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SUMMARY

The concordance rate for the French-American-
British (FAB) reclassification diagnoses of
atomic bomb-related cases of leukemia in
Nagasaki was determined by a group of RERF
hematologists and one of the members of the
FAB cooperative group. The peripheral blood
and/or bone marrow smears from 193 persons
with leukemia or related disorder were reviewed.
There was 85% agreement in the identification
of leukemia types and subtypes. There was
almost complete agreement for the diagnosis
of non-FAB disorders (chronic myeloid leukemia
and others) resulting in overall concordance of
88.2%. The conclusion from this remarkably
high rate of concordance is that it is feasible to
accurately apply the FAB classification system
to the cases of A-bomb-related leukemia. These
preliminary observations suggest that the
previously established leukemia types for about
a quarter of the cases of acute leukemia and
related disorders should be changed.

Approved K32 12 May 1987

E o

B o g E O MR EER O FAB oI & 5210
—H#IIHWT, HEHOMEESS L FAB 54
A S R A I,
EhREEA L BT RS A OBEIFRET
B0 & O AR R O19BF T H . B I
& % @ subtype & & UIREIOBUF— BEIX85%
T&Y, FAB A MR L L & vini (B HEa it
FILE, 7 OM) cowTIHTIEEFEINE -3 L =,
ERORELHE DO —BFELB.2%THE. 20
—FEIptaEubL 0L Bhh, BB EG 3 R
EAMBOFHEIC FAB Py 27 42@AL T
FHMZLEIALELZLNS. SRIOMEH, L &N
[ & MEERO K A 2RIV TIHZITO
MABD L CBHEEOLENFS 2 Lhbholk.

BiEE0 e L OMTHRIL .

Printed ENRI September 1987



RERF TR 4-87

INTRODUCTION

The purpose of this study was to determine the
feasibility of reclassifying the A-bomb-related
leukemias of Hiroshima and Nagasaki in accor-
dance with the most modern classification
criteria. A question arose as to whether the
Wright or May-Grunwald Giemsa-stained leukemia
slides, without the benefit of special stains, were
adequate for the reliable identification of adult
T-cell leukemia (ATL) cells and the cell types
described in the FAB classification system.' ™

In order to achieve the objective, the accuracy
of reclassification was determined by means
of comparing the diagnoses made by one (JMB)
of the members of the FAB cooperative group
with those made by the RERF hematologists.
All participants of the study were experienced
hematologists.

In previous reports,™® all leukemias in A-bomb
survivors are defined in accordance with the
classical nomenclature which has prevailed
throughout the world during the past 50 or more
years. Morphological appearance of the blood
and bone marrow, histochemical responses,
peripheral blood findings, and the clinical
presentation have been the modalities most
frequently employed in determining a particular
type of leukemia. At the inception of the
leukemia study of A-bomb survivors, rather rigid
criteria were established to assure diagnostic
consistency and continuity.7 Over the years,
hematologists have had few problems with the
diagnosis of chronic myeloid leukemia, but
uncertainties frequently have been expressed
concerning classification of the preleukemia
disorders and certain acute leukemias.

Development of the FAB classification of the
acute leukemias and related disorders during
the past 10 years represents a major advance in
leukemia classification.! ™% The system is
clearly defined on the basis of morphological,
ultrastructural, cytochemical, surface marker,
and chromosomal changes. The various types of
leukemia relate well to the clinical presentation,
prognosis, and response totherapy. Furthermore,
the system provides reasonable criteria for
identification of  various myelodysplastic
syndromes (MDS)®  which previously were
considered as poorly defined preleukemic
disorders. Another important recent advance
in the leukemia field has been the identification
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of ATL which is endemic in the Nagasaki area.’
Therefore, it seemed important to reclassify
leukemias which have occurred in the A-bomb
survivors of Hiroshima and Nagasaki according
to the most recent classification. Furthermore,
it seemed quite likely that reclassification, based
on the FAB system, might provide new insight
regarding the pathogenesis of radiation-induced
leukemia.

