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h classificati juding & new pro-
veu-_ v.: .9.5 by the International _.<5n..o=..- Study Group
(ILSG). Howaever, the clinical significance of the new entiti

nosis of NHL was confirmed in 1,378 (98.2%) of the cases.
The most common lymphoma types were diffuse large B-
cell lymphoma (31%) and follicular lymphoma (22%),
whereas the new entities comprised 21% of the cases. Diag-

and the practical utility of this new proposal have not been
studied. Therefore, we performed a clinical evaiuation of the
ILSG ciassification. A cohort of 1,403 cases of NHL was orga-
nized at nine u.=n< sites around the world and consisted of

seenb 1988 and 1990 who were
previously d. A detailed p | for histologic and
linical tysis was foli d at each site, and immunologic

cha -So_._un:o: as to T- or B-cell phenotype was required.
Five expert hematopathologists visited the sites and each
classified each case using the ILSG classification. A

nostic y was at least 85% for most of the major
_<=.-....o=.- 2_3-. and reprod .r..=< of the diagnosis was
85%. yping i the di ic accu-

racy by 10% 3 45% for a .E.s&o.. of the major types. The
clinical features of the new entities were distinctive. Both
the histologic 2-.3 and the patient characteristics as de-
fined by the i | Prog ic Index predicted for pa-
tient survival. In conclusion we found that the ILSG classifi-
cation can be readily applied and identifies clinically
distinctive types of NHL. However, for clinical -vv__nn._o-.

sus diagnosis was alsoséfiched in each case, and each expert
i d » 20% rand le of the cases. Clinical corre-
lations and survival analyses were then performed. A diag-

ECAUSE OF the incressing incidence of non-Hodg-
kin’s lymphoma (NHL), with approximately 53,000
new cases occwrring annually in the United States,'? the
diagnosis and classification of these disorders is an increas-
ingly important clinical issue. The classification of NHL has
evolved steadily throughout the twentieth century. An early
system proposed by Gall and Matllory® used the terms giant
follicular lymphama, lymphosarcoma, and reticutum cell sur-
comi, but proved oo inprecise for clinical application. In
the 1950s, Rappaport et al’ recognized the importance of the
growth pattern in some types of NHL and used pattern,
addition 1o cell size and shape, as the basis of a new and
clinically relevant classification. In the 1970s, recognition
that NHLs were tumors of the immune system and were
derived from T or B cells led 10 the immunologically based
classifications of Lukes and Collins,” and later Lennert and
associates (Kiel classification).®® In an attempt to unify ter-
minology and improve the effectiveness of communication
between pathologists and clinicians, the Working Formula-
tion was proposed in 1982.” Over the next two decades.
however, the Kiel classitication dominated clinical practice
in Europe, whereas the Working Formulation became the
main classification system used in North America.
In the last two decades, increased understanding of the
i system and the genetic abnormalities associated
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with NHL have led to the identification of several pre-
viously unrecognized types of lymphoma. These include
mantle cell tymphoma,'' ** monocytoid B-cell lym-
phoma,* ** extranodal lymphoma of mucosa-associated
lymphoid tissue (MALT),'* ™ splenic marginal zone
lymphoma,™* ™ primary mediastinal large B-cell lym-
phoma,” " and a variety of T-cell lymphomas,*™” in-
cluding anaplastic large cell lymphoma.”** The recogni-
tion of these new and supposedly clinically relevant types
of NHL has led to proposals for changing lymphoma
classifications. Moditications of the existing classifica-
tions, and a new proposal by the International Lymphoma

Blood, Vol 89, No 11 (June 1), 1997: pp 3909-3918

pi factors as defined by the ional Prog

Index must be bined with the histologic diagnosis for
appropriate clinical decisions. .

© 1997 by The A ican Sotiety of H logy.

Study Group (ILSG)™ incorporating some aspects of the
Kiel classitication and Working Formulation, have been
put forward. However, the clinical signiticance of the
new lymphoma entities and the practical utility and clini-
cal relevance of this new proposal needed to be tested.

The histologic diagnosis of specific subtypes of NHL. is
widely believed 1o be imprecise. Previous studies have iden-
tified high rates of diagnostic discrepancy between different
pathologists (interobserver variability) and for the same pa
thologist (reproducibility) when reviewing the same case al
different times.* ™ This inaccuracy in diagnosis has made
treatment decisions difficult. In the past two decades, the
widespread use of immunophenotyping has led to increased
insight into the diagnosis and classification of umors of the
immune sysiem. However, the value of immunophenotyping
in the day-to-day practice of lymphoma diagnosis and clini-
cal care has not been clearly shown.

