assessment.1 The
subsequent publication was widely adopted as a standardized
means of designing and reporting trials,1 although various study
groups still used modifications of these definitions. In the
ensuing decade, improvements in the diagnostic criteria and
insights into the biology and genetics of AML made it apparent

that revisions of these guidelines were needed. In addition, new
therapeutic agents with different mechanisms of action and
toxicities had become available. As a result, an international
group of investigators met in Madrid, Spain, March 23–25, 2001,
to develop a revised set of recommendations that incorporated
new concepts of biology and therapy (Table 1).

The following guidelines were developed with the intent of
being clinically relevant. Some of the recommendations are
essential for the proper management of patients with AML,
whereas others are, at present, relevant only for clinical research.
There was unanimous agreement that phase I, II, and III studies
addressing important clinical questions should have correlative
laboratory studies if the outcome of AML is to be improved.
Storage of viable leukemic cells should be an integral part of the
overall strategy because of the increased interest in such tech-
nologies as genomics and proteomics.

DEFINITION AND DIAGNOSIS OF AML

AML describes a heterogeneous group of clonal hematopoi-
etic progenitor cell disorders with a spectrum of morphologic,
immunophenotypic, cytogenetic, and molecular characteristics.
It may be possible to make the diagnosis on the basis of a
peripheral blood examination; nevertheless, a bone marrow
aspiration is strongly recommended. Bone marrow trephine
biopsy is not routinely indicated, although it may be necessary if
the aspirate is dilute, hypocellular, or inaspirable. Touch prepa-
rations and clot sections do not provide sufficient additional
information to be recommended for general use but may be
helpful if the aspiration and biopsy samples are inadequate.

The French-American-British (FAB) classification initially
was based on morphology, cellularity, blast percentages, and
cytochemistry.2 Subsequently, the definition of AML, undiffer-
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entiated type (M0), and acute megakaryocytic leukemia (M7),
used immunologic markers.3-5 The new WHO recommenda-
tions6,7 updated and modified the FAB diagnostic criteria.

The terms de novo AML and secondary AML are widely used
but are without standardized definitions. We recommend the
following definitions on the basis of clinical history and avail-
ability of pathologic material, which are consistent with the
intent of the WHO criteria and similar to those proposed by one
of the coauthors8: (1) De novo AML should refer to AML in
patients with no clinical history of prior myelodysplastic syn-
drome (MDS), myeloproliferative disorder, or exposure to po-
tentially leukemogenic therapies or agents. (2) Secondary AML
should refer to patients who have such clinical histories and
should be further categorized as AML secondary to prior
existing MDS, myeloproliferative disorder, or the development
of AML secondary to proven leukemogenic exposure. A history
of fatigue, bleeding, or recurrent infections that preceded the
diagnosis of AML by 1 month or greater, although suggestive of
a preleukemic state, should not by itself allow designation of a
case in this category without confirmation of an existing periph-
eral blood film that demonstrates morphologic dysplasia.

Furthermore, there are two major categories that have been
well described and are only mentioned briefly here for complete-
ness: alkylating agent–related MDS/AML9 and topoisomerase
II–related AML.10

The use of both classes of agents, particularly in the bone
marrow transplantation or dose-intensity setting, may confound
the issues of this separation. It is also clear that the poor results
of treatment with alkylating agent–related MDS/AML and pri-
mary AML with multilineage dysplasia imply that the biology of
both types is very similar.

A careful history of exposures to potentially leukemogenic
agents should be obtained in cases for which there is a question
of a secondary AML. Such investigations are generally not
revealing in individual cases and require careful epidemiologic
evaluation of populations presumed to be at risk. The point at
which a patient with AML is treated may also depend on the
available therapeutic options.

A major departure by the WHO from the FAB criteria was to
lower the threshold for the diagnosis of AML from 30% to 20%
blasts in the peripheral blood and/or the bone marrow aspirate.
Exceptions include AML with t(8;21), inv(16), or t(15;17), in
which the diagnosis of AML is made regardless of the percent-
age of bone marrow blasts. Lowering the blast threshold to 20%
eliminated the MDS category of refractory anemia with excess
blasts in transformation.

The cytochemical and phenotypic criteria of the WHO were
accepted by the present working group.6,7,11 It is important to
record the presence or absence of significant dysplasia.12,13

Routine cytochemical evaluation (peroxidase and esterase)
should be carried out in conjunction with immunophenotyping
by flow cytometry. Immunophenotyping is valuable to distin-
guish AML from acute lymphocytic leukemia, and for lineage
determination. The use of multicolored flow cytometry is highly
recommended as the preferred technique compared with immu-
nohistologic methods but cannot be mandated where the diag-

nosis has clearly been established by routine morphologic and
cytochemical criteria. The use of flow cytometry to evaluate
minimal residual disease (MRD) is an area of active clinical
investigation and is further discussed in subsequent sections of
this report. However, the use of flow cytometry to replace
standard differential counting is discouraged and should not
substitute for an inadequate bone marrow aspirate.

Cytogenetics confer the most important prognostic informa-
tion in AML,7,14,15 along with patient age, performance status,
presenting WBC count, flt-3 mutation, MLL partial tandem
duplication, and whether a patient has de novo or secondary
disease. Therefore, detailed karyotypes should be performed on
all patients with AML at diagnosis.7,16 In addition, because
specific, recurrent cytogenetic abnormalities confer varying
prognoses, differing responses to chemotherapy, or transplanta-
tion regimens and will increasingly be used to direct patients to
different targeted therapies, it is critical to report the specific
chromosome abnormality, rather than reporting the broader
prognostic categorizations frequently employed (eg, normal or
abnormal, favorable or unfavorable).

In addition to the classification of AML patients by their
cytogenetic abnormalities, molecular genetic studies in the last
10 years have also identified important clinical and biologic
subsets of AML patients. Two prominent examples, both asso-
ciated with a poorer prognosis in AML patients with normal
cytogenetics, are (1) internal tandem duplications of FLT3
mutations,17-19 and (2) partial tandem duplications of the MLL
gene on 11q23.20,21 Identification of patients with specific
molecular genetic abnormalities may be important as therapies
targeted to these molecular genetic lesions are developed.

Among the forms of AML with balanced reciprocal translo-
cations, two groups deserve special mention. Acute promyelo-
cytic leukemia (APL) has distinct biologic and clinical features,
as well as unique treatment approaches resulting in 70% of
patients being cured.22 The clinical diagnosis of APL rests both

Table 1. Revisions in Current AML Guidelines

1. Recommendations for storage of viable blasts
2. Definitions of de novo and secondary AML
3. Implications of dysplasia
4. Use of WHO definitions
5. Importance of flow cytometry
6. Prognostic relevance of bone marrow cytogenetics and molecular genetics

(eg, FLT-3 mutations and PTD of MLL gene)
7. Molecular remission of APL
8. Indications for central pathology review
9. Leukemia-free state as a response criterion

10. CRc and CRm as response criteria
11. 1,000/�L neutrophils as threshold for CR
12. Elimination of 4-week requirement for CR
13. Relapse requiring 5%-20% blasts in the bone marrow
14. No requirement for cellularity in CR definition
15. Late MDS as criterion for recurrence
16. RFS and OS as primary end points

Abbreviations: AML, acute myelogenous leukemia; PTD, partial tandem duplica-
tion; APL, acute promyelocytic leukemia; CRc, cytogenic complete remission; CRm,
molecular complete remission; CR, complete remission; MDS, myelodysplastic syn-
drome; RFS, relapse-free survival; OS, overall survival.
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on morphology and detection of either the reciprocal transloca-
tion between chromosomes 15 and 17, or the PML-RAR� fusion
gene, which results from this translocation.

A second group of patients with AML of special note are those
with functional inactivation of the core binding transcription
factors (CBFs): AML1 and CBF�. These cases include patients
with AML and t(8;21)(q22;q22) or inv(16)(p13q22), two of the
most frequent recurrent cytogenetic abnormalities in de novo AML
in younger adults. Patients with t(16;16) should be regarded as
clinically equivalent to inv(16). Those with 16q- deletions need to
be molecularly determined if fusion transcripts are present.

DEFINITION OF RESPONSE IN AML

The definition of response in AML must be clinically relevant,
practical, and reproducible to be easily used by investigators and
clinicians from different institutions. Such criteria would permit
comparison of results of studies from different institutions and
study groups as well as provide important information to aid in
decisions for the care of individual patients. Cooperative groups
have used differing definitions in the past.

Problems that may be encountered in large cooperative
group studies include the need for central pathology review of
bone marrow.

Variability in the experience of pathologists at different
institutions, compounded by variability in specimen quality, can
also result in a wide range in the interpretation and significance
of the bone marrow reports. Central review is generally not
required except for studies in which the primary goal is to assess
overall activity of a new agent, which would include clearance of
bone marrow blasts and the establishment of a complete remis-
sion. In addition, central review should be required where
molecular studies are being performed because of the need to
know the number of blasts. Automated differential blood counts
that describe a “few” blasts with no review of the peripheral
blood smear by a pathologist are not acceptable.

The initial goal of therapy for AML is to achieve a complete
remission (CR), given that a CR with currently available therapy
is requisite, although not sufficient, for a cure. CR is the most
important initial response reported in phase III trials because it is
the sole outcome currently associated with improved survival. In
phase I and II clinical trials, usually conducted in refractory
patients or those who experience relapse, or in those who are in
highly unfavorable risk groups, both complete and partial re-
sponse rates should be recorded to avoid missing a therapeutic
strategy with meaningful activity.

We recommend that each of the following be reported (Table
2): (1) Early treatment assessment: This evaluation is the first
stage in some investigational studies to assess response. It is an
evaluation made at approximately 7 to 10 days after completing
the last dose of the initial course of treatment. Although such a
sample is likely to be hypocellular, it provides an indication of
antileukemic activity.23,24 Early assessment is often required in
clinical trials to guide subsequent treatment—for example, the
need for or timing of a second induction course, or to meet a
specific study objective.

(2) Morphologic leukemia-free state: This designation re-
quires less than 5% blasts in an aspirate sample with marrow
spicules and with a count of at least 200 nucleated cells. There
should be no blasts with Auer rods or persistence of extramed-
ullary disease. The presence of a unique phenotype (by flow
cytometry) identical to what was found in the pretreatment
specimen (eg, CD34, CD7 coexpression) should be viewed as
persistence of leukemia. The timing of this determination varies
from protocol to protocol and should be consistent with the
objectives of the study. If there is a question of residual
leukemia, a bone marrow aspirate should be repeated in a week.
A biopsy allows more bone marrow tissue to be examined and
should certainly be performed if spicules are absent from the
aspirate sample. The biopsy also allows identification of clusters
of blasts, which are rarely seen in normal hematopoiesis.

(3) Morphologic complete remission: A CR designation re-
quires that the patient achieve the morphologic leukemia-free
state and have an absolute neutrophil count of more than
1,000/�L and platelets of � 100,000/�L. Hemoglobin concen-
tration or hematocrit has no bearing on remission status, al-
though the patient must be independent of transfusions. Recent
series suggest that circulating blasts may be identified in small
numbers and still be consistent with a similar disease-free
survival (DFS) as patients without circulating blasts.25 In gen-
eral, however, persistent blasts in the peripheral blood correlate
with persistent or recurrent AML and blast infiltration of the
bone marrow. Occasionally, a rare peripheral blood blast may be
identified during regeneration; however, if the patient is in CR,
the bone marrow would have less than 5% blasts and no Auer
rods.26 Flow cytometry may also be useful to distinguish
between leukemia and a regenerating bone marrow. There is no
requirement for bone marrow cellularity. The implications of
dysplasia after treatment are not clear. However, if the dysplasia
was present at diagnosis, persistence suggests residual leukemia
(except for mild megaloblastic change that could be secondary to

Table 2. Response Criteria in AML

Response Criterion Time of Assessment
Neutrophils

(�L) Platelets (�L) Bone Marrow Blasts (%) Other

Early treatment assessment 7-10 days after therapy NA NA � 5
Morphologic leukemia-free state Varies by protocol NA NA � 5 Flow cytometry EMD
Morphologic CR Varies by protocol � 1,000 � 100,000 � 5 Transfusion EMD
Cytogenetic CR Varies by protocol � 1,000 � 100,000 � 5 Cytogenics—normal, EMD
Molecular CR Varies by protocol � 1,000 � 100,000 � 5 Molecular—negative, EMD
Partial remission Varies by protocol � 1,000 � 100,000 � 50 or decrease to 5-25 Blasts � 5% if Auer rod positive

Abbreviations: AML, acute myelogenous leukemia; EMD, extramedullary disease; CR, complete remission.
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chemotherapy). Marrow cytogenetics and flow cytometry may
be of help. There should be no residual evidence of extramed-
ullary leukemia.

In the previous guidelines, a 4-week duration of complete
response was required to qualify as a CR. However, some
patients who fulfilled the other criteria for CR could not be
considered CR because of the administration of postremission
therapy before full recovery of blood counts within that time
period, or because they had evidence of recurrent or persistent
disease after more than 4 weeks but no documentation that all
response criteria were satisfied for at least 4 weeks. Therefore,
no duration of response is required in the current recommenda-
tions. The primary end points of phase III trials should be
relapse-free survival (RFS) and overall survival (OS). Retrospec-
tive designation of a CR based on subsequent clinical course
should be avoided. Other end points may be justified on the basis
of a specific study design and these should be clearly defined in
the protocol document and subsequent publication.

As newer and more sensitive technologies are developed to
quantitate the level of leukemic burden beyond the sensitivity of
the light microscope, definitions of CR will continue to evolve over
the next several years. Three special categories of patients who
fulfill the morphologic criteria for CR should thus be considered:

(3a) Cytogenetic complete remission (CRc). The majority of
patients who achieve a CR are not cured. Therefore, the use of a
morphologically determined cutoff of 5% blasts is arbitrary. On
the basis of recent cytogenetic data, a separate category of CR is
proposed to include reversion to a normal karyotype at CR
because preliminary data suggest that patients with residual
cytogenetic abnormalities have a much poorer prognosis than
those in whom the chromosomal aberration is no longer detect-
able. However, because sufficient data are lacking from prospec-
tive trials, this category is recommended primarily for use in
clinical research studies.27,28 In such studies it will be important
to describe explicitly how CRc is defined; for example, the
minimum number of metaphases required to define a normal
karyotype, or whether CRc is based on conventional banded
studies or on more sensitive techniques such as fluorescence in
situ hybridization.