MATERIALS AND METHODS

The materials for review consisted of any, or all,
of the peripheral blood smears, bone marrow
aspiration smears, and pathology sections
preserved at RERF for persons with leukemia
who were exposed within 8,990m of the
hypocenter in Nagasaki. Of the 344 cases
registered at RERF, 193 (56.1%) had histological
material available for study. These slides were
reclassified by experienced RERF hematologists
and by a member of the FAB cooperative group,
according to the FAB classification. The clinical
records and other information were reviewed
only it diagnostic agreement was not reached on
the basis of the morphological findings. Classifi-
cations of the chronic leukemia and ATL were
based on established morphological criterion.®1?
After comparing the diagnoses between the two
parties, the concordance rate for each type of
lenukemia was determined. In disagreements,
the final diagnosis was established by discussing
the morphological features during their double-
headed microscopic examination, and by
reviewing the clinical records.

RESULTS

Diagnostic review was completed for 180 of the
193 cases. The slides of 13 cases were in such a
poor state of preservation that a final diagnosis
could not be reached even after reviewing clinical

records. Final diagnosis was not agreed upon
for two cases. The concordance rate for all
diagnoses, excluding the t(wo with basic

disagreement, is shown in Table 1. There was
agreement in 102 (85.0%) of 120 diagnoses of
acute leukemias and MDS that are classifiable
under the FAB classification. Agreement was
reached in 93 (86.9%) of 107 cases for which
the FAB subtype also could be determined in the
final diagnosis. Diagnoses of non-FAB leukemias
which include chronic myeloid leukemia (CML),
chronic lymphocytic leukemia (CLL), hypoplastic
lenkemia, and ATL agreed in 55 (94.8%) of
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58 cases. The concordance rate for all leukemia
cases was 88.2%.

EREFIHT 5 BHIEBB.2%TH - 1.

TABLE 1 CONCORDANCE OF DIAGNOSES BETWEEN RERF
HEMATOLOGISTS AND A MEMBER OF FAB COOPERATIVE GROUP

£l MEFMFEIEEE FAB #HIBBEEOD LN L0
WO —FE
Cases Cases of Concordance

Category Reviewed Concordance (%)

FAB 120 102 85.0
FAB subtype

classifiable e = 2

Non-FAB 58 55 94.8

Total 178 157 88.2

Agreement between the diagnoses of leukemia
established previously and the FAB reclassified
diagnoses by type of leukemia is shown in
Table 2. About half of the 14 cases of acute
lymphocytic leukemia (ALL) previously diag-
nosed were reclassified into another type. This
included four cases of which the diagnoses were
changed to acute myeloid leukemia (AML).
On the other hand, about the same number were
reclassified from acute granulocytic leukemia
(AGL) to ALL. The net result of these changes
is a slight increase in identification of cases of
ALL. AML was decreased by more than 10%
due to the new categorization for eight cases
of MDS and six cases of hypoplastic leukemia
which previously had been diagnosed as AGL.
There was little change in the diagnosis of CML.
Reclassification of ATL included most of the
cases of leukosarcoma, more than half of the
CLL cases, two cases of ALL, and one acute
monocytic leukemia (AMoL).

The distribution of the reclassified leukemias
by high dose (> 100 rad) and low dose (0-99 rad)
groups are shown in Tables 3a-c. These data are
not suitable for statistical analysis because of
the small number in each group, but it should
be noted that the frequency of MDS is high and
that of ATL is low in the high dose group
(Table 3a). All FAB subtypes, except Mg,
were present in the AML low dose group, and
all subtypes except M3 and Me were present in
the high dose AML group (Table 3b). There
appeared to be no remarkable differences in
FAB subtypes of ALL between the high and low
dose groups (Table 3¢).
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AR (0 —99rad ) 23 TR LD A #E3a-¢ T
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TABLE 2 CONCORDANCE OF PREVIOUS DIAGNOSIS TO RECLASSIFICATION
#2 HEOAMBMIINT LA OBEO B