With this backgrowmd, we set out to perform a retiospec-
tive clinical evaluation of the newly proposed ILSG classiti-
cation.* Although the ILSG classification is a proposal for

ssifying atl lymphoid neoplasms (Table 1), our study was
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ago i NHL CLASSIFICATION PROJECT
Table 1. i t Study Group Classii » ]
B-Cell Lymphoma T/NK-Cell Lymphoma . Others
Precursor B-ly { f T-ly bi ' C ite t h {types ied)t
Smatt lymphocytic (CLL} T-celt chronic tymphocytic leukemia Mali b h low grade
Lymphoplasmacytic Large granular lymphocyte levkemia Mali ¥ high grade
Mantle cell Mycosis fungoides Mali ty

Follicle center, follicular Peripheral T cell, unspecified

Grade 1* Medium-sized
Grade 2* Mixed medium and large cell
Grade 3* Large cell

Follicle center diffuse, small cell Lymphoepithslioid

Marginat zone B-cell, MALT type Hepatospienic

Marginal zone B-cell, nodal
Marginal zone B-cell, splenic

Subcutaneous panniculitic
Angicimmunoblastic

Hodgkin's disease
Di other than ly
Case unclassitiable

Hairy cell leukemia Angiocentric, nasal .
Plasmacytoma Intestinal '
Ditfuse large B-cell Adult T-cell tymphoma/leukemia
Diffuse mediastinal large B-cell A [ targe cell {including null ph ,

Burkitt's

High grade 8-celi, Burkitt-like
Unclassifiable low grade
Unclassifiable high grade

Unclassifiable low grade
Unclessifiable high grade

Anaplastic large cell, Hodgkin's-like

Provisional categories are indicated in italic type.

Abbreviations: nrr chronic lymphocytic feukemia; MALT, id lymphoid tissue.

* Follicular b are desi d as such and were graded wnaoa_su to the Berard method.®
tC lymph of two distinctly y btypes of Iy

Data from In:_m et al ™ ‘ !

designed to only ass the IL.SG classitication of NHL.
Specitic goals of our study were the following: (1) to evalu-
ate the ability of hematopathologists 1o apply the ILSG clas-
sification to a retrospective group of cases collected at sites
around the world; (2) to determine the role of immunopheno-
typing and clinical data in the diagnosis of the various enti-
ties; (3) to determine the clinical importance of immunophe-
notyping; (4) to determine the intraobserver and interobserver
reproducibility of diagnosis of the various enltities; (5) to
determine clinical correlations for the various entities, in-
cluding clinical features at presentation and survival out-
comes; and (6) to determine whether certain entities can vn
grouped for progaostic o therapeutic purposes.,

PATIENTS AND METHODS
Nine institutions in cight countries wese chosen o provide up
to 200 consecutive cases of previously untreated NHL that were
representative of the geographic region during the time between

January |, 1988 and December 31, 1990. The first 200 cases at each
e that fultitled the following criteria were selected for the ,::_«
In alt cases, tissue biopsy sampies that were ads for di 1

and date of birth; the date und site of the diagnostic biopyy: and a
tubulation of aodal and extranodal sites of involvement and Ann
Arborstage ar the time of initial diagnosis. Laboratory data were
recorded, including the serum lactate debydrogenase level, absolute
tymphocyie count, presence o circututing lymphoma cells, presence
of a monuclonal serum g, and a history of unmunodeficiency and
viral (human T-cell leukemia virus-§ (HTLV- 1}, human immunode-
:&n.:r.v\ virus [HIV]) status. Also recorded were the performance
stats and maximum diameter of the largest wmor mass. The in
therapy and therapeutic resp details of
or relupse, and subsey h jes and toll p were tabulated
in each case. For this report, all ..:..vn, with clinical data were included
regardiess of the specific therapies given. In 73 of the cases, sufficient
data was not available for the clinical and survival analyses,

At cach institution, the pathology shdes und reponts for cach case
were carelully reviewed by a desigaated site pathotogist. The origi-
nad stained slides und immunostains wore organized for review, and

dd ! ! et and other studies were performed
if deemed necessary by the site pathologist. The results of the immu-
nologic studies for cach case, as well as any available cytogenetic
or molecular genetic data, were recorded on a standardized torm for

prog h

direct computerized data entry. Five expent hematopathologists then

and classification were requiced, and all di

pathology materi-
als obtained before imtial therapy, :.»..:.::w puositive bune marrow
(BM) specimens, were included in the pathology review. } -
logic characterization as 10 B- or T-cell origin, by whatever means
in use at the wstitution, was also required in all cases. Leukemias
were excluded front the study unless a tissue biopsy, other than BM,
was performed betore therapy. Clinical characteristics, treatment
data, and some tollow-up inforination were also required in all cases.
The nine study sites, which provided a total of 1,403 cases, are
shown in Table 2.