(3b) Molecular complete remission (CRm). Clinical investi-
gations of MRD using both molecular and multidimensional
flow cytometric techniques have clearly demonstrated that the
vast majority of AML patients in morphologic and cytogenetic
CR have detectable residual disease. Automated quantitative
reverse transcriptase polymerase chain reaction (RT-PCR) tech-
niques are sensitive in detecting residual disease in AML cases
with a specific genetic marker (eg, PML-RAR� in t(15;17),
AML1/ETO fusion in t(8;21), CBF�-MYH11 fusion in inv(16),
and others). Similarly, detection of aberrant phenotypes using
multidimensional flow cytometric techniques is a sensitive ap-
proach to monitor MRD in a large percentage of AML patients.29

Data from the Cancer and Leukemia Group B studies indicate a
high frequency of immunophenotypic changes in AML patients
between diagnosis and relapse, so that multiple antibody panels
are needed for monitoring residual disease by multiparameter
flow cytometry.29 The prognostic significance of CRm achieve-

ment is clearly established for APL,30,31 and CRm is recognized
as a therapeutic objective in APL by most hematologists,
whereas the significance of CRm in the other subsets of AML is
still controversial (particularly for AML1/ETO patients). Other
molecular targets, such as WT-1, can also be assessed using
quantitative RT-PCR approaches and may be useful targets for
MRD testing.32 Using these quantitative MRD approaches in
patients in clinical research studies, quantitative thresholds in the
range of one leukemia cell in 1,000 to 10,000 cells can predict
impending relapse compared with continuous CR. As these
approaches are tested in the context of clinical trials, our
definitions of useful response criteria will undoubtedly evolve
and may vary with the specific genotypes of AML. Again, if
CRm is used as an outcome measure in AML clinical trials, it
must be defined precisely, including the marker or markers
examined and the sensitivity of the quantitative PCR assay.

(3c) Morphologic complete remission with incomplete blood
count recovery (CRi). After chemotherapy, some patients fulfill
all of the criteria for CR except for residual neutropenia (�
1,000/�L) or thrombocytopenia (� 100,000/�L). This term is
similar to the term CRp, used for studies with gemtuzumab
ozogamicin.33 The outcome for these patients does not seem to
be comparable to that of patients with normalization of all
counts, especially for those patients during initial therapy for
their AML.34 Although this category of response indicates
activity, it should not be included with CR.

For the three CR categories, extramedullary leukemia, such as
CNS or soft tissue involvement, must be absent. In the absence
of symptoms, CNS surveillance is not recommended unless it is
part of a clinical research study. Indeed, routine periodic bone
marrow surveillance also probably is not essential, except for
clinical research studies looking at MRD.35

(4) Partial remission (PR). PRs are relevant only for phase I
and II trials evaluating the safety and activity of a new agent or
approach. This designation requires all of the hematologic values
for a CR but with a decrease of at least 50% in the percentage of
blasts to 5% to 25% in the bone marrow aspirate. Thus, if the
pretreatment bone marrow blast percentage was 50% to 100%,
the percentage of blasts must decrease to a value between 5%
and 25%; if the pretreatment blast percentage was 20% to less
than 49%, they must decrease by at least half to a value of more
than 5%. A repeat bone marrow aspiration after several weeks
may be required to distinguish between a PR and increased blasts
caused by bone marrow regeneration. A value of � 5% blasts
may also be considered a PR if Auer rods are present.

(5) Treatment failure (Table 3). Treatment failure includes
those patients for whom treatment has failed to achieve a CR on
a phase III trial or less than a PR on a phase I or II trial. Although
not as important for phase III trials where RFS and OS are
generally the primary end points, these definitions are important
for evaluating new agents and are included in the assessment
performed by the US Food and Drug Administration when
considering an agent for approval. The following is recom-
mended as a classification of treatment failures: (a) Treatment
failure due to resistant disease includes appropriately treated
patients who survive at least 7 days after completion of the final
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dose of the initial course of treatment but whose last posttreat-
ment peripheral blood smear and/or bone marrow sample
showed persistent AML. If the protocol includes a predetermined
second induction attempt for patients with evidence of persistent
disease after the first attempt, the two are considered the “initial
course of treatment.” (b) Treatment failure due to complications
from aplasia includes patients who survive at least 7 days after
the final dose of the initial course of treatment and die while
cytopenic, but whose last posttreatment bone marrow was
aplastic or hypoplastic, as determined by the institutional mor-
phologist or pathologist, without evidence of leukemia, provided
that marrow was obtained within 7 days of death. (c) Treatment
failure of indeterminate cause includes three categories of
patients: (1) those who die less than 7 days after conclusion of
the initial course of treatment, and (2) patients who die 7 or more
days after the conclusion of treatment whose most recent
peripheral blood smear did not show persistent leukemia and
who did not have a bone marrow examination subsequent to
therapy. This category also includes (3) patients who die without
completing the first course of therapy.

(6) Recurrence: Morphologic relapse. Relapse after CR is
defined as a reappearance of leukemic blasts in the peripheral
blood or � 5% blasts in the bone marrow not attributable to any
other cause (eg, bone marrow regeneration after consolidation
therapy). The appearance of new dysplastic changes should also
be considered relapse. In the setting of recent treatment, if there
are no circulating blasts and the bone marrow contains 5% to
20% blasts, a repeat bone marrow performed at least a week later
is necessary to distinguish relapse from bone marrow regenera-

tion. In such instances the date of recurrence is defined as the
first date that more than 5% blasts were observed in the marrow.
The reappearance or development of cytologically proven ex-
tramedullary disease also indicates relapse. Molecular and/or
genetic relapse is characterized by reappearance of a cytogenetic
or molecular abnormality.

Unique to the treatment of APL is that there is often no obligatory
period of bone marrow aplasia after chemotherapy and ATRA. The
bone marrow aspirate performed 7 to 14 days after induction
therapy usually reveals a hypercellular specimen with the mislead-
ing impression of resistant disease. This finding is not an indicator
for additional induction therapy; however, the first posttreatment
bone marrow aspirate or biopsy need not be performed until 10 to
14 days after completion of ATRA therapy.

The therapeutic end point in APL is achievement of a
molecular remission as defined by the absence of the PML-
RAR� fusion transcript using RT-PCR methods with a sensitiv-
ity threshold of 10�3 or 10�4. Absence of the fusion transcript
after consolidation therapy is associated with a prolonged remis-
sion duration, whereas its reappearance after repeat negative
PCR assays is associated with a high likelihood of disease
recurrence.30,31,36 The use of automated quantitative RT-PCR
assays on the peripheral blood in this form of AML37 will likely
improve the ability to predict relapses and to determine the
quality of a remission. The recommendation is that RT-PCR for
the fusion transcript should be performed every 3 months for the
first 2 years of CR, then every 3 to 6 months for the following 2
to 3 years.

DEFINITIONS OF TREATMENT OUTCOMES

A variety of treatment outcomes (Table 4) are used to measure
the effectiveness of treatment regimens in clinical trials for
AML. Two important categories of outcome are indicators of
response to therapy (described previously) and measures of the
duration of survival or remission described here. Additional
measures such as quality of life, treatment cost or cost-benefit
assessments, or presence of MRD, may be appropriate for a
given trial but are not considered further here.

Duration of survival or of response is measured from a defined
starting point (eg, the date of entry onto the study or the date of
response) to the end point of interest (eg, death or AML relapse).
Such time-to-event data are characterized by the possibility of
censoring (ie, by the possibility that the end point of interest will
not be observed for some patients because of the end of study
follow-up) or because other intervening events (so-called com-
peting events) preclude the end point’s occurrence. In the

Table 3. Treatment Failure in AML

Category Definition

Resistant disease Patient survives � 7 days post-CT; persistent AML in
blood or bone marrow

Aplasia Patient survives � 7 days post-CT; death while
cytopenic, with aplastic bone marrow

Indeterminate cause Patients who die � 7 days posttherapy
Patients who die � 7 days posttherapy with no PB

blasts, but no bone marrow examination
Patients who do not complete the first course of

therapy
Morphologic relapse Reappearance of blasts post-CR in PB or bone

marrow
Molecular or cytogenetic

relapse
Reappearance of molecular or cytogenetic

abnormality

Abbreviations: AML, acute myelogenous leukemia; CT, chemotherapy; PB, periph-
eral blood; CR, complete remission.

Table 4. Definitions of End Points for Clinical Trials in AML

Outcome Response Category Point of Measurement Definition

Overall survival All patients Entry onto trial Death from any cause
Relapse-free survival CR Leukemia-free state Disease relapse or patient death from any cause
Event-free survival All patients* Entry onto trial Treatment failure, disease relapse, or patient death from any cause
Remission duration CR Date of CR Disease relapse

NOTE. Complete blood counts should be evaluated at least monthly, or more often if clinically indicated, to establish the durability of responses.
Abbreviations: AML, acute myelogenous leukemia; CR, complete remission.
*Under circumstances where presentation of event-free survival may be appropriate for responders only, this point should be clearly stated.
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presence of censoring by competing events, the product-limit
method of Kaplan and Meier38 cannot be relied on to provide
estimates of probabilities of the end point of interest, and
alternative statistical summaries, such as cumulative inci-
dence,39-41 should be used. However, standard techniques for
comparing groups of patients defined by treatment assignment or
other characteristics, such as the log-rank test42 or the propor-
tional hazards regression model of Cox,43 remain valid for the
end point of interest even if the observation is censored by
competing events.

Several measures of the duration of survival and/or response
have been used as outcomes in the clinical oncology literature
over the years, and there have been no standard definitions or
nomenclature for these outcomes. The following are the recom-
mended standard names and definitions.

OS is defined for all patients in a trial, and measured from the
date of entry onto a study until death from any cause. For a
patient who is not known to have died by the end of study
follow-up, observation of OS is censored on the date he or she
was last known to be alive. Defined in this way, OS is ordinarily
not subject to competing risks in clinical trials, and the product-
limit method of Kaplan and Meier38 can be used to calculate
estimates of survival probabilities.

RFS is defined only for patients who achieve CR, and is
measured from the date of attaining the leukemia-free state (as
discussed previously) until the date of AML relapse or death
from any cause, whichever occurs first. For a patient who is not
known to have relapsed or died by the end of study follow-up,
observation of RFS is censored on the date of his or her last
follow-up examination. RFS is ordinarily not subject to compet-
ing risks in clinical trials. The protocol and the final report
should indicate whether outcomes other than morphologic CR
(eg, CRc, CRm) are included in DFS.

Event-free survival (EFS) is defined for all patients and
measured from the date of entry on study. It is measured until
treatment failure, relapse from CR, or death from any cause,
whichever occurs first. The time point at which the patient is
resistant to therapy or survives induction without a CR should be
noted. Treatment failure should be defined explicitly in the
protocol and the final report. For a patient with none of these
events before the end of study follow-up, observation of EFS is
censored at the date of his or her last follow-up examination.
Like OS, EFS is ordinarily not subject to competing risks in clinical
trials. If the patient does not achieve a CR, EFS is defined as the
point of progression or death, whichever comes first.

Remission duration, like RFS, is defined only for patients who
achieve CR, and is measured from the date of CR by blood count
recovery and bone marrow examination (rather than the date of
the confirmatory bone marrow), until the date of relapse.
However, unlike DFS, it is measured only until the date AML
relapse is detected. For patients who die without report of
relapse, remission duration is censored on the date of death,
regardless of cause. For a patient with no report of relapse by the
end of the follow-up data collection, observation is censored on
the date of his or her last follow-up examination. Note that unlike
OS, EFS, and RFS, remission duration is subject to the compet-

ing risk of death without relapse. Therefore, the Kaplan-Meier38

method does not provide estimates of probabilities of remaining
relapse free, and estimates of the cumulative incidence of relapse
(CIR) should be used instead.

When required by a trial’s objectives, outcomes similar but
not identical to the four defined above may be appropriate. Such
alternative outcomes may be defined for subsets of patients, and
may differ in the specification of the date from which time is
measured; however, the end point and censoring definitions are
unchanged. For example, in a study of postremission therapy for
which patients enroll while in CR, times until relapse or death
from any cause should be measured from the date of enrollment,
not the date CR was achieved. As another example, consider a
phase III trial comparing two postremission regimens in patients
who all receive a common induction regimen. If patients initially
enter the trial for induction therapy, but only remitting patients
are randomly assigned between postremission arms after achiev-
ing CR, it is sometimes informative to measure survival and
remission duration of the patients who were randomly assigned
from the date of randomization. To distinguish these outcomes
with alternative starting points from the standard outcomes
defined above, the alternative outcomes should be described with
reference to the starting point; for example, RFS from study
entry or survival from postremission randomization.

REPORTING STANDARDS FOR THERAPEUTIC TRIALS

Clinical trials should be conducted expeditiously and reported
as rapidly as possible. However, to be able to interpret clinical
data or the report of a clinical trial, minimal reporting criteria are
needed. The objectives of the study should be explicitly stated,
along with the purpose of the analysis (final report or interim
analysis). The age of the patients and the distribution of patients
with de novo AML, prior MDS, and therapy-related AML
should be clearly stated. Eligibility criteria should be explicitly
described, as well as any reasons for excluding patients from the
reported analyses. In multicenter clinical trials, the local institu-
tion’s diagnosis of AML or of the appropriate subtype of AML
should ordinarily suffice for purposes of determining eligibility.
The decision to have central review by a recognized hematomor-
phology expert should be determined by the nature of each study
undertaken. Laboratory methods and criteria used for diagnosis, or
for other studies, such as cytogenetics, RT-PCR, and immunophe-
notyping, whether used to define eligibility, for description of
patients, or for response assessment, should be reported. Central
analysis of immunophenotyping is recommended because of the
wide range of different antibodies available and the need for
uniform interpretation. Review of karyotypes is also of great
importance because of interpretative differences.

In clinical studies, patients should be observed until their
deaths, and reasons for censoring patients should be delineated.
Results of interim analyses should not be reported publicly
unless there is a compelling reason, and they provide statistically
definitive results as determined by a data safety and monitoring
committee, where appropriate. For phase III studies, a minimal
median duration of follow-up of at least 3 years should be
required before reporting data because this corresponds to the
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time when the risk of relapse sharply declines,44 unless the
outcomes are so striking that earlier reporting is appropriate. If
the report describes an analysis that was not scheduled as part of
the study’s protocol, then the justification for the unplanned
analysis should be explained.