Previ Reclassification
revious Total

GHEESSS P b Ly Wy M M; Mg Ms Mg M; AML AL MDS HypoL CML ATL CLL Leuw L NoDx

ALL 4 3 0 2 0 0 0 1 0 0 0 0o 0 0 0 2 1 0 1 14
ASL 0 3 0 o o0 0 1 0 0 0 10 0 0 0 0 0 0 5
AGL 1T s 1 [17 22 10 4 1 2 1 s o 8 6 0 0 0 1 8 92
AMMoL 0 0 0 o 1 1 5 0 0 0 0 11 0 0 0 0 o0 0 9
AMOL 0 0 0 0 1 2 0 4 0 0 1 0o 1 0 0 1 0 0 0 10
EL 0 0 o0 0 0o 0 1 0 3 0 0 0 1 0 o 0o o0 0 0 5
cML 0 0 0O 0 ©0 0 0 0 0 0 1 0o 1 o [18] o o o 121
Lek. 5 0 0 0 i 0o 0 0 0 1 0 0 0 0 0 0 @ o 0 2 25
CLL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 [2] 0 1 9
Total 5 11 1 20 24 13 10 7 6 1 7 7 12 6 18 30 3 1 13 190

ALL: Acute lymphoid leukemia, ASL: Acute stem cell leukemia, AGL: Acute granulocytic leukemia, AMMoL: Acute myelomonocytic leukemia,
AMoL: Acute monocytic leukemia, EL: Erythroleukemia, CML: Chronic myeloid leukemia, Leuk. S: Leukosarcoma, CLL: Chronic lymphocytic
leukemia, AML: Acute myeloid leukemia, AL: Acute leukemia, MDS: Myelodysplastic syndrome, Hypo L: Hypoplastic lenkemia, ATL: Adult
T-cell leukemia, Leu. L: Leukemic lymphoma, No Dx: No diagnosis.

ALL: 26 » #SPErImss, ASL: Qe aniarim#5, AGL: 2vEBOR ek 1E M Mm#m, AMMoL: QFE4BEMLERMI M4, AMoL: QAPEHLERI1MMS, EL: #0110,
CML: t9M:H8iFErTm#, Leuk.S: (1M, CLL: t4#EY > /SsRMEMMAH, AML: 2FEIMPEr fas, AL: BYEQ v, MDS: 1B n WA B, Hypo L:
Wk A B Erimes, ATL: WA THIUMErIM#, Leu. L: stk » /I, No DX: BHi% L.

Figures in the square indicate cases of concordance of previous diagnosis to reclassification ignoring the subtypes.
UH & ¥ 1% subtype % FR < W5 MBI 12 k4 5 LI o 38 07 o - B0fH & R .

L8P WL J¥TH
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TABLE 3a RECLASSIFIED LEUKEMIA GROUPS AND T65D
#3a HIMFERFE & T65D

T65D

in rad AML ALL MDS CML ATL CLL HypoL Other NoDx Total
0-99 81 12 7 13 28 3 5 9 160
>100 10 4 4 5 1 0 0 1 4 29
Total 91 16 11 18 29 3 3 3 13 189
See Table 2 for abbreviations.  B4iEz > T %2 & &8
TABLE 3b FAB SUBTYPE (AML) AND T65D
#:3b FAB subtype (@M & HMiMEAMH) & T65D
T65D
) M, M2 M3 My Ms Mg M7 Total
0-99 19 19 13 9 6 0 12
>100 1 5 0 1 1 0 1 9
Total 20 24 13 10 7 6 1 81
TABLE 3¢ FAB SUBTYPE (ALL) AND T65D
#:3¢ FAB subtype (217 » Y@ IMF) & TE5D
T65D
in rad La L2 L3 Taal
0-99 3 8 1 12
>100 2 2 0 4
Total 5 10 1 16
DISCUSSION =