The clinical saformation for euch case was abstracted from the
medical record by a clinician or dita manager and recorded on a
standardized form for direct computerized data entry. These data
inchuded coded patient and site identifices; patient sex, cthnic origin,

d as a group 10 eagh of the nine sites 10 review and cla

Table 2. Number of Cases by Study Site

Srte . Cases
Omaha, NE 200
Vancouver, Canada 202
Cape Town, South Africa 196
London, UK 120
Locarno, Switzerland 80
Lyon, France 195
Wiirzburg/Gottingen, Germany 210
Hang Kong 200

ILSG CLASSIFICATION FOR NHL
FoL

visits occurred over a period of 8 months beginning in June 1995PAR
expert p gists used a standard Nikon Labophy
(Nikon, Inc, Melville, NY3, _=n_=.:=r= 10x plan achromat objective
(high-power field = 0.159 mm*). The diagnostic categories in each
of the three clas: i were used g to p
fia ™% More specitic criteria were developed for some of the enti-
lies with Nancy L. Harris providing consultation regarding the ILSG
classitication. The criteria of Mann and Berard™ were used to grade
follicular tymphoma in the ILSG classification.

At euch site, the diugnostic slides were reviewed and class
independently by each expert hematopathologist. The initial classi-
tication was based on of the h ylin-eosin and/or
Giemsa stained slides with only the following clinical information

from the time of initial diagnosis: patiemt age und sex, site of the

g q%% 3911
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n..r_.. case in each of the three major classifications.”™* The x:nA.u,ir_ﬂar u~§ 'of NHL Cases by the Consensus Diagnos

w.:vé. and the major site of disease tie, diag| 1). After ding
a in each jon, the expert was then presented with
the immunophenotypic profile, along with any available cytogenetic
and molecular genetic data, and the immunostains and/or fow cy-
tometry report. After review, a second diagnosis was rendered in

each classification (ie, dffgnosis 2). Then, the expert was g
with all of the pretreatment clinicat information and  third ...Em:c. is
was made in each classitication (ie, diagnosis 3). No previous diag-
nosis could be changed bascd on information ::_?rz:n_:_« R.R:_n;

If a case was considered unclassitiable in any of the <l
the expert was required to give & reason, ie, inadequate :::n:u_

poor side preparation, additional phenotyping needed,
information needed, or other reasons. The expert was allowed 10
change the phenotype of a case it he interpreted the i

Consensus Diagnosis No. of Cases % of Total Cases
2 microscope +
Diffuse large B-celt 422 306
Follicutar ¢ 304 221
d crite- Grade 1 131 9.5
Grade 2 oo 85 6.2
Grade 3 88 6.4
Marginal zone B-cell, MALT * 108 7.6
Peripheral T-cell 96 7.0
tied Msdium-sized, mixed, and large 61 37
Angiocentric, nasal 19 1.4
Angioimmunoblastic 17 1.2
Intestinal 5 <1
Lymphoepithelioid 2 <1
H I 1 ~1
Adult T-cell leukemia/lymphoma 1 ~1
Smali B-lymphocytic (CLL) 7 93 8.7
Mantle cell 83 6.0
Primary mediastinal large B-cell 3 2.4
A ic large T/null-cell 33 2.4
High grade B-cell, Burkitt-like 29 20
Marginal zone B-cell, nodal 25 18
Precursor T-lymphoblastic n Y] 1.7
Lymph id .6 12
Marginal zone B-cel, splenic 11 -1
dditionat ycosis f i 1 1
Burkitt's 10 -
Alt other types . B4 6.1

andfor phenotype data differently thun the site pathologist. For some
diagnostic categories, a research protocol was also completed by
the expent pathologists. Alt of this information was recorded on
standardized forms for direct computerized data eniry. Approxi-
mately 40 10 50 cases were 65«;2_ by each pathologist each day.

In udd to the independ: i Jered by each of the
expert p logists. a ¢ sus diag was also reached in each
case. A consensus was considered to have been reached if at least
four of the five expent pathologists agreed on the third diagnosi
(diagnosis 3) in the ILSG classification. A diagnosis of follicular
lymphoma of any grade was considered an agreement, and a diagno-
sis of peripheral T-cell lymphoma of any type was also considered
an agreement. In these latier two categories, agreement by three of
the five expen ?.:_:_:Ev? with regard to the specific type was

dered the ¢ 2 . it there was no agreement with
regurd o the type, the case wiis arbitrated by 1. Weisenburger based
on the individual diagnoses and the research protocol. All other
cases without a consensus diagnosis were jointly reviewed on a
multi-headed microscope and discussed by the five expert patholo-
gists and the site pathologist in a ¢ « ce at the end
of each day. and an atempt was made to reach a consensus of at
feast four expert pathologists in cach case. I additional sections,
immunostains, molecular studies, or other information was required,
adiagnostic algorithm was developed by the group and the additional
materials were obtained, if possible, and reviewed at a subsequent
consensus conference at the site. |f the additional matenials could
not be obtained during the site visit, the required materials and
information were subsequently sent to D. Weisenburger who arbi-
trated 1the case based on the algorithm.