Treatment plans should be fully explained, especially if not
previously reported, including doses, schedule, methods of
delivery, toxicity-related modifications, and supportive care. The
schedule of follow-up examinations should also be described.
The numbers of patients who completed planned therapy should
be reported, and the reasons for failure to complete planned
treatment (eg, toxicity, refusal, death, or relapse while receiving
treatment) should be summarized. Significant deviations from
treatment plans or follow-up schedules that occurred during the
trial should be described. The number of courses actually
delivered should be provided. The primary analyses of random-
ized comparative (phase III) trials should be based on the
so-called intent-to-treat principle; that is, should include all
patients (or all eligible patients) according to their assigned
treatment arms and without regard to completeness of therapy
received. If additional analyses that attempt to relate outcomes to
treatment actually received are reported, the speculative nature
of any resulting conclusions, which arises from the inability to
evaluate the extent to which treatment influenced outcome and
the extent to which the opposite is true, must be acknowledged.

The distributions of the following minimal list of demographic
and clinical characteristics should be summarized in all reports,
using frequency distributions for categoric variables and appro-
priate summary statistics (ie, means, medians, and ranges) for
quantitative (so-called continuous) variables: age, sex, race or
ethnicity, performance status (eg, Eastern Cooperative Oncology
Group, WHO, or Zubrod score), liver and kidney function,
clinical onset of AML (de novo AML v prior MDS v prior
leukemogenic therapy), WHO classification, peripheral blood
and bone marrow blast percentage, leukocyte count, peripheral
blast percentage, platelets, hemoglobin, immunophenotype, and
chromosomal analysis. Any other variables used to determine
specifics of treatment or to stratify patients for randomization or

analysis (eg, serum lactate dehydrogenase) should also be
included in these summaries. In multiarm trials these distribu-
tions should be presented for each arm. If patients are classified
into prognostic categories on the basis of cytogenetics, the
categories should be defined in the report or by reference, given
that no standard prognostic categories have been provided.

Definitions of response and treatment outcomes should be
included, especially if they vary from the standard definitions of
OS, RFS, EFS, and remission duration given in this article.
Frequency distributions of response should be reported, and if
the responses of any patients cannot be determined, the reasons
should be explained. For OS, RFS, and EFS, distributions and
summary statistics such as medians or probabilities at given
times after study entry should be estimated using the method of
Kaplan and Meier.38 CIR should be used to describe remission
duration. In analyses of OS, the distributions of survival times
and of lengths of time since last follow-up of the living patients
should be summarized. When probabilities of OS, EFS, or DFS,
or CIR are described in text or tables, the specific lengths of time
to which they refer should be stated as, for example, OS at 5
years or CIR within 2 years. CIs or bands and/or SEs should be
used routinely to quantify the precision with which response and
other outcome measures are estimated.

It is clear that these recommendations will require modification
as more is learned about the biology and genetics of these disorders,
as treatment modalities evolve, and as the techniques for monitoring
the disease become more sensitive and widely available. Until that
time, we hope that the current guidelines will provide better
communication among investigators conducting clinical research in
the group of disorders that constitute AML.
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Report of an International Workshop to Standardize
Response Criteria for Non-Hodgkin’s Lymphomas

By Bruce D. Cheson, Sandra J. Horning, Bertrand Coiffier, Margaret A. Shipp, Richard I. Fisher, Joseph M. Connors,
T. Andrew Lister, Julie Vose, Antonio Grillo-López, Anton Hagenbeek, Fernando Cabanillas, Donald Klippensten,

Wolfgang Hiddemann, Ronald Castellino, Nancy L. Harris, James O. Armitage, William Carter,
Richard Hoppe, and George P. Canellos

Abstract: Standardized guidelines for response as-
sessment are needed to ensure comparability among
clinical trials in non-Hodgkin’s lymphomas (NHL). To
achieve this, two meetings were convened among United
States and international lymphoma experts represent-
ing medical hematology/oncology, radiology, radiation
oncology, and pathology to review currently used re-
sponse definitions and to develop a uniform set of
criteria for assessing response in clinical trials. The
criteria that were developed include anatomic defini-
tions of response, with normal lymph node size after
treatment of 1.5 cm in the longest transverse diameter
by computer-assisted tomography scan. A designation
of complete response/unconfirmed was adopted to in-
clude patients with a greater than 75% reduction in
tumor size after therapy but with a residual mass, to
include patients—especially those with large-cell NHL—
who may not have residual disease. Single-photon

emission computed tomography gallium scans are en-
couraged as a valuable adjunct to assessment of pa-
tients with large-cell NHL, but such scans require appro-
priate expertise. Flow cytometric, cytogenetic, and
molecular studies are not currently included in response
definitions. Response rates may be the most important
objective in phase II trials where the activity of a new
agent is important and may provide support for ap-
proval by regulatory agencies. However, the goals of
most phase III trials are to identify therapies that will
prolong the progression-free survival, if not the overall
survival, of the treated patients. We hope that these
guidelines will serve to improve communication among
investigators and comparability among clinical trials
until clinically relevant laboratory and imaging studies
are identified and become more widely available.

J Clin Oncol 17:1244-1253. r 1999 by American
Society of Clinical Oncology.

STANDARDIZED RESPONSE criteria are essential for
the conduct of clinical research. They facilitate interpre-

tation of data, comparisons of the results among various
clinical trials, and identification of new agents with promis-
ing activity, and provide a framework on which to evaluate
new biologic and immunologic insights into the diseases
being studied. The availability of uniform guidelines ensures
a reliable analysis of comparable patient groups among
studies and acquisition of similar data. Response criteria
have been developed for patients with chronic lymphocytic

leukemia,1,2 acute myelogenous leukemia,3 and Hodgkin’s
disease (HD),4 and criteria are now standardized for solid
tumors.5 In 1987, Dixon et al6 emphasized the need for
uniform reporting of end points in clinical trials of patients
with non-Hodgkin’s lymphomas (NHL); of particular impor-
tance were the complete remission rate, survival, time to
treatment failure, and time to relapse of complete respond-
ers. Their recommendations were met with controversy that
remained unresolved.7 Therefore, although the need for
common reporting was obvious, the precise definitions of
several major end points were neither provided nor uni-
formly adopted. A consequence is that there are currently no
standardized response criteria for patients with NHL.

Recognizing this need, several United States lymphoma
investigators from National Cancer Institute (NCI)–spon-
sored cooperative groups, the NCI, and the pharmaceutical
industry collaborated in an effort to resolve the issues
regarding response assessment in NHL. The result was a pre-
liminary document that was subsequently reviewed and
approved by European lymphoma experts.8,9 Eventually, a
workshop was held at the NCI on February 25 to 26, 1998,
with a subsequent meeting on May 16, 1998, to come to
consensus on a standardized set of guidelines for response
assessment in adult patients with indolent and aggressive NHL.

This report presents the recommendations from the NCI-
sponsored international working group. These represent, to a
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large extent, a consensus among the participants, rather than
being conclusions based on a body of data. However, until
such data are available, we hope these standardized guide-
lines will serve as a basis for measuring the activity of new
therapies and facilitating comparisons among the results of
clinical trials.

BACKGROUND

In general, each major cooperative cancer treatment group
with active clinical investigations in NHL has developed its
own means of assessing and describing response rates and
duration. Unfortunately, the differences among these criteria
are sufficient to result in substantial confusion (Table 1).
Moreover, the guidelines currently in use have tended to
have their basis in solid tumor criteria, which are not always
applicable to NHL. NHLs share a number of common
features that are distinct from other neoplasms, are relatively
specific, and mandate a separate set of criteria.

STUDIES FOR DIAGNOSIS, STAGING, AND RESTAGING

Lymph Node Biopsies

Whenever possible, an excisional-node biopsy of a suspi-
cious lymph node should be performed for the initial
diagnosis of lymphoma. A core-needle biopsy may suffice to
document relapse or transformation in a patient with a
previous indolent NHL. Pappa et al10 performed needle
biopsies on 106 patients, 51 with low-grade lymphoma, 24
with high-grade NHL, 16 with diagnosed HD, and 15 with
no diagnosis. The disease was infradiaphragmatic in 92
patients and supradiaphragmatic in 14.Abiopsy was diagnos-
tic and yielded information that guided initial treatment in
88 of 106 patients (83%). When the biopsy was performed at
the time of a suspected recurrence, a different histology was
diagnosed in 33 of 80 patients, leading to a change in
treatment plans for 31 patients. This procedure was accurate
in making the diagnosis of histologic transformation in 16 of
18 cases.

Investigators from Israel11 reported the results of 1,500
computed tomography (CT)-guided core-needle biopsies
with which the diagnosis of lymphoma was made in 100
patients, 71 with NHL and 29 with HD. Previous diagnoses
of NHL and HD were known in 24% and 31% of patients,
respectively. The results of the needle biopsy were adequate
to direct therapy in 86% of cases. Although core biopsies are
probably more accurate than fine-needle aspirations, the role
of both procedures remains controversial; precise classifica-
tion of the lymphoma may be difficult, and the procedure
requires an appropriate level of skill. For example, the
sample was inadequate in 15 of 51 (29.4%) indolent
lymphomas in the Pappa series.10 Other problems with this
procedure can be anticipated in distinguishing nodular

versus diffuse histologies, in lesions with substantial fibrosis
or sclerosis, in cases of T-cell NHL, T-cell–rich B-cell NHL,
or in lymph nodes only partially involved with lymphoma,
particularly in patients with HD.

Bone Marrow Evaluation

Assessment of the bone marrow is important both for
staging and for an evaluation of the normal bone marrow
elements before therapy. Several groups have recommended
the use of bilateral bone marrow biopsies to stage and assess
response of patients with NHL. The yield of identifying
bone marrow involvement is increased by 10% to 20% with
multiple sampling; however, even with negative bilateral
biopsies, patients may subsequently be proven to have bone
marrow involvement.12,13 Bitran et al13 compared the yield
of a single bone marrow biopsy with bilateral bone marrow
biopsies. In patients who underwent a single biopsy, the
frequency of detection of bone marrow involvement was
49% compared with 65% with multiple biopsies. In the latter
group, both samples were positive in 45% of cases, and a
single sample was positive in 20%. In a report by Coller et
al,12 of 52 pretreatment bilateral bone marrow biopsies, only
five biopsies had one side positive with the other side
negative. The yield may correlate with the size of the sample
as well as the number of samples. A minimal total length of
biopsy in aggregate should be 2.0 cm.

Lack of uniformity in the interpretation of bone marrow
aspirates and biopsies represents a major problem. Among
patients with a low-grade lymphoma, the differential diagno-
sis between bone marrow involvement and benign lymphoid
aggregates can be difficult. Bone marrow biopsies should be
scored as positive (unequivocal cytologic or architectural
evidence of malignancy), negative (no aggregates or only a
few well-circumscribed lymphoid aggregates), or indetermi-
nate (increased number or size of aggregates without
cytologic or architectural atypia). The bone marrow report
should be reported not only as positive or negative for
lymphoma, but the percentage of invasion and the lym-
phoma subtype should be indicated, the latter to describe any
discordance with the nodal disease. Patients whose bone
marrow is histologically normal but with a small clonal
B-cell population detected by flow cytometry should be
considered to have a normal bone marrow until there are
clinical studies that demonstrate a different outcome for this
group.

NORMAL LYMPH NODE SIZE

Response in patients with lymphomas is most often
defined on the basis of a regression in the size of enlarged
lymph nodes or confluent lymph node masses; therefore, it is
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Table 1. Response Criteria for NHL Used by International Cooperative Groups

Group CR PR PD

NCI of Canada Clinical Trials Group Disappearance of all disease
No symptoms
Must last 4 weeks or ‘‘unconfirmed CR’’

$ 50% Decrease in SPD
No increase or new lesion
Assessable disease stable or

decreased
Must last 4 weeks or ‘‘unconfirmed’’

Increase by 25% in longest diameter
New lesion
Assessable disease progression

Cancer and Leukemia Group B Disappearance of all disease
No symptoms
Biopsy suspicious residual nodes
Must last 4 weeks by physical exami-

nation
With residual abnormality:
Mediastinal or abdominal mass per-

sists for two cycles after . 50%
decrease

. 50% decrease in SPD of all lesions
No new lesions
Disappearance of symptoms
. 30% decrease in liver brcm
Normal liver function tests

. 25% increase in SPD of any lesion
compared with study baseline

New lesion

Eastern Cooperative Oncology Group If Ga scan was positive, now must be
negative

Disappearance of all disease (normal
nodes # 1 3 1 cm; nodes . 1 3 1
biopsied or observed 3 3 months)

Normal liver/spleen; biopsy if was
positive

Negative unilateral bone marrow
Must last $ 4 weeks

$ 50% decrease in SPD
Liver decrease by 50% (PE)
Spleen # 5 cm blcm must become

normal
Spleen . 5 cm decrease by 50%
Must last $ 4 weeks

Increase by . 25% in SPD or new
lesion

(Relapse: new disease after CR or PD
after PR)

European Organization for Research
and Treatment of Cancer/Dutch
Hemato-Oncology Group

Disappearance of all disease
Normal labs, x-rays, bone marrow
Persistent nodes biopsied or consid-

ered CR
Must last 4 weeks

$ 50% decrease in SPD of all lesions,
no new lesions

No symptoms
No increase $ 25% in any lesion (a)

with positive bone marrow (. or
, 20%), (b) with negative bone
marrow

Must last 4 weeks

$ 25% increase
SPD of $ one lesion
New lesion

Group d’Etude des Lymphomes de
l’Adulte

Disappearance of all lesions (No pal-
pable nodes, no mass . 1 cm in
diameter on CT, no bone marrow
involvement)

Normal performance status (PS)
Disappearance of initial biologic

abnormalities

Regression of initial tumor mass
(nodal, extranodal) by . 50% or

Disappearance of all lesions but persis-
tent bone marrow involvement with
normal PS and disappearance of
initial biologic abnormalities

Uncertain CR:
Persistence for 4 months of palpable

node or mass on CT that has
regressed $ 75% but not disap-
peared. Biopsy of accessible masses
recommended. CT-guided needle
biopsy if . 5 cm in thoracic of
mediastinum

Normal bone marrow, normal PS, no
symptoms

Disappearance of initial biologic
abnormalities

Southwest Oncology Group Disappearance of all disease
No new lesions
Normal markers, laboratory values
If restaging is required, separate path

response is defined
Lasts $ 6 weeks

$ 50% decrease in SPD of all lesions
No new lesions
No progression of assessable disease
Lasts $ 6 weeks

50% increase or 10 cm2 (whichever is
smaller) in SPD over baseline, worse
assessable disease

New lesion
Failure to return, death/worsening
Not worse assessable

Abbreviation: PD, progressive disease; blcm, below left costal margin; brcm, below right costal margin.
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critical to determine how small an involved node must
become after treatment to be considered ‘‘normal.’’ A
number of studies have attempted to determine the normal
range of node size in patients without lymphoid malignan-
cies. The size of lymph nodes in normal individuals as
determined by CT scanning or at autopsy varies to a minor
degree with the location of the node. In general, however,
the upper limit has been considered to be approximately 1
cm in measurement of the short axis.14-20 In an autopsy
series,18 there was a difference among mediastinal regions,
with upper limits ranging from 8 to 12 mm in the short axis,
with greater variation in the long axis. In another autopsy
series,21 lymph nodes ranged in size from 5 mm in one
region to 8 to 10 mm in others. Several studies have also
looked at the size of abdominal nodes on CT scan in patients
with either blunt trauma or benign or malignant diseases
other than lymphoma.14,15Values varied by region from 8 to
11 mm, but with some normal pelvic nodes as large as 15
mm. Based on these data, at the time of diagnosis, a lymph
node that is greater than 1 cm in its longest transverse
diameter should be considered compatible with involvement
by NHL.