The optimum techniques for diagnosis and
classification of acute leukemias include not
only morphology but also cytochemistry
(peroxidase, esterase, and platelet peroxidase)
and both ultrastructural and surface marker
identification (TdT, CALLA). Many hospitals
now resort to the FAB classification system,
since it is based primarily on morphology and
cytochemistry (peroxidase and esterase), and
neither ultrastructural nor surface marker
techniques are available. The concordance rate
for the diagnosis of acute leukemia among
academic hematologists using the FAB system
has been reported to be in the range of 80%-
90%.1! It also has been reported that the

BHEALFOBIK L A HIRETREEFOAL S
T, WA FLF—¥, LAFIF—F, MR
Xy —HaroMiaiE R o 58 MR
FE, T2 TdT, CALLA 2 ¥ D Eifi~—# — 12
ETOTITbhaOFLEEL W, LALEIS, —#%
FREIZH W TRE FHMER U EE ~— & — 13
TEHZWVWIEAETVAY, FAB I FI1okE .
LA F LS -ERUPT AT IOt F ik
TEHBELE-TVE, ZOSEREICL S MR E
SOAMAMBIZ OV T ORK—FEI1Z80%~90%
Ewbha. " —F, BEOAZEI B TR
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concordance rate without cytochemistry is
about 70%. Addition of cytochemistry improves
the rate up to 90%, and almost complete if
immunophenotyping is employed.'? Unfor-
tunately, when most of the radiation-induced
leukemia cases occurred in Nagasaki, many
of the more sophisticated techniques were
unavailable so that most of the diagnoses were
established on the basis of morphology and
limited cytochemistry ( peroxidase). Confirmation
of leukemia type and evaluation of the accuracy
of diagnosis now can be determined only by
means of comparing diagnoses made indepen-
dently by skilled hematologists. In fact, the
concordance rate for the diagnoses of various
types of leukemia by the RERF hematologists
and JMB was as high as those obtained using
good cytochemistry in addition to morphol{)gy.12
These observations provide strong support for
the validity of reclassification of the radiation-
related acute leukemias using the FAB classifi-
cation, even under the limited circumstances
which have been noted above. These results
also provide an impetus for proceeding with
the FAB reclassification of leukemia cases in
Hiroshima.

Previous diagnoses under major leukemia
categories were changed in 25.4 % in the current
review, even excluding those changed from
leukosarcomas to ATL. The changes in diagnosis
between ALL and AML were mainly due to the
difference in the morphological criteria between
the FAB classification and those diagnosed
previously. Establishment of the diagnostic
criteria for ATL is most important, since it
comprises 16% of the leukemias reviewed in
Nagasaki. ATL may have to be excluded from
the category of radiation-induced leukemia
since its annual incidence among A-bomb
survivors is constant and the overall incidence
does not appear to be related to radiation dose
(unpublished data). Furthermore, it has now
become apparent that most cases of CLL,
atypical ALL, and leukosarcoma that have been
reported previously in Nagasaki correspond to
ATL. This indicates that reclassification is
essential for accurate leukemia comparison
between Hiroshima and Nagasaki, as well as for
characterization of radiation-induced leukemia.
It should be noted, however, that the previously
reported high frequency of radiation-induced
CML in Hiroshima would be changed little
through reclassification, as judged by the
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experience in Nagasaki. The striking difference
in the incidence of CML between the two cities
may continue to be a problem in relation to the
biologic response to radiation exposure.

Few problems were encountered in the appli-
cation of the FAB classification system to the
leukemia material in Nagasaki. All cases were
classified by the FAB system and all subtypes
were represented with the exception of Mj
and Mg AML which were not observed in the
high dose group. However, this observation is
considered important since about half of
secondary leukemias following chemotherapy
have been reported to be unclassifiable by the
FAB classification system.!>  This difference
suggests that leukemogenesis of A-bomb-induced
leukemia is different from the secondary type of
leukemia which occurs following the prolonged
administration of anticancer drugs.