Al the end of each site visit. after all cases had been reviewed,
each expert ?_:.c_cw_/_ rereviewed 20% of the cases. The cases for
rereview were domly selecled by the stz These cases
were classified a second time by each expert, withoul knowledge of
his initial interp ion, using all available pathology ials and
pretreatment climcal information. Cases in which a consensus drag-
nosis had not yet been reached were excluded from the rereview.

Abbreviation: CLL, chronic .<=,€:.uo<:n leukemia.

Completed clinical and p logy forms were reviewed and edited
to detect any inconsistencies, and additional infornuion and/or clari-
ficution was obtained when needed. Atier completion of the editing,
the clinical and pathology data torms were entered into a computer
for data analysis. The International Prognostic Index”' was used 1o
stratiy patients within the various disease entities. Treatment out-
come was measured using failure-frée survival and overall survival.
Failure-free survival was defined as the time from diagnosis to the
first occurrence of progression, relapse after response or death from
any cause. Follow-up of patients not experiencing one of these events
was censored at their date of last contact. Overall survival wis
measured trom diagnosis to death from any cause, with surviving
patie follow-up censored an the last contact date Estiniates of
lure-free survival and overall survival distribution were caleutined
using the method of Kaplan and Meier.” ¢ 10 event distributions
were compared using the log-rank test.”!

RESULTS

Twenty-five of the 1,403 cases (1.8%) were found to have
a diagnosis other than NHL and, thus, were excluded trom
further analysis. The types of NHL found in the remaining
1376 cases are presented in Table 3. Approximately 31%
of the cases were forms of ditfuse farge B-cell tymphoma
and approxinately 22% of the cases were types of follicular
lymphoma. All types of T-cell processes, including natural
Killer (NK) cell disorders, made up only 12% of the cases.
Small lymphocytic lymphoma was observed in 6.7% of the
cases, a higher percentage than is sometimes appreciated.
The major newly recognized types of lymphoma that oc-
curred most frequently were marginal zone B-cetl lymphoma
of MALT type (7.6%), mantle cell lymphoma (6.0%). pri-
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Table 4. Expert Pathologist Agresment With the
Consensus Diagnosis
Dx 1* ADx21 Dx2t ADx32 Dx3%
Consensus Diagnosis 1%} %) %} (%) 1%)
Follicular, any grade 93 1 94 ] 94
Follicular, grade 1 72 1 73 [} 73
Follicutar, grade 2 61 0 61 1] 81
Foliicular, grade 3 60 1 61 [1] 61
Marginal zone B-cell, MALT 84 2 86 Q 86
Smalt lymphoceytic (CLL) B84 3 87 [} 87
Lymphoplasmacytoid 83 K] 56 0 56
High grade 8-c
Burkitt-like 47 [ 53 0 63
Primary mediastinal targe
8-cell 51 7 58 37 85
Maiginal zone B-cell, nodal 55 8 63 0 63
Mantle cell 77 10 87 0 87
Diffuse targe B-celi 73 14 87 0 87
Precursor T-lymphaoblastic 52 35 87 2 a9
Anaplastic large T/null-ceil 46 39 85 0 85
Periphérat T-cell, all types 41 45 86 0 86

Abbreviation: CLL, chronic lymphocytic leukemia.

* Diagnosis 1 based only on histology.

1 Diagnosis 2 based on and i h P

# Diagnosis 3 based on histology, immunophenotype and clinical
data.

mary mediastinal large B-cell lymphoma (2.4%). and ana-
plastic large T/null-cell lymphoma (2.4%). Only 2.8% of the
1,378 cases of NHL could not be specitically classitied using
this system, usually because of technical factors.

Three diagnoses were made by each expert pathologist in
each case: une based on only histology. the second based
on histology and immunophenotype data, and the third bused
on a combination of histology, immunophenotype, and clini-
cal data. In Table 4, the percentages of the review diugnoses
that agreed with the consensus diagnosis are given for each
major histologic type. For most of the histologic types, the
percentage of third review diagnoses (using all available
data) that agreed with the consensus diagnosis equaled or
exceeded 85%. The percent agreement was only 53% for
high-grade B-cell Burkitt-like tumors, where distinetions be-
tween  Burkit's  lymphoma and  diffuse large B-cell
lymphoma often proved difficult. The percent ugreement was
also below 85% for lymphuplasmacytoid lymphoma and
nodal marginal zone B-cell lymphoma, also due at least in
part to the imprecise definitions of these entities, Whereas
the accuracy of diagnosis of follicular lymphoma was 94%,
the percent agreement for the various grades of the follicular
lymphoma was only 61% to 73%. However, the agreement
in follicular lymphoma, grade 3, increased to 74% if cases
with a diffuse component were also considered as an agree-
ment,

The usefulness of immunophenotyping in making the cor-
rect diagnosis was dependent on the specific disease (Table
4). For some lymphomas, such as follicular tymphoma, mar-
ginal zone B-cell lymphoma of MALT type, and the small
lymphocytic and lymphoplasmacytoid lymphomas, informa-
tion on the immunophenotype did not increase the diagnostic
accuracy significantly. However, for the mantle cell, diffuse
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large B-cell, and the T-cell lymphomas, immunophenotyping
was helpful in many cases in reaching the correct diagnosis
and improved the diagnostic accuracy by some 10% 10 45%.
For muny of these cases, the imtial diagnosis based on histol-
ogy only was unclassifiable malignant lymphoma. Immuno-
phenotyping allowed the classification of such cases into
specitic categories. Detailed clinical data was helptul only
n distinguishing primary mediastinal farge B-cell lymphoma
from the other diffuse large B-celt lymphomas, because there
were no characteristic histologic or immunologic differences
between these two categories.