The question of lymph node size criteria becomes more
problematic when assessing response in patients with NHL.
The tumor mass in lymphoma patients is usually located
within a normal structure, a lymph node, which it may
replace either partially or completely. After effective treat-
ment, this mass may decrease in size, and what remains may
have the size and appearance of a normal lymph node, but it
does not disappear. Unfortunately, it is common that as
tumor-involved nodes shrink in size after treatment, fibrosis,
necrosis, or inflammation results in a persistent enlargement
of that node, although it may be histologically uninvolved by
tumor.22 It may also be difficult to interpret response in a
group of nodes that were initially enlarged and matted
together and appeared as a mass, but that broke up into
several smaller nodal masses after treatment. We elected to
be consistent with the criteria of 1.5 cm for the cross-
sectional diameter of nodes established for HD at the
Cotswolds meeting.4 However, nodes that are# 1.5 cm but
are considered to be abnormal should decrease to# 1.0 cm
to be considered normal in size. Using the longest transverse
diameter seems to provide a more accurate assessment of
response than the short axis in patients with NHL.23 If the
bidimensional requirement for normal node size is decreased
from 2.0 cm3 2.0 to 1.5 cm3 1.5 cm, to 1.0 cm3 1.0 cm,
then the overall response rate does not change, but there is a
significant decrease in the complete remission (CR) rate.24

Whether the progression-free survival correlates with nor-

mal node size in this context is under evaluation. It is
important that the same indicator lesions be used to mini-
mize interobserver variability, because the same radiologist
may not be reviewing CT scans.17

Another major problem in the interpretation of response
to treatment has been that persistence of residual masses
after chemotherapy does not necessarily indicate residual
disease.25-28 Residual intra-abdominal masses are particu-
larly problematic because of their common occurrence in
patients with NHL. As many as 30% to 50% of patients with
a large intra-abdominal mass at presentation and for whom
the physical examination is normal after therapy will have a
residual mass. Residual radiographic abnormalities tend to
be more common in patients with large-cell NHL than in
patients with a follicular low-grade histology. Fuks et al25

reported 100 patients with advanced NHL of various histolo-
gies who were treated with either cyclophosphamide, vincris-
tine, and prednisone or cyclophosphamide, doxorubicin,
vincristine, and prednisone. After treatment there were 33
CRs and 38 partial remissions (PRs). In 20 of the PRs, all
physical and chemical evidence of disease had returned to
normal; however, a lymphangiogram, gallium scan, sono-
gram, or CT suggested residual disease. When those patients
were subjected to restaging laparotomy, disease was de-
tected in only four patients (20%).

Surbone et al27 reviewed 241 patients with aggressive
NHL treated at the NCI between 1977 and 1986. Of the 72
patients (33%) with an abdominal mass at diagnosis, 29
(40%) were left with a radiologically detectable, stable
residual mass that had decreased when compared with the
initial diagnostic evaluation, but with no other clinical or
laboratory evidence of disease. Patients with bulky masses
(. 10 cm) before treatment were more likely to experience
this circumstance. Residual masses were evaluated by
laparotomy (n5 10), needle aspiration (n5 6), autopsy
(n 5 6), or clinical and radiographic evaluation only (n5 7).
All needle aspirations and autopsies were negative. One
laparotomy was positive in a patient in whom a preceding
needle aspiration had been inadequate. Therefore, there was
no evidence of disease detected in 21 of 22 (95%) cases on
pathologic examination of the residual mass, and none of
these patients subsequently relapsed. Of seven patients who
were observed clinically, five were alive and free of disease
from 2 to 9 years, but the other two patients relapsed. In a
comparison of prednisone, methotrexate, doxorubicin, cyclo-
phosphamide, and etoposide (ProMACE)/mechlorethamine,
vincristine, procarbazine, and prednisone with ProMACE/
cytarabine, bleomycin, vincristine, and methotrexate with
leucovorin conducted at the NCI, restaging laparotomy was
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abandoned because 95% of residual abdominal masses did
not contain lymphoma.28

The manner in which patients with residual masses are
assigned into response categories has varied widely among
studies. In some series, responses in patients with residual
masses were reclassified at a future time, depending on the
subsequent behavior of the mass.29 In a trial conducted by
the NCI of Canada Clinical Trials Group, a CR required a
return of all nodes to less than 1 cm, unless larger nodes
were negative by histologic examination.30 Some investiga-
tors have used terms such as ‘‘probable CR.’’31,32Coiffier et
al33 reported that 553 of 737 (75%) patients with aggressive
NHL experienced disappearance of clinical and laboratory
evidence of disease, although 150 (27%) had a persistent
mediastinal or abdominal mass on CT scan. There was no
difference in time to relapse or survival between those with
or without a residual mass (relapse rates 24% and 26%,
respectively); as a result, they retroactively included such
cases within the CR category if morphologic evidence of
NHL was not available or if the size of the mass did not
change after two courses of treatment. Several investigators
recommend that a large abdominal or mediastinal mass that
undergoes greater than 50% reduction in size and remains
stable for 2 to 4 months should not prevent classification as a
CR given the absence of all other measurable disease,27-

29,31,32,34whereas a cut-off of 75% is used by others.33

INTERNATIONAL WORKING GROUP
RECOMMENDATIONS

The following criteria are considered anatomic definitions
(Table 2). In the future, as additional radiographic, labora-
tory, and functional studies become more widely available
and clearly demonstrate predictive value, they may be
recommended as well.

CR requires the following:
1. Complete disappearance of all detectable clinical and

radiographic evidence of disease and disappearance of
all disease-related symptoms if present before therapy,
and normalization of those biochemical abnormalities

(eg, lactate dehydrogenase [LDH]) definitely assign-
able to NHL.

2. All lymph nodes and nodal masses must have re-
gressed to normal size (# 1.5 cm in their greatest
transverse diameter for nodes. 1.5 cm before therapy).
Previously involved nodes that were 1.1 to 1.5 cm in
their greatest transverse diameter before treatment
must have decreased to# 1 cm in their greatest
transverse diameter after treatment, or by more than
75% in the sum of the products of the greatest
diameters (SPD).

3. The spleen, if considered to be enlarged before therapy
on the basis of a CT scan, must have regressed in size
and must not be palpable on physical examination.
However, no normal size can be specified because of
the difficulties in accurately evaluating splenic and
hepatic size. For instance, spleens thought to be of
normal size may contain lymphoma, whereas an
enlarged spleen may not necessarily reflect the pres-
ence of lymphoma but variations in anatomy, blood
volume, the use of hematopoietic growth factors, or
other causes. The determination of splenic volume or
splenic index by CT scan are cumbersome and not
widely used.35,36 Any macroscopic nodules in any
organs detectable on imaging techniques should no
longer be present. Similarly, other organs considered
to be enlarged before therapy due to involvement by
lymphoma, such as liver and kidneys, must have
decreased in size.

4. If the bone marrow was involved by lymphoma before
treatment, the infiltrate must be cleared on repeat bone
marrow aspirate and biopsy of the same site. The
sample on which this determination is made must be
adequate ($ 20 mm biopsy core). Flow cytometric,
molecular, or cytogenetic studies are not considered
part of routine assessment to document persistent
disease at the present time. These studies should only
be incorporated into trials examining important re-
search questions.

Table 2. Response Criteria for Non-Hodgkin’s Lymphoma

Response Category Physical Examination Lymph Nodes Lymph Node Masses Bone Marrow

CR Normal Normal Normal Normal
CRu Normal Normal Normal Indeterminate

Normal Normal . 75% decrease Normal or indeterminate
PR Normal Normal Normal Positive

Normal $ 50% decrease $ 50% decrease Irrelevant
Decrease in liver/spleen $ 50% decrease $ 50% decrease Irrelevant

Relapse/progression Enlarging liver/spleen; new sites New or increased New or increased Reappearance

NOTE. See text for definitions of ‘‘normal’’ and ‘‘indeterminate.’’
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CR/unconfirmed (CRu) includes those patients who fulfill
criteria 1 and 3 above, but with one or more of the following
features:

1. A residual lymph node mass greater than 1.5 cm in
greatest transverse diameter that has regressed by more
than 75% in the SPD. Individual nodes that were
previously confluent must have regressed by more than
75% in their SPD compared with the size of the
original mass.

2. Indeterminate bone marrow (increased number or size
of aggregates without cytologic or architectural atypia).

PR requires the following:
1. $ 50% decrease in SPD of the six largest dominant

nodes or nodal masses. These nodes or masses should
be selected according to the following features: (a)
they should be clearly measurable in at least two
perpendicular dimensions, (b) they should be from as
disparate regions of the body as possible, and (c) they
should include mediastinal and retroperitoneal areas of
disease whenever these sites are involved.

2. No increase in the size of the other nodes, liver, or
spleen.

3. Splenic and hepatic nodules must regress by at least
50% in the SPD.

4. With the exception of splenic and hepatic nodules,
involvement of other organs is considered assessable
and not measurable disease.

5. Bone marrow assessment is irrelevant for determina-
tion of a PR because it is assessable and not measur-
able disease; however, if positive, the cell type should
be specified in the report, eg, large-cell lymphoma or
low-grade lymphoma (ie, small, lymphocytic small
cleaved, or mixed small and large cells).

6. No new sites of disease.
Stable disease is defined as less than a PR (see above) but

is not progressive disease (see below).
Relapsed disease (CR, CRu) requires the following:
1. Appearance of any new lesion or increase by$ 50% in

the size of previously involved sites.
2. $ 50% increase in greatest diameter of any previously

identified node greater than 1 cm in its short axis or in
the SPD of more than one node.

Progressive disease (PR, nonresponders) requires the
following:

1. $ 50% increase from nadir in the SPD of any previ-
ously identified abnormal node for PRs or nonre-
sponders.

2. Appearance of any new lesion during or at the end of
therapy.

Response Assessment

Response is currently assessed on the basis of clinical,
radiologic, and pathologic (ie, bone marrow) criteria.

1. CT scans remain the standard for evaluation of nodal
disease. Thoracic, abdominal, and pelvic CT scans are
recommended even if those areas were not initially
involved because of the unpredictable pattern of
recurrence in NHL. Studies should be performed no
later than 2 months after treatment has been completed
to assess response. This interval may vary with the
type of treatment, eg, a longer period may be more
appropriate for biologic agents where the anticipated
time to response may be greater.

2. A bone marrow aspirate and biopsy should only be
performed to confirm a CR if they were initially
positive or if it is clinically indicated by new abnormali-
ties in the peripheral blood counts or blood smear.

End Points

The major end points of interest in clinical trials should
include event-free survival (time to treatment failure), which
includes failure or death from any causes, freedom from
progression, and overall survival (Table 3). These outcomes
are more relevant in NHL than response rates. Overall
survival and failure-free survival are measured from entry
onto a trial until death from any cause, or until death or
progression of disease, respectively. Progression-free sur-
vival for all patients is taken from the time of entry onto
study until disease progression or death from NHL. This end
point is more important in aggressive NHL, where it
correlates better with survival than in follicular NHL.
Secondary end points such as response duration, disease-
free survival, or cause-specific survival may also be in-
cluded, but only when the other end points have been

Table 3. Definitions of End Points for Clinical Trials

End Point Response Category Definition Point of Measurement

Overall survival All patients Death from any cause Entry onto trial
Event-free survival CR, CRu, PR Failure or death from any cause Entry onto trial
Progression-free survival All patients Disease progression or death from NHL Entry onto trial
Disease-free survival CR, CRu Time to relapse First documentation of response
Response duration CR, CRu, PR Time to relapse or progression First documentation of response
Time to next treatment All patients Time when new treatment is needed Entry onto trial
Cause-specific death All patients Death related to NHL Death
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reported. Disease-free survival for patients in CR or CRu is
measured from the first assessment that documents that
response to the date of disease progression, generally within
2 months of completion of therapy. For patients with an
indolent NHL, response duration may be less clinically
important than the point at which initiation of treatment is
necessary; however, uniform criteria should be used for that
end point. These include disease-related symptoms, threat-
ened end-organ function, cytopenias secondary to NHL,
massive bulk disease, or steady progression over at least 6
months.37

Follow-up

The manner in which patients are observed after treatment
may differ considerably between a clinical trial and clinical
practice, and it will also be determined by whether treatment
is initiated with curative or palliative intent. Good clinical
judgment is the most important component of patient
follow-up. However, a number of laboratory and imaging
studies (eg, CT scans, magnetic resonance imaging [MRI]
studies) are often performed on a routine basis after every
few courses of treatment and every few months thereafter.
The utility of these studies is a topic of controversy. Weeks et
al38 assessed the role of conventional screening for relapse.
Only two of 36 relapses of large-cell lymphomas were
detected before symptoms were reported. The most sensitive
measures were gallium scans, physical examination, and
serum LDH; 67% of patients relapsed in new sites of
disease. The median interval since the previous CT scan for
patients with a clinical relapse was 5.6 months; therefore,
the rate of detection of recurrence would have likely been
higher if the interval between studies was shorter. The
authors concluded that follow-up strategies based on stan-
dard radiographic procedures and blood tests were not
effective in detecting preclinical relapse in patients with
large-cell lymphoma. They recommended that screening
studies should not be site-specific and that the frequency of
study should be determined by the patient’s risk for relapse
and whether there is a potentially curative salvage therapy.
However, whether these conclusions are relevant to patients
with follicular lymphoma remains to be studied.

For patients on clinical studies, time points for monitoring
disease status should be standardized. Patients on clinical
trials should be reassessed after completion of treatment at a
minimum of every 3 months for 2 years, then every 6 months
for 3 years, and then annually for at least 5 years. For
patients with large-cell NHL, few recurrences occur beyond
that point. However, there is a continuous risk of relapse for
patients with a follicular histology. These intervals may vary

with specific treatments, protocols, or unique drug character-
istics. Minimum testing at follow-up visits should include
history, physical examination for lymphadenopathy, abdomi-
nal masses, or organomegaly, and blood tests including a
complete blood cell count and LDH. Additional blood tests
and imaging studies may be added for relevant clinical
indications, but specific tests cannot be currently recom-
mended for the reasons discussed previously in this article.
The uniformity of reassessment will provide reasonable
comparability among clinical trials without demanding
excessive testing of unproven value.