Each leukemia subtype in the FAB classification
is closely associated with a specific chromosome
aberration."®  Furthermore, there is increasing
evidence for a close relationship between these
chromosome aberrations and certain oncogene
chromosomes. It is quite possible that FAB
reclassification of all A-bomb-related leukemia
and the reassessment of the A-bomb dosimetry'®
will provide new information concerning radi-
ation leukemogenesis at the oncogene level.

THA Y. ZOMATHOSIE SR M o 7 4 85
D5 Ap A R B AR O M s i R o A
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APPENDIX LIST OF RECLASSIFICATION OF LEUKEMIA CASES, NAGASAKI
& EVMASEER 0 T 5 8, R

MF#  PreviousDx RERF Dx JMB Dx Final Dx MF# Previous Dx RERF Dx JMB Dx Final Dx
AGL M, M, May CLL CLL CLL CLL
AGL Ly Ly L2 Leuk. S ATL ATL ATL
AGL Ly Ly La CML CML CML CML
AGL NoDx NoDx NoDx ALL M; M1 M
AGL Moy * RAEB RAEB Leuk. S ATL ATL ATL
AGL My AML AML AGL M3 M3 M3
AGL M> Ms* Mo AGL Ly L2 L,
Leuk. S ATL ATL ATL AGL M» M2 M2
AGL AML AML AML Leuk. S ATL ATL ATL
Leuk. S ATL ATL ATL CML CML CML CML
AGL M, M2 M2 AGL M3 M3 M3
AGL M~y M7 M7 CLL NoDx NoDx NoDx
AGL M3 M3 M3 AMMoL Mg Mg Mg
AGL No Dx NoDx NoDx AGL M3 M3 M3
AGL No Dx No Dx  No Dx EL Me Me Mg
AGL No Dx NoDx NoDx AGL NoDx NoDx NoDx
CML CML CML CML CML CML CML CML
Leuk. S NoDx NoDx NoDx CML CML CML CML
AGL M, M2 M2 AGL M3 M3 M3
AGL My M1 Mj AGL Mq M1 Mi
AGL La L I AMML M, M2 Ma
Leuk. S ATL ATL ATL AMoL Ms Mg Mg
AGL AML*  MDS MDS AGL HypoL HypoL HypoL
AGL M1 Lo* M1 AGL M1 M1 My
AGL NoDx NoDx No Dx AMoL M3 M3 M3
Leuk. S ATL ATL ATL AGL Mg AML AML
CML CML CML CML CML CML CML CML
AGL Mg M4 Mg Leuk. S Mg Mg Mg
AMMoL No Dx* AL AL Leuk. S My Mj M
AGL M3 M3 M3 AGL Mg * My My
ALL La* Ly Ly AGL M M M
AGL M2 M2 Mo AGL HypoL HypoL HypolL
ELL ATL ATL ATL CML CML CML CML
AGL M2 M2 M2 AGL NoDx NoDx NoDx
AGL Mo Mg* M2 ALL Ly L1 L
Leuk. § ATL ATL ATL CML CML RAEB* CML
Leuk. S ATL ATL ATL AGL M, M2 M2
AGL M3 M3 M3 CLL CLL CLL CLL
ALL Lo Mj* Ly AGL M, M2 M»
Leuk. S ATL ATL ATL AGL M, M2 M2
ASL AL AL AL AGL Hypo L HypoL HypolL
AGL My M M AGL RAEB RAEB RAEB
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APPENDIX (Continued fi % )