The expert pathologists’ rereview of a 209 sample of the
cases at each site showed that they could reproducibly make
a diagnosis of NHL (Table 5). Overall, the rereview diagno-
-sis agreed exactly with the pathologist’s initial disgnosis 3 or
‘the consensus diagnosis tincluding the grading of follicular
lymphoma) in 85% of the cases (range, 82% to 89% ). Be-
cause the consensus diagnosis for all of these cases was
reached before the time of the receview, the consensus pro-
‘cess may have influenced the assessment of sonie cuses at
rereview. Therefore, the pathologists were allowed 10 agree
with either their original diagnosis 3 or the consensus diagno-
sis at the time of rereview. For an additional 9% of the cases,
the rereview diagnosis was nearly the same as the original
diagnosis (e, follicular, grade 1, v follicular, grade 2: or,
‘folticular, grade 3, v follicular, grade 3, plus diffuse large
B-cell). Thus, for 94% of the cases rereviewed (range, 92%
10 97%), the expert pathologists made o diagnosis consistent
with either their original diagnosis 3 or the consensus diagno-
sis. In only 6% of the cases (range, 3% t0 8%:) the patholo-
.gist’s rereview diagnosis would likely have led to a different

approach to therapy than the original diagnosis.

, The clinical characteristics of the more common types of
Jlymphoma are presented in Table 6. It is important to recog-
“.nize that, although the average results vary between the vari-
ous types, there was considerable overlap between the types
for any particular characteristic. The newly recognized types
of lymphoma uppear to be distinctive. Marginal sone B-
cell lymphoma of MALT type was characlerized by a high
frequency of localized extranodal disease and a prolonged
survival, whereas nodal marginal zone (monocytoid) B-cell
lymphoma more often presented with advanced-stage di
_ease and had a worse survival. Mantle cell lymphoma had

Tabile 5. Pathologist Ag Upon R iew of 20% of the
by
Cases
Dx 3/Cansensus® Near-misst None
1%} %) {%)
Overall agreement 85 94 8
Expert pathologist .
A 89 97 3
8 87 96 4
o 85 93 7
D 82 93 7
€ 82 92 8
* Agreement with either diag 3 or the di

t Ag includi

tion).

(see text for b

g near-miss di
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Table 6. Pstient Characteristics by Histologic Type o

% Median % Stage % Marrow %Pl % Pt % 5 yr % 5eyr
Consensus Diagnosis Male Age Tor2 Positive on 45 OAS FFS
Follicutar, all grades 42 59 33 42 39 '8 72 40
Mantle cell 74 63 19 63 19 ., 18 27 n
Marginal zone B-cell, MALT 45 61 86 14 38 5 74 80
Marginal zone B-cell, nodal - 41 58 18 41 36, 9 57 29
Small tymphocytic (CLL} 53 85 6 73 17 o0 51 25
Lymphopliasmacytoid 53 63 20 73 20 .13 59 25
Ditfusae large B-celt 55 64 51 17 31 186 46 41
Primary mediastinal large B-cell 34 37 66 3 44 9 50 48
Burkitt’s 89 3 56 33 44 22 44 44
High-grade 8-cell, Burkitt-like 59 65 50 2 25 18 47 43
Precursor T-lymphobiastic 74 25 13 43 35 22 26 24
Peripheral T-cell, all types 56 61 18 37 14 27 25 18
Anaplastic large T/null-celt 69 33 50 12 50 19 17 58

Ab I Prog index; OAS, overall survival; FFS, failure-free survival; CLL, chronic lymphocytic leukemia.

astriking male preddminance, a high frequency of advanced-
stage disease with marrow involvement, and the lowest 5-
year survival of any type of lymphoma. Primary mediastinal
large B-cell lymphoma occurred more freguently in young
females and was often of low stage, but the survival was no
different from thut of other diffuse large B-cell lymphomas.
Anaplastic large T/null-cell lymphoma occurred mainly in
young patients and had a surprisingly high S-year survival
when compared to vther lymphomas with farge cell histology
or a T-cell phenotype. This was not due to inclusion of a
high proportion of patients with only skin involvement, a
group that represemted just 6% of these patients.