Despite the difficulties associated with detection of clini-
cally relevant evidence of relapse or progression, some
uniformity of follow-up examinations is desirable across
clinical trials so that time and disease state–related end
points, such as failure-free, disease-free, and relapse-free
survival, can be compared. It is obvious, for example, that a
follow-up protocol requiring extensive reevaluation every 2
months will produce different apparent intervals for those
end points compared with one requiring the same testing
annually, even if the true times to events are the same.

ADDITIONAL STUDIES FOR EVALUATION

A number of additional diagnostic studies have been
proposed to evaluate response or disease progression but are
not currently required.

Gallium Scanning

The precise role for gallium (Ga) scans in monitoring
disease status in patients with NHL is under evaluation. This
procedure seems to have limited utility in patients with
low-grade NHL, and, therefore, most of the data are in
patients with a large-cell histology.39 Early studies suggested
that this test was not cost-effective or better than other
imaging studies.40,41 However, more recent data with im-
proved technology demonstrate the usefulness of this proce-
dure compared with CT scans, radiographs, and physical
examination.42-44 Kaplan et al43 prospectively evaluated 37
patients with 67Ga imaging and identified a correlation
between residual disease identified with imaging and even-
tual likelihood of recurrence. Three of four patients in
clinical CR but with a positive scan relapsed and died from
their disease. The most impressive results have been re-
ported from groups that have used single-photon emission
computed tomography (SPECT) with gallium scanning39,45

to successfully differentiate lymphoma and benign uptake.
In one series in which 107 scans were performed on 101
patients,45 the concentration of gallium in 29 sites of
documented NHL was significantly greater than in 75 benign
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lesions; this study demonstrated a sensitivity of 90%, a
specificity of 93%, and positive and negative predictive
values of 84% and 96%, respectively.

Vose et al39 found that the 1-year failure-free survival for
patients with a positive SPECT gallium scan after high-dose
chemotherapy with autologous transplantation for diffuse
aggressive NHL was 15% compared with a 3-year failure-
free survival of 47% for patients with a negative scan.
Although the predictability of gallium studies was rather
modest, they were more accurate than CT scanning. How-
ever, the procedure was not predictive of outcome for
patients with a follicular NHL. Janicek et al44 found that
early restaging with67Ga scans was useful in predicting
those patients who were most likely to experience prolonged
disease-free survival after treatment with an augmented
cyclophosphamide, doxorubicin, vincristine, and prednisone
regimen.

Further prospective study of SPECT gallium scanning is
highly desirable. Unfortunately, until this procedure be-
comes more universally available and uniformly reproduc-
ible, it cannot be required as part of routine response
assessment for all clinical trials. SPECT gallium scans
should be considered part of standard practice at centers
with expertise in performing the study in clinically relevant
situations (eg, to distinguish masses with viable tumor from
fibrosis). Functional studies such as SPECT gallium scans
would not be considered as part of the anatomic assessment
of response using the guidelines previously discussed, but
they should be reported in the results of the clinical trial.

Several recent studies have suggested a potential role for
positron emission tomography (PET) scanning in monitor-
ing response to therapy.46 However, other studies suggest
that the cost-benefit ratio of gallium plus CT is more
favorable than MRI.47 An interesting research question
would involve a prospective comparison of SPECT gallium
scanning with PET scans in the assessment of residual
masses.

Additional Measures of Bone Marrow Assessment

MRI or immunoscintography has been suggested as a
means to improve the accuracy of detection of bone marrow
involvement.48-50Concordance of the two imaging studies is
almost 90%.49 In a recent study,51 results with whole-body
PET were found to be concordant with unilateral bone
marrow biopsies in 78% of cases; PET was positive in eight
cases in which the bone marrow was negative, and the
converse was true in three cases. These authors suggested
that PET scanning may reduce the need for staging biopsies.
Unfortunately, this procedure does not provide important
information on the status of normal bone marrow precursors
or the histology of the marrow involvement. The latter is

important in patients with nodal large-cell NHL who may
have a discordant histology in the bone marrow. Immunoper-
oxidase studies of the bone marrow may also be useful to
clarify the residual ‘‘nodules’’ as benign or malignant.

In conclusion, the goal of clinical research in NHL is to
improve the survival of our patients. Therefore, the most
important end points of clinical trials in NHL should be
overall survival and failure-free survival (time to treatment
failure and event-free survival). In phase II trials, particu-
larly in the setting of relapsed and refractory disease where
the activity of a new agent may be the most important
objective, response rates are important and may provide
support for approval by regulatory agencies. On the other
hand, the goals of most phase III trials are to identify
therapies that will prolong the progression-free survival, if
not the overall survival, of the treated patients. Response
rates will continue to be ambiguous and subject to consider-
able controversy as long as we are required to base
guidelines on consensus opinion of clinical data rather than
on more precise and reliable measures of minimal residual
disease. Moreover, particularly in the follicular NHL, incre-
mental increases in response rates have not uniformly
translated into prolonged time to treatment failure or sur-
vival.

It will be important to apply the current guidelines
prospectively in several large trials and to critically evaluate
their usefulness. The current selection of normal node size
after therapy was arbitrary, and what is needed are correla-
tions between a variety of normal lymph node sizes and
outcome. Residual lymphoma mass also remains a difficult
problem; nevertheless, retroactive assignment of responses
is confusing and subject to bias. Clearly, a residual mass in a
patient with a large-cell lymphoma, in whom the disease
may have been cured, has different implications from a
patient with a follicular lymphoma, in whom the mass may
remain stable for months but will inevitably progress. To
improve response assessment, we strongly encourage the
use of SPECT gallium scanning in patients with large
cell-lymphoma. As more is learned about the biology and
immunology of these diseases, and as additional clinically
relevant laboratory and imaging studies are identified and
become more widely available, modifications of these
guidelines may be required. Until that time, we hope that
these guidelines will serve to improve communication
among investigators and comparability among clinical trials.
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24. Grillo-López AJ, Cheson B, Horning S, et al: Response criteria
(RC) for NHL: Importance of ‘‘normal’’ lymph node (LN) size and
correlations with response. Blood 92:412a, 1998 (abstr 1701) (suppl 1)

25. Fuks JZ, Aisner J, Wiernik PH: Restaging laparotomy in the
management of the non-Hodgkin lymphomas. Med Pediatr Oncol
10:429-438, 1982

26. Stewart FM, Williamson BR, Innes DJ, et al: Residual tumor
masses following treatment for advanced histiocytic lymphoma. Cancer
55:620-623, 1985

27. Surbone A, Longo DL, DeVita VT Jr, et al: Residual abdominal
masses in aggressive non-Hodgkin’s lymphoma after combination
chemotherapy: Significance and management. J Clin Oncol 6:1832-
1837, 1988

28. Longo DL, DeVita VT Jr, Duffey PL, et al: Superiority of
ProMACE-CytaBOM over ProMACE-MOPP in the treatment of ad-
vanced diffuse aggressive lymphoma: Results of a prospective random-
ized trial. J Clin Oncol 9:25-38, 1991

29. Waits TM, Greco FA, Greer JP, et al: Effective therapy for
poor-prognosis non-Hodgkin’s lymphoma with 8 weeks of high-dose-
intensity combination chemotherapy. J Clin Oncol 11:943-949, 1993

30. Meyer RM, Quirt IC, Skillings JR, et al: Escalated as compared
with standard doses of doxorubicin in BACOP therapy for patients with
non-Hodgkin’s lymphoma. N Engl J Med 329:1770-1776, 1993

31. Zuckerman KS, LoBuglio AF, Reeves JA: Chemotherapy of
intermediate- and high-grade non-Hodgkin’s lymphomas with a high-
dose doxorubicin-containing regimen. J Clin Oncol 8:248-256, 1990

32. Zuckerman KS, Case DC Jr, Gams RA, et al: Chemotherapy of
intermediate- and high-grade non-Hodgkin’s lymphomas with an inten-
sive epirubicin-containing regimen. Blood 82:3564-3573, 1993

33. Coiffier B, Gisselbrecht C, Herbrecht R, et al: LNH-84 regimen:
A multicenter study of intensive chemotherapy in 737 patients with
aggressive malignant lymphoma. J Clin Oncol 7:1018-1026, 1989

34. Chopra R, Goldstone AH, Pearce R, et al: Autologous versus
allogeneic bone marrow transplantation for non-Hodgkin’s lymphoma:
A case-controlled analysis of the European Bone Marrow Transplant
Group Registry data. J Clin Oncol 10:1690-1695, 1992

35. Strijk SP, Boetes C, Bogman MJJT, et al: The spleen in
non-Hodgkin lymphoma: Diagnostic value of computed tomography.
Acta Radiol 28:139-144, 1987

36. Breiman RS, Beck JW, Korobkin M, et al: Volume determina-
tions using computed tomography. AJR Am J Roentgenol 138:329-333,
1982

37. Shipp MA, Ambinder RF, Appelbaum FR, et al: NCCN pre-
liminary non–Hodgkin’s lymphoma practice guidelines. Oncology
(Huntingt) 11:281-346, 1997

1252 CHESON ET AL



38. Weeks JC, Yeap BY, Canellos GP, et al: Value of follow-up
procedures in patients with large-cell lymphoma who achieve a
complete remission. J Clin Oncol 9:1196-1203, 1991

39. Vose JM, Bierman PJ, Anderson JR, et al: Single-photon
emission computed tomography gallium imaging versus computed
tomography: Predictive value in patients undergoing high-dose chemo-
therapy and autologous stem-cell transplantation for non-Hodgkin’s
lymphoma. J Clin Oncol 14:2473-2479, 1996

40. Longo DL, Schilsky RL, Blei L, et al: Gallium-67 scanning:
Limited usefulness in staging patients with non-Hodgkin’s lymphoma.
Am J Med 68:695-700, 1980

41. Hill M, Cunningham D, MacVicar D, et al: Role of magnetic
resonance imaging in predicting relapse in residual masses after
treatment of lymphoma. J Clin Oncol 11:2273-2278, 1993

42. Israel O, Front D, Lam M, et al: Gallium 67 imaging in
monitoring lymphoma response to treatment. Cancer 61:2439-2443,
1988

43. Kaplan WD, Jochelson MS, Herman TS, et al: Gallium-67
imaging: A predictor of residual tumor viability and clinical outcome in
patients with diffuse large-cell lymphoma. J Clin Oncol 8:1966-1970,
1990

44. Janicek M, Kaplan W, Neuberg D, et al: Early restaging gallium
scans predict outcome in poor-prognosis patients with aggressive

non-Hodgkin’s lymphoma treated with high-dose CHOP chemotherapy.
J Clin Oncol 15:1631-1637, 1997

45. Even-Sapir E, Bar-Shalom R, Israel O, et al: Single-photon
emission computed tomography quantitation of gallium citrate uptake
for the differentiation of lymphoma from benign hilar uptake. J Clin
Oncol 13:942-946, 1995
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Anticancer cytotoxic agents go through a process by which
their antitumor activity—on the basis of the amount of tu-
mor shrinkage they could generate—has been investigated.
In the late 1970s, the International Union Against Cancer
and the World Health Organization introduced specific cri-
teria for the codification of tumor response evaluation. In
1994, several organizations involved in clinical research
combined forces to tackle the review of these criteria on the
basis of the experience and knowledge acquired since then.
After several years of intensive discussions, a new set of
guidelines is ready that will supersede the former criteria. In
parallel to this initiative, one of the participating groups
developed a model by which response rates could be derived
from unidimensional measurement of tumor lesions instead
of the usual bidimensional approach. This new concept has
been largely validated by the Response Evaluation Criteria
in Solid Tumors Group and integrated into the present
guidelines. This special article also provides some philo-
sophic background to clarify the various purposes of re-
sponse evaluation. It proposes a model by which a combined
assessment of all existing lesions, characterized by target
lesions (to be measured) and nontarget lesions, is used to
extrapolate an overall response to treatment. Methods of
assessing tumor lesions are better codified, briefly within the
guidelines and in more detail in Appendix I. All other aspects
of response evaluation have been discussed, reviewed, and
amended whenever appropriate. [J Natl Cancer Inst 2000;
92:205–16]

A. PREAMBLE

Early attempts to define the objective response of a tumor to
an anticancer agent were made in the early 1960s(1,2). In the
mid- to late 1970s, the definitions of objective tumor response
were widely disseminated and adopted when it became apparent
that a common language would be necessary to report the results
of cancer treatment in a consistent manner.

The World Health Organization (WHO) definitions published
in the 1979WHO Handbook (3)and by Miller et al.(4) in 1981
have been the criteria most commonly used by investigators
around the globe. However, some problems have developed with
the use of WHO criteria: 1) The methods for integrating into
response assessments the change in size of measurable and
“evaluable” lesions as defined by WHO vary among research
groups, 2) the minimum lesion size and number of lesions to be

recorded also vary, 3) the definitions of progressive disease are
related to change in a single lesion by some and to a change in
the overall tumor load (sum of the measurements of all lesions)
by others, and 4) the arrival of new technologies (computed
tomography [CT] and magnetic resonance imaging [MRI]) has
led to some confusion about how to integrate three-dimensional
measures into response assessment.

These issues and others have led to a number of different
modifications or clarifications to the WHO criteria, resulting in
a situation where response criteria are no longer comparable
among research organizations—the very circumstance that the
WHO publication had set out to avoid. This situation led to an
initiative undertaken by representatives of several research
groups to review the response definitions in use and to create a
revision of the WHO criteria that, as far as possible, addressed
areas of conflict and inconsistency.

In so doing, a number of principles were identified:

1) Despite the fact that “novel” therapies are being developed
that may work by mechanisms unlikely to cause tumor re-
gression, there remains an important need to continue to de-
scribe objective change in tumor size in solid tumors for the
foreseeable future. Thus, the four categories of complete re-
sponse, partial response, stable disease, and progressive dis-
ease, as originally categorized in theWHO Handbook (3),
should be retained in any new revision.

2) Because of the need to retain some ability to compare favor-
able results of future therapies with those currently available,
it was agreed that no major discrepancy in the meaning and
the concept of partial response should exist between the old
and the new guidelines, although measurement criteria would
be different.