MF#  PreviousDx RERF Dx JMB Dx Final Dx MF# PreviousDx RERF Dx JMB Dx Final Dx
Leuk. S No Dx NoDx NoDx AGL RAEB-T RAEB-T RAEB-T
CML CML CML CML CML CML CML CML
AMMoL Mgy Mg M, AMoL My Mg Mg
CML CML CML CML Leuk. S ATL ATL ATL
AGL RAEB RAEB RAEB AGL M, M, Mo
AMMoL Mg Mg Mg AGL M, M M,
Leuk. S ATL ATL ATL AMML Mg Mg My
CML CMMoL CMMoL CMMoL CML CML CML CML
AGL Ly* M, M, AL No Dx* AL AL
ASL L, L, L, AMoL AL* ATL ATL
AGL AML AML AML AGL Mg Ms M5
CML CML CML CML AGL CMMoL* M, My
CLL ATL ATL ATL AMoL AML AML AML
CML No Dx* AML AML ALL No Dx NoDx NoDx
Leuk. S ATL ATL ATL CLL ATL ATL ATL
CML No Dx No Dx  No Dx ALL L, Ly L,
AGL No Dx No Dx NoDx AGL Hypo L Hypo L Hypo L
AGL Hypo L* L, Ly AMoL Mg Mg Mg
AGL My M, M, AGL M, M, M,
AGL M, M, M, AGL M, M, M,
CLL ATL ATL ATL ALL ATL ATL ATL
ASL L, L, L, EL RAEB RAEB RAEB
ALL ATL* CLL CLL AGL M, M, M,
AGL M, M, M, AGL My Ms My/Mg
EL Mg Mg Mg AGL My Mg Mg
AGL My M, M, AGL Mg Mg Mg
CML CML CML CML AGL M, M, M,
AMoL M5 M3 Ms AGL Leuk L Leuk L Leuk L
ASL Mg Ms Ms AGL My * RAEB-T RAEB-T
CLL ATL ATL ATL AGL M, M, M>
AGL Ly Ly L AGL My M My
Leuk. S ATL ATL ATL AMoL Mg Ms Ms
ALL ATL* Ly Ly Leuk. S ATL ATL ATL
AMMoL My CMMoL CMMoL/M4 ALL Ly L, L
ALL ATL ATL ATL EL Mg Mg Mg
Leuk. § ATL ATL ATL AGL RAEB RAEB RAEB
AGL RAEB* Mg Mg AGL M, My M,
ALL Mg Ms Mg AGL Ms M3 Ms
ASL L, L, L, AGL Mg Mg Mg
AGL M, M * M, Leuk. S  ATL ATL ATL
Leuk. S ATL ATL ATL AGL M, M, M,
CML CML CML CML AGL M, M, M,
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MF#  Previous Dx RERF Dx JMB Dx Final Dx MF# PreviousDx RERF Dx JMB Dx Final Dx
Leuk. S ATL ATL ATL AMoL RAEB RAEB RAEB
EL My Mg Mg Leuk. S ATL ATL ATL
AGL My M4 Mg AGL Hypo L HypoL HypolL
AMMoL Mj M3 M3 AGL M» M, M,
AGL M, M M, AGL L, Ly Ly
AGL Moy M, M, AGL M; My My
CML CML CML CML AGL Mj; M3 Mj
ALL M, My My AMoL M5 M, M,
AGL CML* M, M- CLL ATL ATL ATL
AGL Mjy M, M3 CML CML CML CML
AGL RAEB-T RAEB-T RAEB-T ALL L, L Ly
AMMoL RA RA RA Leuk. S ATL ATL ATL
AGL Hypo L Hypo L Hypo L

Dx: Diagnosis, AGL: Acute granulocytic leukemia, ALL: Acute lymphocytic leukemia, ASL: Acute stem cell
leukemia, AMMoL: Acute myelomonocytic leukemia, AMoL: Acute monocytic leukemia, EL: erythroleukemia,
CML: Chronic myeloid leukemia, Leuk. S: Leukosarcoma, CLL: Chronic lymphocytic leukemia, AL: Acute
leukemia, Hypo L: Hypoplastic leukemia, ATL: Adult T-cell leukemia, Leuk L: Leukemic lymphoma, RA: Re-
fractory anemia, RAEB: Refractory anemia with excess of blasts, RAEB-T: Refractory anemia with excess
of blasts in transformation, CMMoL: Chronic myelomonocytic luekemia, MDS: Myelodysplastic syndrome,
*: Major disagreement case.
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