The average overall survival by histologic type allowed
for division of the NHLs into four broad groupings (Fig 1).
Those with a S-year overall survival of greater than 70%
mcluded  follicular  lymphoma,  marginal  zone  B-cell
lymphoma of MALT type, and anaplastic large T/null-cell
lymphoma. Lymphomas within a 50% to 70% S-year overall
survival included the small lymphocytic, lymphoplasmacy-
toid, and nodal marginal zone B-cell lymphomas. Lympho-
mas with a 30% to 49% S-yeur overall survival included
diffuse large B-cell lymphoma, primary mediastinal large B-
cell Jymphoma, und the high-grade B-cell Burkiut-like and
Burkitt lymphomas. Lymphomas with less than a 30% 5-
year overall survival included peripheral T-cell lymphoma,
precursor  T-lymphoblastic lymphoma, and mantle cell
lymphoma.

Whereas the histologic diagnosis of a specific type of
lymphoma provides clinically important information, equally
important prognostic information was obtained from the clin-
ical characteristics of the individual patients. We found con-
iderable vanation within any particular histologic type for
both overall survival and failure-free survival based on pa-
tient clinical characteristics using the International Prognos-
tic Index (Table 7). For example, patieats with foiliculr
lymphoma had signiticantly different oulcomes depending
on their clinical prognostic characteristices (Fig 2). Moreover,
patients with follicular lymphoma with a high (unfuvorable)
prognostic index had a far worse overall and failure-free
survival (ie, 17% and 6%) than patients with a diffuse large
B-cell lymphoma and a low (favorable) prognostic index

and 63%). In contrast, the histologic diagnosis of
large cell lymphoma was impurtant because it was
associated with a surprisingly. good survival, even with a
high prognostic index. In contrast, patients with mantle cell
lymphoma had a relatively poor outcome despite apparently
good clinical characteristics. The prognostic index also did
not predict survival in precursor T-lymphoblastic [ymphoma,
although the number of cases was small.

DISCUSSION

This study shows that, using the detinitions proposed in
the ILSG classification, it is possible to accurately identity
most of the major types of NHL. The major types recognized
by this classification are also clinically distinctive, with the
possible exception  of  high-grade  B-vell  Burkin-
lymphoma, which appears 10 be very similar ¢
diffuse large B-cell lymphoma (Tuble 6). This classification
was, in general, easily and accurately applied by the expert
hematopathologists. In fact, this study suggests that when
expert pathologists work from clear definitions, with the use
of immunologic markers, the diagnosis of NHL can be inade
more accurately than had been thought. Previous studies,
using morphology only, found that the diagnosis of specitic
types of NHL could only be made accurately 50% to 60%
of the time.**** In contrast, we have shown that, when expert
pathologists work from clear and agreed upon criteria, the
diagnosis of NHL can'be at least 85% accurate for most of
the common types. However, the methods used to reach a
consensus diagnosis in our study certainly had a positive
infl on these agr rates. Because treatiment de-
pends on the diagnosis, it must be made as accurately as
possible. We believe that the diagnosis of NHL. should al-
ways be made by a hematopathologist who is experienced
in lymphoma classification.

Imnumophenotyping added significantly to the accurwy
of diagnosis of many of the lymphomi types, including man-
tle cell lymphoma, diffuse large B-cell lymphoma, and the
T-cell lymphomas, However, immunophenotyping did not
add significantly to the accuracy of diagnosis of some
lymphomas, such as follicular bymphoma, small lymphocytic
lymphoma, and marginal zone B-cell lymphoma of MALT
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Table 7. Survivel by Histologic Type and the internationsl
Prognostic index

% 5-yr OAS % S-yr FFS
index index Index index

Consensus Diagnosis o o5 01 45
Follicular, all grades 84 17 55 6
Mantle ceit 57 0 27 0
Marginal zone B-cell, MALT 89 40 83 0
Marginal zone B-cell, nodal 76 50 30 0
Small lymphocytic (CLL) 76 38 35 13
Ditfuse large B-celt 73 22 63 1%
Primary mediastinal large B-ceil 77 0 69 [
High grade B-celi, Burkitt-like 7 1] 71 0
Precursor T-lymphobiastic 29 40 29 40
Peripheral T-cell, alt types 36 15 27 10
Anaplastic large T/null-cell 81 83 49 a3

Abbreviati Pt ional P

Index; OAS, overall sur-
vival; FFS, failure-free survival; CLL, chronic lymphocytic leukemia.

type. all of which have very distinctive histologic features
which usually facilitate the diagnosis without a need for

immunologic data. For other types, such as the lymphoplas-

macyloid, nodal marginal zone B-cell, and high-grade B-cell
Burkitt-like lymphomas, imprecise histologic criteria and the

lack of specific immunologic markers led 10 a diagnostic

accuracy of only 53% to 65%. Further detinition of these

entities is clearly needed. Because the need for immunophe-
:c:;.:.w cannot be predicied before biopsy, it is vital that
each patient have tissue available for immunophenotyping
and other special studies to facilitate proper patient care. In
many cases, this will require communication between the
oncologist, the surgeon, and the pathologist