3) In some institutions, the technology now exists to determine
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changes in tumor volume or changes in tumor metabolism
that may herald shrinkage. However, these techniques are not
yet widely available, and many have not been validated. Fur-
thermore, it was recognized that the utility of response cri-
teria to date had not been related to precision of measure-
ment. The definition of a partial response, in particular, is an
arbitrary convention—there is no inherent meaning for an
individual patient of a 50% decrease in overall tumor load. It
was not thought that increased precision of measurement of
tumor volume was an important goal for its own sake.
Rather, standardization and simplification of methodology
were desirable. Nevertheless, the guidelines proposed in this
document are not meant to discourage the development of
new tools that may provide more reliable surrogate end
points than objective tumor response for predicting a poten-
tial therapeutic benefit for cancer patients.

4) Concerns regarding the ease with which a patient may be
considered mistakenly to have disease progression by the
current WHO criteria (primarily because of measurement er-
ror) have already led some groups such as the Southwest
Oncology Group to adopt criteria that require a greater in-
crease in size of the tumor to consider a patient to have
progressive disease(5). These concerns have led to a similar
change within these revised WHO criteria (seeAppendix II).

5) These criteria have not addressed several other areas of re-
cent concern, but it is anticipated that this process will con-
tinue and the following will be considered in the future:
• Measures of antitumor activity, other than tumor shrink-

age, that may appropriately allow investigation of cyto-
static agents in phase II trials;

• Definitions of serum marker response and recommended
methodology for their validation; and

• Specific tumors or anatomic sites presenting unique com-
plexities.

B. BACKGROUND

These guidelines are the result of a large, international col-
laboration. In 1994, the European Organization for Research and
Treatment of Cancer (EORTC), the National Cancer Institute
(NCI) of the United States, and the National Cancer Institute of
Canada Clinical Trials Group set up a task force (seeAppendix
III) with the main objective of reviewing the existing sets of
criteria used to evaluate response to treatment in solid tumors.
After 3 years of regular meetings and exchange of ideas within
the task force, a draft revised version of the WHO criteria was
produced and widely circulated (seeAppendix IV). Comments
received (response rate, 95%) were compiled and discussed
within the task force before a second version of the document
integrating relevant comments was issued. This second version
of the document was again circulated to external reviewers who
were also invited to participate in a consensus meeting (on be-
half of the organization that they represented) to discuss and
finalize unresolved problems (October 1998). The list of partici-
pants to this consensus meeting is shown in Appendix IV and
included representatives from academia, industry, and regula-
tory authorities. Following the recommendations discussed dur-
ing the consensus meeting, a third version of the document was
produced, presented publicly to the scientific community
(American Society for Clinical Oncology, 1999), and submitted
to theJournal of the National Cancer Institutein June 1999 for
official publication.

Data from collaborative studies, including more than 4000
patients assessed for tumor response, support the simplification
of response evaluation through the use of unidimensional mea-
surements and the sum of the longest diameters instead of the
conventional method using two measurements and the sum of
the products. The results of the different retrospective analyses
(comparing both approaches) performed by use of these differ-
ent databases are described in Appendix V. This new approach,
which has been implemented in the following guidelines, is
based on the model proposed by James et al.(6).

C. RESPONSE EVALUATION CRITERIA IN SOLID

TUMORS (RECIST) GUIDELINES

1. Introduction

The introduction explores the definitions, assumptions, and
purposes of tumor response criteria. Below, guidelines that are
offered may lead to more uniform reporting of outcomes of
clinical trials. Note that, although single investigational agents
are discussed, the principles are the same for drug combinations,
noninvestigational agents, or approaches that do not involve
drugs.

Tumor response associated with the administration of anti-
cancer agents can be evaluated for at least three important pur-
poses that are conceptually distinct:

• Tumor response as a prospective end point in early clinical
trials. In this situation, objective tumor response is employed
to determine whether the agent/regimen demonstrates suffi-
ciently encouraging results to warrant further testing. These
trials are typically phase II trials of investigational agents/
regimens (seesection 1.2), and it is for use in this precise
context that these guidelines have been developed.

• Tumor response as a prospective end point in more definitive
clinical trials designed to provide an estimate of benefit for a
specific cohort of patients. These trials are often randomized
comparative trials or single-arm comparisons of combinations
of agents with historical control subjects. In this setting, ob-
jective tumor response is used as a surrogate end point for
other measures of clinical benefit, including time to event
(death or disease progression) and symptom control (seesec-
tion 1.3).

• Tumor response as a guide for the clinician and patient or
study subject in decisions about continuation of current
therapy. This purpose is applicable both to clinical trials and to
routine practice (seesection 1.1), but use in the context of
decisions regarding continuation of therapy is not the primary
focus of this document.

However, in day-to-day usage, the distinction among these
uses of the term “tumor response” can easily be missed, unless
an effort is made to be explicit. When these differences are
ignored, inappropriate methodology may be used and incorrect
conclusions may result.

1.1. Response Outcomes in Daily Clinical Practice of
Oncology

The evaluation of tumor response in the daily clinical practice
of oncology may not be performed according to predefined cri-
teria. It may, rather, be based on a subjective medical judgment
that results from clinical and laboratory data that are used to
assess the treatment benefit for the patient. The defined criteria
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developed further in this document are not necessarily appli-
cable or complete in such a context. It might be appropriate to
make a distinction between “clinical improvement” and “objec-
tive tumor response” in routine patient management outside the
context of a clinical trial.

1.2. Response Outcomes in Uncontrolled Trials as a Guide to
Further Testing of a New Therapy

“Observed response rate” is often employed in single-arm
studies as a “screen” for new anticancer agents that warrant
further testing. Related outcomes, such as response duration or
proportion of patients with complete responses, are sometimes
employed in a similar fashion. The utilization of a response rate
in this way is not encumbered by an implied assumption about
the therapeutic benefit of such responses but rather implies some
degree of biologic antitumor activity of the investigated agent.

For certain types of agents (i.e., cytotoxic drugs and hor-
mones), experience has demonstrated that objective antitumor
responses observed at a rate higher than would have been ex-
pected to occur spontaneously can be useful in selecting anti-
cancer agents for further study. Some agents selected in this way
have eventually proven to be clinically useful. Furthermore, cri-
teria for “screening” new agents in this way can be modified by
accumulated experience and eventually validated in terms of the
efficiency by which agents so screened are shown to be of clini-
cal value by later, more definitive, trials.

In most circumstances, however, a new agent achieving a
response rate determineda priori to be sufficiently interesting to
warrant further testing may not prove to be an effective treat-
ment for the studied disease in subsequent randomized phase III
trials. Random variables and selection biases, both known and
unknown, can have an overwhelming effect in small, uncon-
trolled trials. These trials are an efficient and economic step for
initial evaluation of the activity of a new agent or combination
in a given disease setting. However, many such trials are per-
formed, and the proportion that will provide false-positive re-
sults is necessarily substantial. In many circumstances, it would
be appropriate to perform a second small confirmatory trial be-
fore initiating large resource-intensive phase III trials.

Sometimes, several new therapeutic approaches are studied in
a randomized phase II trial. The purpose of randomization in this
setting, as in phase III studies, is to minimize the impact of
random imbalances in prognostic variables. However, random-
ized phase II studies are, by definition, not intended to provide
an adequately powered comparison between arms (regimens).
Rather, the goal is simply to identify one or more arms for
further testing, and the sample size is chosen so to provide
reasonable confidence that a truly inferior arm is not likely to be
selected. Therefore, reporting the results of such randomized
phase II trials should not imply statistical comparisons between
treatment arms.

1.3. Response Outcomes in Clinical Trials as a Surrogate for
Palliative Effect

1.3.1. Use in nonrandomized clinical trials.The only cir-
cumstance in which objective responses in a nonrandomized
trial can permit a tentative assumption of a palliative effect (i.e.,
beyond a purely clinical measure of benefit) is when there is an
actual or implied comparison with historical series of similar
patients. This assumption is strongest when the prospectively

determined statistical analysis plan provides for matching of
relevant prognostic variables between case subjects and a de-
fined series of control subjects. Otherwise, there must be, at the
very least, prospectively determined statistical criteria that pro-
vide a very strong justification for assumptions about the re-
sponse rate that would have been expected in the appropriate
“control” population (untreated or treated with conventional
therapy, as fits the clinical setting). However, even under these
circumstances, a high rate of observed objective response does
not constitute proof or confirmation of clinical therapeutic ben-
efit. Because of unavoidable and nonquantifiable biases inherent
in nonrandomized trials, proof of benefit still requires eventual
confirmation in a prospectively randomized, controlled trial of
adequate size. The appropriate end points of therapeutic benefit
for such a trial are survival, progression-free survival, or symp-
tom control (including quality of life).

1.3.2. Use in randomized trials.Even in the context of pro-
spectively randomized phase III comparative trials, “observed
response rate” should not be the sole, or major, end point. The
trial should be large enough that differences in response rate can
be validated by association with more definitive end points re-
flecting therapeutic benefit, such as survival, progression-free
survival, reduction in symptoms, or improvement (or mainte-
nance) of quality of life.

2. Measurability of Tumor Lesions at Baseline

2.1. Definitions

At baseline, tumor lesions will be categorized as follows:
measurable (lesions that can be accurately measured in at least
one dimension [longest diameter to be recorded] asù20 mm
with conventional techniques or asù10 mm with spiral CT scan
[seesection 2.2]) or nonmeasurable (all other lesions, including
small lesions [longest diameter <20 mm with conventional tech-
niques or <10 mm with spiral CT scan] and truly nonmeasurable
lesions).

The term “evaluable” in reference to measurability is not
recommended and will not be used because it does not provide
additional meaning or accuracy.

All measurements should be recorded in metric notation by
use of a ruler or calipers. All baseline evaluations should be
performed as closely as possible to the beginning of treatment
and never more than 4 weeks before the beginning of treatment.

Lesions considered to be truly nonmeasurable include the
following: bone lesions, leptomeningeal disease, ascites, pleural/
pericardial effusion, inflammatory breast disease, lymphangitis
cutis/pulmonis, abdominal masses that are not confirmed and
followed by imaging techniques, and cystic lesions.

(Note: Tumor lesions that are situated in a previously irradi-
ated area might or might not be considered measurable, and the
conditions under which such lesions should be considered must
be defined in the protocol when appropriate.)

2.2. Specifications by Methods of Measurements

The same method of assessment and the same technique
should be used to characterize each identified and reported le-
sion at baseline and during follow-up. Imaging-based evaluation
is preferred to evaluation by clinical examination when both
methods have been used to assess the antitumor effect of a
treatment.
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2.2.1. Clinical examination.Clinically detected lesions will
only be considered measurable when they are superficial (e.g.,
skin nodules and palpable lymph nodes). For the case of skin
lesions, documentation by color photography—including a ruler
to estimate the size of the lesion—is recommended.

2.2.2. Chest x-ray.Lesions on chest x-ray are acceptable as
measurable lesions when they are clearly defined and sur-
rounded by aerated lung. However, CT is preferable. More de-
tails concerning the use of this method of assessment for objec-
tive tumor response evaluation are provided in Appendix I.

2.2.3. CT and MRI. CT and MRI are the best currently
available and most reproducible methods for measuring target
lesions selected for response assessment. Conventional CT and
MRI should be performed with contiguous cuts of 10 mm or less
in slice thickness. Spiral CT should be performed by use of a
5-mm contiguous reconstruction algorithm; this specification
applies to the tumors of the chest, abdomen, and pelvis, while
head and neck tumors and those of the extremities usually re-
quire specific protocols. More details concerning the use of these
methods of assessment for objective tumor response evaluation
are provided in Appendix I.

2.2.4. Ultrasound.When the primary end point of the study
is objective response evaluation, ultrasound should not be used
to measure tumor lesions that are clinically not easily accessible.
It may be used as a possible alternative to clinical measurements
for superficial palpable lymph nodes, subcutaneous lesions, and
thyroid nodules. Ultrasound might also be useful to confirm the
complete disappearance of superficial lesions usually assessed
by clinical examination. Justifications for not using ultrasound to
measure tumor lesions for objective response evaluation are pro-
vided in Appendix I.

2.2.5. Endoscopy and laparoscopy.The utilization of these
techniques for objective tumor evaluation has not yet been fully
or widely validated. Their uses in this specific context require
sophisticated equipment and a high level of expertise that may
be available only in some centers. Therefore, utilization of such
techniques for objective tumor response should be restricted to
validation purposes in specialized centers. However, such tech-
niques can be useful in confirming complete histopathologic
response when biopsy specimens are obtained.

2.2.6. Tumor markers.Tumor markers alone cannot be used
to assess response. However, if markers are initially above the
upper normal limit, they must return to normal levels for a
patient to be considered in complete clinical response when all
tumor lesions have disappeared. Specific additional criteria for
standardized usage of prostate-specific antigen and CA (cancer
antigen) 125 response in support of clinical trials are being vali-
dated.

2.2.7. Cytology and histology.Cytologic and histologic
techniques can be used to differentiate between partial response
and complete response in rare cases (e.g., after treatment to
differentiate between residual benign lesions and residual ma-
lignant lesions in tumor types such as germ cell tumors). Cyto-
logic confirmation of the neoplastic nature of any effusion that
appears or worsens during treatment is required when the mea-
surable tumor has met criteria for response or stable disease.
Under such circumstances, the cytologic examination of the
fluid collected will permit differentiation between response or
stable disease (an effusion may be a side effect of the treatment)
and progressive disease (if the neoplastic origin of the fluid is
confirmed). New techniques to better establish objective tumor

response will be integrated into these criteria when they are fully
validated to be used in the context of tumor response evaluation.

3. Tumor Response Evaluation

3.1. Baseline Evaluation

3.1.1. Assessment of overall tumor burden and measur-
able disease.To assess objective response, it is necessary to
estimate the overall tumor burden at baseline to which subse-
quent measurements will be compared. Only patients with mea-
surable disease at baseline should be included in protocols where
objective tumor response is the primary end point. Measurable
disease is defined by the presence of at least one measurable
lesion (as defined in section 2.1). If the measurable disease is
restricted to a solitary lesion, its neoplastic nature should be
confirmed by cytology/histology.

3.1.2. Baseline documentation of “target” and “nontar-
get” lesions.All measurable lesions up to a maximum of five
lesions per organ and 10 lesions in total, representative of all
involved organs, should be identified as target lesions and re-
corded and measured at baseline. Target lesions should be se-
lected on the basis of their size (those with the longest diameter)
and their suitability for accurate repeated measurements (either
by imaging techniques or clinically). A sum of the longest di-
ameter for all target lesions will be calculated and reported as the
baseline sum longest diameter. The baseline sum longest diam-
eter will be used as the reference by which to characterize the
objective tumor response.

All other lesions (or sites of disease) should be identified as
nontarget lesions and should also be recorded at baseline. Mea-
surements of these lesions are not required, but the presence or
absence of each should be noted throughout follow-up.