The 13 major types of NHL shown in Fig | made up over

90% of the cases in our study, with diffuse large B-cell
lymphoma and follicular lymphoma comprising over S0%
of the cases and the newly recognized entities comprising
21% of the cases (Table 3). The clinical features of the
various lymphoma types were remarkably different, as were
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the survivals (Table 6). Using overall survival, the various
tymphonia types could be divided into four broad groups for
prognostic purposes (Fig |). The groups consist of the those
with a 5-year survival of greater than 70% (Fig 1A), those
with a 5-year survival between 50% and 70% (Fig 1B), those
with a 5-year survival of 30% to 49% (Fig 1C), and those
with a 5-year survival of less than 30% (Fig 1D). Although
such groupings may be useful for planning or interpreting
future clinical studies, important differences in the approach
10 treatment and the potential curability of the various
lymphoma types in these broad groups are well known. How-
ever, we believe that patient-specific information is also very
important for clinical decision making, with the histologic
diagnosis being only the first step in “*classification’” for
proper paticnt management. The prognostic factors used in
the [nternational Prognostic Index®™ provide important infor-
mation in most of the major types of NHL. Whereas the
pathologic entities are distinctive, the variation in outcome
within a particular entity by clinical prognostic characteris-
tics is great. *Good prognosis’ pathologic entities contain
patients with a poorer outcome than the better patients in
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the *“*poor prognosis’ entities. Therefore, to make proper
clinical decisions, it is necessary to consider both the histo-
logic type and the varous prognostic factors present in an
individual patient. Any useful clinical grouping of the NHLs
must take both types of information into account.

Although the ILSG classification could be accurately ap-
plied and appears to be useful clinically. there are o number
of areas that could be improved. Changes in organization
and terminology have been suggested by others.™ ™ In addi-
tion, more specific criteria for some of the lymphoma types
are clearly needed, such as the lymphoplasmucytoid. nodai
marginal zone B-cell; and high-grade B-cell Burkin-like
lymphomas. The cellular origin of so-called splenic “*mur-
ginal zone™ lymphoma, along with diagnostic criteria, also
need to be elucidated.*’ Subtyping of the diffuse large B-
cell lymphomas into i blastic and ne
types may be useful, and the clinical and pathologic features
of anaplastic large B-cell lymphoma need 10 be more care-
fully studied before combining it into the generic cutegory
of diffuse large B-cell lymphomi. Precise critenia tor grading
within the various lymphoma types are clearly needed. such
as for the tollicular lymphomas, mantie cell lymphomas, and
marginal zone B-cell lymphomas of MALT type. Finally,
the number of categories of peripheral T-cell lymphoma, for
which the diagnostic 'criteria are imprecise and difficult to
apply, seems excessive when:there is little evidence to sup-
port subdividing for clinical purposes. Hopefully, these is-
sues will be addressed by the working groups of the new
World Health Organization clussitication project.

In conclusion, the ILSG classification was readily applied
and identitied clinically distinctive types of NHL. lmmuno-
phenotyping added significantly to the accuracy of diagnosis
in cerain major lymphoma types and was clinically im-
portant. For clinical application, however, prognostic factors
as defined by the International Prognostic Index”’ must be
combined with the histologic classitication for appropriate
clinical decisions.

blastic
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APPENDIX

Study Participants: The pathologists and clinicians at each
institution were, respectively, Wing C. Chan and James O.
Armitage (Omaha, NE), Randy' Gascoyne and Joseph Con-
nors (Vancouver, Canada), Pauline Close and Peter Jacobs
(Capetown, South Africa), Andrew Norton und T. Andrew
Lister (London, UK), Ennio Pedrinis and Franco Cavalli
(Locamo, Switzerland), Francoise Berger and Bertrand Coif-
fier (Lyon, France), Faith Ho and Raymond Liang (Honp
Kong), German OwAlfred Schauer and Wolfgang Hidde-
mann (Wiirzburg/Gottingen-Germany). The five visiting ex-
pert  hematopathologists  were  Jucques  Diebold  (Paris,
France), Kenneth A. MacLennan (Leeds, UK). H. Konrad
Miiller-Hermelink (Wirzburg, Germany), Bharat N. Nath-
wani (Los Angeles, CA), and Demnis D. Weisenburger
(Omaha, NE). Nancy L. Harris (Boston, MA) participated
as a consultant regarding application of the International
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Lymphoma Study Group classification, James R. Anderson
(Omaha, NE) and Pascal Roy (Lyon, France) provided statis-
tical expertise regarding the study design and data analysis.
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RAPID COMMUNICATION

Primitive Human Hematopoietic Cells Are m.:..mo_::_ in Cord Blood
Compared With Aduit Bone Marrow or Mobilized Peripheral Blood as
Measured by the Quantitative In Vivo SCID-Repopulating Cell Assay

By Jean C.Y. Wang, Monica Doedens, and John E. Dick

We have previously reported the development of in vivo
functional assays for primitive human hematopoietic cells
based on their -c._=< 1o repopulate the bone marrow (BM}
of severe bi deficient (SCID) and b

9.3 x 10° cells. This was significantly higher than the fre-
quency of 1 SRC in 3.0 x 10 adult BM cells or 1in 6.0 x 10°
maobilized to:v-.!-. blood (PB) celis from normal donors.
Mice d with limiti b of SRC were en-

diabetic/SCID (NOD/SCID) mice following intravenous trans-
plantation. Accumulated data from gene marking and cell
_u..:ao.._o: experiments indicate that the engrafting oo__u
defined as SCID-repopulating cells or SRC} are biologi

grafted i-ﬂ_.. both lymphdid -sn multilineage myeloid hu-
man cells. This functional -oo-< is currently the only avail-
-_u_. hod for * lysis of b

distinct from and more v=3=.<o than 33» celis that n-:

istic cells with repop: ity. Both CB and
mobilized PB are increasingly being used as alternative

be assayed in vitro. Here we d h limiti
dilution analysis that the NOD/SCID xoao.-!_uv_-:. model
provides a quantitative assay for SRC. Using this assay, the
frequency of SRC in cord blood (CB) was found to be 1 in
i
QUANTITATIVE ASSAY for human stem cells is es-
sential for the study of the biologic properties of these
cells. Such an assay would also allow a more rational ap-
proach 1o the development of clinical treatments involving
transplantation, ex vivo stem cell expansion, and gene ther-
apy. To date, quantitative analysis of primitive hematopoietic
cells has been limited (o in vitro studies using colony assays
or long-term cultures (LTC). However, colony assays detect
only committed and multipotent progenitors (colony-form-
ing cells, CFC). LTC assays detect more primitive cells
(LTC-initiating cells, LTC-IC) capable of giving rise to CFC
after at least 5 weeks of culture on competent feeder layers."?
However, LTC-IC are functionaily heterogeneous: character-
istics associated with very immature cells such as quiescence
and the capacity to generate progenitors in extended culture
are found in only a small subpopulation of LTC-IC." In
addition, the relationship between LTC-1C and in vivo repop-
ulating human stem cells is not clear.

We have previously reported the development of an in
vivo functional assay for primitive human hematopoietic
cells based on their ability to repopulate the bone marrow
(BM) of severe combined immunodeficient (SCID) and non-
obese diabetic/SCID (NOD/SCID) mice after intravenous
injection.”* Transplantation of human BM or umbilical cord
blood (CB) results in the engraftment of primitive cells that
proliferate and differentiate to multiple lineages in the mu-
rine BM.** We have operationally defined the engratting
human cell as a SCID-repopulating cel! (SRC). Kinetic ex-
periments showed that onty 0.1% of injected CFC and LTC-
IC are detectable in the murine BM 2 days posttransplant,
and that there is a large expansion of these cells as well as
of primitive CD34* and CD34"Thy-1" cells over the next
4 weeks, implying their production from a more primitive
cell.” Recent experiments using retroviral gene transfer
showed that while CFC and LTC-IC are easily transduced,
these gene-marked ceils do not contribute significantly 0
the repopulation of engrafted mice; a corollary to this finding
is that the efficiency of gene transfer into SRC is low."
Finally, cell purification experiments showed that SRC are
exclusively CD34°CD38°,** in contrast to CFC and LTC-
IC, which are also found in the CD34'CD38" fraction. To-
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of h ietic stem cells in aliogeneic trans-
ion. Thus, the findings reported here will have im-
portant clinical as well as biologic _Bv__n!.o:n.
© 1997 by The A ican Society of k gy.

gether, these data indicate that SRC are biologically distinct
from and more primitive than most CFC and LTC-IC.

In this report we show that the NOD/SCID xenotransplant
model, or SRC assay, provides a quantitative in vivo assay
for primitive human hematopoietic cells. We have used this
assay 1o measure and compare the frequency of SRC in
human CB, normal adult BM, and mobilized peripheral
blood (PB) from normal donors. Our results show that CB
is enriched for these primitive hematopoietic cells compared
with BM or mobitized PB,an observation that has important
implications for clinical transplantation and stem cell expan-
sion strategies.

MATERIALS AND METHODS

Donor sumples.  CB sampies were oblained from umbilicat and
placental tissues scheduled for discard. BM and granulocyte colony-
stimulating factor (G-CSF)-mobilized PB samples from normal
aduit donors were ch:_oa as leftover cells from harvests for alloge-
neic g lop fures approved by the Human
mxvn::.ni..::: Committee at the Princess Margaret Hospital, To-
ronto, Ontario, Canada. CB and BM samples were diluted 1:2 or
1:3in lscove’s modified Dulbecco’s medium (IMDM; GIBCO-BRL.,
Burlington, Ontario, Canada) containing 10% fetal calf serum (FCS;
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