3.2. Response Criteria

3.2.1. Evaluation of target lesions.This section provides the
definitions of the criteria used to determine objective tumor
response for target lesions. The criteria have been adapted from
the originalWHO Handbook (3),taking into account the mea-
surement of the longest diameter only for all target lesions:
complete response—the disappearance of all target lesions; par-
tial response—at least a 30% decrease in the sum of the longest
diameter of target lesions, taking as reference the baseline sum
longest diameter; progressive disease—at least a 20% increase
in the sum of the longest diameter of target lesions, taking as
reference the smallest sum longest diameter recorded since the
treatment started or the appearance of one or more new lesions;
stable disease—neither sufficient shrinkage to qualify for partial
response nor sufficient increase to qualify for progressive dis-
ease, taking as reference the smallest sum longest diameter since
the treatment started.

3.2.2. Evaluation of nontarget lesions.This section provides
the definitions of the criteria used to determine the objective
tumor response for nontarget lesions: complete response—the
disappearance of all nontarget lesions and normalization of tu-
mor marker level; incomplete response/stable disease—the per-
sistence of one or more nontarget lesion(s) and/or the mainte-
nance of tumor marker level above the normal limits; and
progressive disease—the appearance of one or more new lesions
and/or unequivocal progression of existing nontarget lesions(1).

(Note: Although a clear progression of “nontarget” lesions
only is exceptional, in such circumstances, the opinion of the
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treating physician should prevail and the progression status
should be confirmed later by the review panel [or study chair]).

3.2.3. Evaluation of best overall response.The best overall
response is the best response recorded from the start of treatment
until disease progression/recurrence (taking as reference for pro-
gressive disease the smallest measurements recorded since the
treatment started). In general, the patient’s best response assign-
ment will depend on the achievement of both measurement and
confirmation criteria (seesection 3.3.1). Table 1 provides overall
responses for all possible combinations of tumor responses in
target and nontarget lesions with or without the appearance of
new lesions.

(Notes:

• Patients with a global deterioration of health status requiring
discontinuation of treatment without objective evidence of dis-
ease progression at that time should be classified as having
“symptomatic deterioration.” Every effort should be made to
document the objective disease progression, even after discon-
tinuation of treatment.

• Conditions that may define early progression, early death, and
inevaluability are study specific and should be clearly defined
in each protocol (depending on treatment duration and treat-
ment periodicity).

• In some circumstances, it may be difficult to distinguish re-
sidual disease from normal tissue. When the evaluation of
complete response depends on this determination, it is recom-
mended that the residual lesion be investigated (fine-needle
aspiration/biopsy) before confirming the complete response
status.)

3.2.4. Frequency of tumor re-evaluation.Frequency of tu-
mor re-evaluation while on treatment should be protocol specific
and adapted to the type and schedule of treatment. However, in
the context of phase II studies where the beneficial effect of
therapy is not known, follow-up of every other cycle (i.e., 6–8
weeks) seems a reasonable norm. Smaller or greater time inter-
vals than these could be justified in specific regimens or cir-
cumstances.

After the end of the treatment, the need for repetitive tumor
evaluations depends on whether the phase II trial has, as a goal,
the response rate or the time to an event (disease progression/
death). If time to an event is the main end point of the study, then
routine re-evaluation is warranted of those patients who went off
the study for reasons other than the expected event at frequencies
to be determined by the protocol. Intervals between evaluations
twice as long as on study are often used, but no strict rule can be
made.

3.3. Confirmatory Measurement/Duration of Response

3.3.1. Confirmation. The main goal of confirmation of ob-
jective response in clinical trials is to avoid overestimating the
response rate observed. This aspect of response evaluation is
particularly important in nonrandomized trials where response is
the primary end point. In this setting, to be assigned a status of
partial response or complete response, changes in tumor mea-
surements must be confirmed by repeat assessments that should
be performed no less than 4 weeks after the criteria for response
are first met. Longer intervals as determined by the study pro-
tocol may also be appropriate.

In the case of stable disease, measurements must have met the
stable disease criteria at least once after study entry at a mini-
mum interval (in general, not less than 6–8 weeks) that is de-
fined in the study protocol (seesection 3.3.3).

(Note: Repeat studies to confirm changes in tumor size may
not always be feasible or may not be part of the standard practice
in protocols where progression-free survival and overall survival
are the key end points. In such cases, patients will not have
“confirmed response.” This distinction should be made clear
when reporting the outcome of such studies.)

3.3.2. Duration of overall response.The duration of overall
response is measured from the time that measurement criteria are
met for complete response or partial response (whichever status
is recorded first) until the first date that recurrent or progressive
disease is objectively documented (taking as reference for pro-
gressive disease the smallest measurements recorded since the
treatment started). The duration of overall complete response is
measured from the time measurement criteria are first met for
complete response until the first date that recurrent disease is
objectively documented.

3.3.3. Duration of stable disease.Stable disease is measured
from the start of the treatment until the criteria for disease pro-
gression is met (taking as reference the smallest measurements
recorded since the treatment started). The clinical relevance of
the duration of stable disease varies for different tumor types and
grades. Therefore, it is highly recommended that the protocol
specify the minimal time interval required between two mea-
surements for determination of stable disease. This time interval
should take into account the expected clinical benefit that such
a status may bring to the population under study.

(Note: The duration of response or stable disease as well as
the progression-free survival are influenced by the frequency of
follow-up after baseline evaluation. It is not in the scope of this
guideline to define a standard follow-up frequency that should
take into account many parameters, including disease types and
stages, treatment periodicity, and standard practice. However,
these limitations to the precision of the measured end point
should be taken into account if comparisons among trials are to
be made.)

3.4. Progression-Free Survival/Time to Progression

This document focuses primarily on the use of objective re-
sponse end points. In some circumstances (e.g., brain tumors or
investigation of noncytoreductive anticancer agents), response
evaluation may not be the optimal method to assess the potential
anticancer activity of new agents/regimens. In such cases, pro-
gression-free survival/time to progression can be considered
valuable alternatives to provide an initial estimate of biologic
effect of new agents that may work by a noncytotoxic mecha-

Table 1.Overall responses for all possible combinations of tumor responses
in target and nontarget lesions with or without the appearance of new lesions*

Target
lesions Nontarget lesions New lesions

Overall
response

CR CR No CR
CR Incomplete response/SD No PR
PR Non-PD No PR
SD Non-PD No SD
PD Any Yes or no PD
Any PD Yes or no PD
Any Any Yes PD

*CR 4 complete response; PR4 partial response; SD4 stable disease; and
PD 4 progressive disease.Seetext for more details.
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nism. It is clear though that, in an uncontrolled trial proposing to
utilize progession-free survival/time to progression, it will be
necessary to document with care the basis for estimating what
magnitude of progression-free survival/time to progression
would be expected in the absence of a treatment effect. It is also
recommended that the analysis be quite conservative in recog-
nition of the likelihood of confounding biases, e.g., with regard
to selection and ascertainment. Uncontrolled trials using pro-
gression-free survival or time to progression as a primary end
point should be considered on a case-by-case basis, and the
methodology to be applied should be thoroughly described in the
protocol.

4. Response Review

For trials where the response rate is the primary end point, it
is strongly recommended that all responses be reviewed by an
expert or experts independent of the study at the study’s comple-
tion. Simultaneous review of the patients’ files and radiologic
images is the best approach.

(Note: When a review of the radiologic images is to take
place, it is also recommended that images be free of marks that
might obscure the lesions or bias the evaluation of the reviewer[s]).

5. Reporting of Results

All patients included in the study must be assessed for re-
sponse to treatment, even if there are major protocol treatment
deviations or if they are ineligible. Each patient will be assigned
one of the following categories: 1) complete response, 2) partial
response, 3) stable disease, 4) progressive disease, 5) early death
from malignant disease, 6) early death from toxicity, 7) early
death because of other cause, or 9) unknown (not assessable,
insufficient data). (Note: By arbitrary convention, category 9
usually designates the “unknown” status of any type of data in a
clinical database.)

All of the patients who met the eligibility criteria should be
included in the main analysis of the response rate. Patients in
response categories 4–9 should be considered as failing to re-
spond to treatment (disease progression). Thus, an incorrect
treatment schedule or drug administration does not result in
exclusion from the analysis of the response rate. Precise defini-
tions for categories 4–9 will be protocol specific.

All conclusions should be based on all eligible patients.
Subanalyses may then be performed on the basis of a subset

of patients, excluding those for whom major protocol deviations
have been identified (e.g., early death due to other reasons, early
discontinuation of treatment, major protocol violations, etc).
However, these subanalyses may not serve as the basis for draw-
ing conclusions concerning treatment efficacy, and the reasons
for excluding patients from the analysis should be clearly re-
ported. The 95% confidence intervals should be provided.

6. Response Evaluation in Randomized Phase III Trials

Response evaluation in phase III trials may be an indicator of
the relative antitumor activity of the treatments evaluated but
may usually not solely predict the real therapeutic benefit for the
population studied. If objective response is selected as a primary
end point for a phase III study (only in circumstances where a
direct relationship between objective tumor response and a real
therapeutic benefit can be unambiguously demonstrated for the
population studied), the same criteria as those applicable to
phase II trials (RECIST guidelines) should be used.

On the other hand, some of the guidelines presented in this
special article might not be required in trials, such as phase III
trials, in which objective response isnot the primary end point.
For example, in such trials, it might not be necessary to measure
as many as 10 target lesions or to confirm response with a
follow-up assessment after 4 weeks or more. Protocols should be
written clearly with respect to planned response evaluation and
whether confirmation is required so as to avoidpost-hocdeci-
sions affecting patient evaluability.

APPENDIX I. SPECIFICATIONS FOR RADIOLOGIC

IMAGING

These notes are recommendations for use in clinical studies and, as
such, these protocols for computed tomography (CT) and magnetic
resonance imaging (MRI) scanning may differ from those employed in
clinical practice at various institutions. The use of standardized proto-
cols allows comparability both within and between different studies,
irrespective of where the examination has been undertaken.

Specific Notes

• For chest x-ray, not only should the film be performed in full
inspiration in the posteroanterior projection, but also the film to tube
distance should remain constant between examinations. However, pa-
tients in trials with advanced disease may not be well enough to fulfill
these criteria, and such situations should be reported together with the
measurements.

Lesions bordering the thoracic wall are not suitable for measurements
by chest x-ray, since a slight change in position of the patients can cause
considerable differences in the plane in which the lesion is projected
and may appear to cause a change that is actually an artifact. These
lesions should be followed by a CT or an MRI. Similarly, lesions
bordering or involving the mediastinum should be documented on CT
or MRI.

• CT scans of the thorax, abdomen, and pelvis should be contigu-
ous throughout the anatomic region of interest. As a rule of thumb, the
minimum size of the lesion should be no less than double the slice
thickness. Lesions smaller than this are subject to substantial “partial
volume” effects (i.e., size is underestimated because of the distance of
the cut from the longest diameter; such a lesion may appear to have
responded or progressed on subsequent examinations, when, in fact,
they remain the same size [Fig. 1]). This minimum lesion size for a
given slice thickness at baseline ensures that any lesion appearing
smaller on subsequent examinations will truly be decreasing in size.
The longest diameter of each target lesion should be selected in the
axial plane only.

The type of CT scanner is important regarding the slice thickness and
minimum-sized lesion. For spiral (helical) CT scanners, the minimum
size of any given lesion at baseline may be 10 mm, provided the images
are reconstructed contiguously at 5-mm intervals. For conventional CT
scanners, the minimum-sized lesion should be 20 mm by use of a
contiguous slice thickness of 10 mm.

The fundamental difference between spiral and conventional CT is
that conventional CT acquires the information only for the particular
slice thickness scanned, which is then expressed as a two-dimensional
representation of that thickness or volume as a gray scale image. The
next slice thickness needs to be scanned before it can be imaged and so
on. Spiral CT acquires the data for the whole volume imaged, typically
the whole of the thorax or upper abdomen in a single breath hold of
about 20–30 seconds. To view the images, a suitable reconstruction
algorithm is selected, by the machine, so the data are appropriately
imaged. As suggested above, for spiral CT, 5-mm reconstructions can
be made, thereby allowing a minimum-sized lesion of 10 mm.

Spiral CT is now the standard in most hospitals involved in cancer
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management in the United States, Europe, and Japan, so the above
comments related to spiral CT are pertinent. However, some institutions
involved in clinical trials will have conventional CT, but the number of
these scanners will decline as they are replaced by spiral CT.

Other body parts, where CT scans are of different slice thickness
(such as the neck, which is typically 5-mm thickness), or in the young
pediatric population, where the slice thickness may be different, the
minimum-sized lesion allowable for measurability of the lesion may be
different. However, it should be double the slice thickness. The slice
thickness and the minimum-sized lesion should be specified in the study
protocol.

In patients in whom the abdomen and pelvis have been imaged, oral
contrast agents should be given to accentuate the bowel against other

soft-tissue masses. This procedure is almost universally undertaken on
a routine basis.

Intravenous contrast agents should also be given, unless contraindi-
cated for medical reasons such as allergy. This is to accentuate vascular
structures from adjacent lymph node masses and to help enhance liver
and other visceral metastases. Although, in clinical practice, its use may
add little, in the context of a clinical study where objective response rate
based on measurable disease is the end point, unless an intravenous
contrast agent is given, a substantial number of otherwise measurable
lesions will not be measurable. The use of intravenous contrast agents
may sometimes seem unnecessary to monitor the evolution of specific
disease sites (e.g., in patients in whom the disease is apparently re-
stricted to the periphery of the lungs). However, the aim of a clinical

Fig 1. A) Computed tomography (CT) “scannogram” of the thorax with a simu-
lated 20-mm lesion in the right mid-zone.B) CT “scannogram” of the thorax
with contiguous slices of 10-mm thickness. Each volume within the slice thick-
ness is scanned, and the average attenuation coefficient (i.e., density of multiple
small cubes [voxels]) is represented spatially in two dimensions (pixels) as a
cross-sectional image on a gray scale. It is important to note each line on the
figure is a spatial representation of the average density for the structures that pass
through that slice thickness, and the line does not represent a thin “cut” through
it at that level. Therefore, a lesion of at least 20 mm will appear about its true
diameter on at least one image because sufficient volume of the lesion is present

so as not to average it down substantially.C) CT scannogram performed at
15-mm intervals. Depending on how much of the tumor is within the slice
thickness, the average density may be substantially underestimated, as in the
upper of the two lesions, or it may approximate the true tumor diameter, lower
lesion. This is an oversimplification of the process but illustrates the point
without going into the physics of CT reconstruction.D) CT scannogram per-
formed at 24-mm intervals and of 10-mm thickness. The lesion may be imaged
through its diameter, it may be partially imaged, or it may not be imaged at all.
This is the equivalent of imaging a very small lesion and trying to determine
whether its true diameter has changed from one examination to the next.
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study is to ensure that lesions are truly resolving, and there is no evidence
of new disease at other sites scanned (e.g., small metastases in the liver)
that may be more easily demonstrated with the use of intravenous
contrast agent that should, therefore, also be considered in this context.

The method of administration of intravenous contrast agents is vari-
able. Rather than try to institute rigid rules regarding methods for ad-
ministering contrast agents and the volume injected, it is appropriate to
suggest that an adequate volume of a suitable contrast agent should be

given so that the metastases are demonstrated to best effect and a consistent
method is used on subsequent examinations for any given patient.

All images from each examination should be included and not “se-
lected” images of the apparent lesion. This distinction is intended to
ensure that, if a review is undertaken, the reviewer can satisfy himself/
herself that no other abnormalities coexist. All window settings should
be included, particularly in the thorax, where the lung and soft-tissue
windows should be considered.

Fig 2. A) Computed tomography (CT) scan of the thorax at the level of the carina
on “soft-tissue” windows. Two lesions have been measured with calipers. The
intraparenchymal lesion has been measured bidimensionally, using the greatest
diameter and the greatest perpendicular distance. Unidimensional measurements
require only the greatest diameter to be measured. The anterior–carinal lymph
node has been measured using unidimensional criteria.B) The same image as

above imaged on “lung” windows, with the calipers remaining as they were for
the soft-tissue measurements. The size of the lung lesion appears different. The
anterior–carinal lymph node cannot be measured on these windows. The same
windows should be used on subsequent examinations to measure any lesions.
Some favor soft-tissue windows, so paratracheal, anterior, and subcarinal lesions
may be followed on the same settings as intraparenchymal lesions.

Fig 3. A) Ultrasound scan of a normal structure, the right kidney, which has been
measured as 93 mm with the use of callipers.B) Ultrasound scan of the same
kidney taken a few minutes later when it measures 108 mm. It appears to have
increased in size by 16%. The difference is due to foreshortening of the kidney

in panel A. The lack of anatomic landmarks makes accurate measurement in the
same plane on subsequent examinations difficult. One has to hope that the
measurements given on the hard copy film are a true and accurate reflection of
events.
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Lesions should be measured on the same window setting on each
examination. It is not acceptable to measure a lesion on lung windows
on one examination and on soft-tissue settings on the next (Fig. 2). In
the lung, it does not really matter whether lung or soft-tissue windows
are used for intraparenchymal lesions, provided a thorough assessment
of nodal and parenchymal disease has been undertaken and the target
lesions are measured as appropriate by use of the same window settings
for repeated examinations throughout the study.

• Use of MRI is a complex issue. MRI is entirely acceptable and
capable of providing images in different anatomic planes. It is, there-
fore, important that, when MRI is used, lesions must be measured in the
same anatomic plane by use of the same imaging sequences on subse-
quent examinations. MRI scanners vary in the images produced. Some
of the factors involved include the magnet strength (high-field magnets
require shorter scan times, typically 2–5 minutes), the coil design, and
patient cooperation. Wherever possible, the same scanner should be
used. For instance, the images provided by a 1.5-Tesla scanner will
differ from those provided by a 0.5-Tesla scanner. Although compari-
sons can be made between images from different scanners, such com-
parisons are not ideal. Moreover, many patients with advanced malig-
nancy are in pain, so their ability to remain still for the duration of a
scan sequence—on the order of 2–5 minutes—is limited. Any move-
ment during the scan time leads to motion artifacts and degradation of
image quality, so that the examination will probably be useless. For
these reasons, CT is, at this point in time, the imaging modality of choice.

• Ultrasound examinations should not be used in clinical trials to
measure tumor regression or progression of lesions that are not super-
ficial because the examination is necessarily subjective. Entire exami-
nations cannot be reproduced for independent review at a later date, and
it must be assumed, whether or not it is the case, that the hard-copy
films available represent a true and accurate reflection of events (Fig.
3). Furthermore, if, for example, the only measurable lesion is in the
para-aortic region of the abdomen and if gas in the bowel overlies the
lesion, the lesion will not be detected because the ultrasound beam
cannot penetrate the gas. Accordingly, the disease staging (or restaging
for treatment evaluation) for this patient will not be accurate.

The same imaging modality must be used throughout the study to
measure disease. Different imaging techniques have differing sensitivi-
ties, so any given lesion may have different dimensions at any given
time if measured with different modalities. It is, therefore, not accept-
able to interchange different modalities throughout a trial and use these
measurements. It must be the same technique throughout.

It is desirable to try to standardize the imaging modalities without
adding undue constraints so that patients are not unnecessarily excluded
from clinical trials.
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Diameter, 2r Product, (2r)2 Volume, 4/3pr3

Response Decrease Decrease Decrease
30% 50% 65%
50% 75% 87%

Disease progression Increase Increase Increase
12% 25% 40%
20% 44% 73%
25% 56% 95%
30% 69% 120%

*Shaded areas represent the response evaluation criteria in solid tumors (di-
ameter) and World Health Organization (product) criteria for change in tumor
size to meet response and disease progression definitions.
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APPENDIX V. RETROSPECTIVE COMPARISON OF

RESPONSE/DISEASE PROGRESSION RATES OBTAINED

WITH THE WORLD HEALTH ORGANIZATION

(WHO)/SOUTHWEST ONCOLOGY GROUP CRITERIA

AND THE NEW RESPONSE EVALUATION CRITERIA IN

SOLID TUMORS (RECIST) CRITERIA

To evaluate the hypothesis by which unidimensional measurement of
tumor lesions may substitute for the usual bidimensional approach, a
number of retrospective analyses have been undertaken. The results of
these analysis are given below in this section.

1. Comparison of Response and Disease Progression Rates
by Use of WHO (or Modified WHO) or RECIST Methods

1.1. Trials Evaluated

No specific selection criteria were employed except that trial data had
to include serial (repeated) records of tumor measurements. Several

groups evaluated their own data on one or more such studies (National
Institute of Canada Clinical Trials Group, Kingston, ON; U.S. National
Cancer Institute, Bethesda, MD; and Rhone-Poulenc Rorer Pharmaceu-
ticals Inc., Paris, France) or made data available for evaluation to the
U.S. National Cancer Institute (Southwest Oncology Group and Bristol-
Myers Squibb, Wallingford, CT)

1.2. Response Criteria Evaluated

Not all databases were assessed for all response outcomes. At the
outset of this process, the most interest was in the assessment of com-
plete plus partial response rate comparisons by both the WHO and new
RECIST criteria. Once these data suggested no impact of using the new
criteria on the response rate, several more databases were analyzed for
the impact of the use of the new criteria not only on complete response
plus partial response but also on stable disease and progressive disease
rates (seeAppendix V, Table 4) and on time to disease progression (see
Appendix V, Table 5).

1.3. Methods of Comparison

For each patient in each study, baseline sums were calculated (sum of
products of the two longest diameters in perpendicular dimensions for
WHO and sum of longest diameters for RECIST). After each assess-
ment, when new tumor measures were available, the sums were recal-
culated. Patients were assigned complete response, partial response,
stable disease, and progressive disease as their “best” response on the
basis of achieving the measurement criteria as indicated in Appendix V,
Table 3. For both WHO and RECIST, a minimum interval of 4 weeks
was required to consider complete response and partial response con-
firmed. Each patient could, therefore, be assigned a best response ac-
cording to each of the two criteria. The overall response and disease
progression rates could be calculated for the population studied for each
trial or dataset examined.

(Note: For WHO progressive disease, as is the convention in most
groups, an increase in sums of products was required, not an increase in
only one lesion.)

1.4. Results

2. Evaluation of Time to Disease Progression

Time to disease progression was evaluated, comparing WHO criteria
with RECIST in a dataset provided by the Southwest Oncology Group

Appendix V, Table 3.Definition of best response according to WHO or
RECIST criteria*

Best
response

WHO change in sum of
products

RECIST change in sums
longest diameters

CR Disappearance; confirmed at
4 wks†

Disappearance; confirmed at
4 wks†

PR 50% decrease; confirmed at
4 wks†

30% decrease; confirmed at
4 wks†

SD Neither PR nor PD criteria
met

Neither PR nor PD criteria
met

PD 25% increase; no CR, PR, or
SD documented before
increased disease

20% increase; no CR, PR, or
SD documented before
increased disease

*WHO 4 World Health Organization; RECIST4 Response Evaluation Cri-
teria in Solid Tumors; CR4 complete response, PR4 partial response,
SD 4 stable disease, and PD4 progressive disease.

†For the Bristol-Myers Squibb (Wallingford, CT) dataset, only unconfirmed
CR and PR have been used to compare best response measured in one dimension
(RECIST criteria) versus best response measured in two dimensions (WHO
criteria). The computer flag identifying confirmed response in this dataset could
not be used in the comparison for technical reasons.
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Appendix V, Table 4.Comparison of RECIST (unidimensional) and WHO (bidimensional) criteria in the same patients recruited in 14 different trials*

Tumor site/type Criteria
No. of patients

evaluated

Best response

RR PD rateCR PR SD PD

Breast† WHO 48 4 22 54%
RECIST 48 4 22 54%

Breast‡ WHO 172 4 36 23%
RECIST 172 4 40 26%

Brain† WHO 31 12 10 71%
RECIST 31 12 10 71%

Melanoma† WHO 190 9 37 24%
RECIST 190 9 34 23%

Breast§ WHO 531 50 102 29%
RECIST 531 50 108 30%

Colon§ WHO 1096 12 137 14%
RECIST 1096 12 133 13%

Lung§ WHO 1197 60 317 32%
RECIST 1197 60 318 32%

Ovary§ WHO 554 24 108 24%
RECIST 554 24 105 23%

Lung† WHO 24 0 4 16 4 17% 17%
RECIST 24 0 4 19 1 17% 4%

Colon† WHO 31 1 6 15 9 23% 29%
RECIST 31 1 5 16 9 21% 29%

Sarcoma† WHO 28 1 4 13 10 18% 36%
RECIST 28 1 5 17 5 21% 18%

Ovary† WHO 45 0 7 19 19 16% 42%
RECIST 45 0 6 21 18 13% 40%

Breast\ WHO 306 18 114 117 57 43% 19%
RECIST 306 18 108 124 56 41% 18%

Breast\ WHO 360 10 73 135 142 23% 39%
RECIST 361 10 70 139 142 22% 39%

Total (all studies WHO 4613 205 977 25.6%
where tumor response RECIST 4614 205 968 25.4%
was evaluated)

Total (all studies where WHO 794 315 241 30.3%
PD as well as CR + PR RECIST 795 336 231 29%
were evaluated)

*WHO 4 World Health Organization(3); RECIST4 Response Evaluation Criteria in Solid Tumors; CR4 complete response; PR4 partial response; SD4
stable disease; PD4 progressive disease; and RR4 response rate.

†Data from the National Cancer Institute of Canada Clinical Trials Group phase II and III trials.
‡Data from the National Cancer Institute, United States phase III trial.
§Data from Bristol-Myers Squibb (Wallingford, CT) phase II and III trials.
\Data from Rhone-Poulenc Rorer Pharmaceuticals Inc., (Paris, France) phase III trials (note:one patient in this database had unidimensional measured lesions only

and could not be evaluated with the WHO criteria).

Appendix V, Table 5.Proportions of patients with disease progression by different assessment methods*

No. of patients %

Total No. of progressors 234 100

Progress by appearance of new lesions† 118 50

Progress by increase in pre-existing measurable disease 116 50

Same date of disease progression by WHO and RECIST criteria 215 91.9

Different date of disease progression 19 8.1

Earlier PD with WHO criterion 17 7.3

Earlier PD with unidimensional criterion 2 0.9

*PD 4 progressive disease; WHO4 World Health Organizaiton; and RECIST4 Response Evaluation
Criteria in Solid Tumors.

†Also includes a few patients with PD because of marked increase of nonmeasurable disease.
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(SWOG). Since SWOG criteria(5) for disease progression is a 50%
increase in the sum of the products, or new disease, or an absolute
increase of 10 cm2 in the sum of the products, this dataset provided the
means of assessing the impact of time to disease progression differences
between a 25% increase in the sum of the products and a 20% increase
in the sum of the longest diameters (equivalent to approximately a 44%
increase in the product sum).

2.1. Dataset Evaluated

The dataset includes 234 patients with progressive disease as defined
by the SWOG(5). All patients had baseline measurable disease
followed by the same technique(s) until disease progression. The tu-
mor types included were melanoma and colorectal, lung, and breast
cancers.
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Appendix V, Table 6.Magnitude of time to disease progression disagreements when differences existed*

No. of patients % (of 234,seeabove)

No. of progressors with differing progression dates 19 8.1
8–9 wks’ difference 3 1.3
12 wks’ difference 1 0.4
24–31 wks’ difference† 2 0.9
Difference uncertain due to censoring of either

WHO or RECIST progression time‡
13 5.6

*WHO 4 World Health Organization; RECIST4 Response Evaluation Criteria in Solid Tumors.
†For one patient, progression by RECIST (one-dimension) criteria preceded that by WHO criteria by 24 weeks

due primarily to one-dimensional growth. For a second patient, with a colon tumor that increased in cross-section
by 25%, then regressed completely, and then recurred, progression by WHO criteria preceded that by RECIST
criteria by 31 weeks.

‡As indicated in Appendix V, Table 6, 13 of the 19 patients had uncertain disease progression time differences
when comparing RECIST and WHO criteria. In these patients, the RECIST progression criteria were not met by
the time that disease progression by Southwest Oncology Group (SWOG) criteria(5) had occurred (50% increase
or a 10 cm2 increase in tumor cross-section). Notably, six of these patients had the same disease progression
dates determined by use of WHO (25% bidimensional increase) and SWOG (50% bidimensional increase)
criteria. Since 20% unidimensional increase (RECIST) is equivalent to approximately 44% bidimensional
increase, it is likely, although not certain, that disease progression by RECIST unidimensional criteria would
have occurred soon after disease progression by SWOG and WHO criteria. For three patients, the difference
between the WHO and SWOG 50% bidimensional increase was 10–12 weeks. Again, it is likely, although it
cannot be proven, that RECIST criteria would have been met soon after. The remaining four of the 13 patients
where difference between WHO and RECIST progression times are uncertain were categorized as progressive
disease following SWOG’s criteria(5) because of an increase of the tumor surface of greater than or equal to
10 cm2. For these patients, the magnitude of the difference is entirely uncertain.
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