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MONTH OF ESTIMATED ONSET OF LEUKEMIA
IN HIROSHIMA AND NAGASAKI ATOMIC BOMB SURVIVORS

LEBEIUVRBCHIIRBHBEFEOANBANRECDNT

Lee! recently has shown a variation in month of
onset of leukemia in persons under 20 years reported
to the National Cancer Registration Scheme of
England and Wales. The leukemia detection program
of the Atomic Bomb Casualty Commission (ABCC)
in Hiroshima and Nagasaki provides material for
comparing the time of onset of leukemia in persons
known to have received varying amounts of atomic
bomb irradiation with that in persons who were
not irradiated in this way.

MATERIALS AND METHODS

ABCC conducts systematic screening to identify
all possible cases of leukemia occurring among
those bomb survivors whose official place of
residence is in the cities of Hiroshima or Nagasaki
and among all others actually resident in these
cities at onset of or death from leukemia. Newspa—
pers, death certificates, local tumor registries, and
ABCC pathology and clinical records are periodically
checked for individuals with any symptom, sign,
or diagnosis suggestive of a hematologic disorder
requiring further evaluation. Personal contacts of
ABCC staff hematologists with the local medical
communities is the most productive single source
of new cases. Nearly 4000 potential cases have been
identified by these routine procedures since their
inauguration in 1960.

All such cases are intensively studied to establish
the best possible hematologic diagnosis and, if
leukemia, cell type and chronicity. Certainty of
diagnosis is ranked in 4 steps from definite to
uncertain. The present report is limited to the 1057
patients whose final ABCC diagnosis was leukemia,
lymphoma, or a related hematologic disorder such
as myelofibrosis or aplastic anemia and whose
disease was estimated to have begun in the interval
1946-61. The distribution of these cases by city of
screening, diagnosis, and certainty of diagnosis is

given in Table 1.
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TABLE 1 SCREENED CASES OF LEUKEMIA AND RELATED DISEASES WITH
KNOWN YEAR OF ONSET 1946-61 BY FINAL DIAGNOSIS,
CERTAINTY OF DIAGNOSIS, AND CITY
& 1 FEREIME~6IETH LIS 2 OEREEOTEFE ¢
IBcA%REMT « BWTHESZEE « #FThR

Hiroshima Nagasaki
) ) 55 z I8
Diagnosis Definite or Possible or Definite or Possible or Total
2z MW probable uncertain prabable uncertain G
WESK & Ao AHEH F 7 WESE F /o AHEH % 7=
iE T HE VERIREANE EX R HEREANE
Leukemia
B R 349 42 221 26 638
Lymphoma
T 112 3 125 30 301
Related
K 37 3 68 10 118
T 498 79 414 66 1057

The date of onset of disease has been estimated
as accurately as possible for each case. During
1958-59, all cases then accumulated were reviex'vgd
by two of the authors (T. H. in Hiroshima and
T. I. in Nagasaki) for just this purpose. All cases
diagnosed since that time have been seen or their
charts reviewed by the same two hematologists.

In acute and subacute leukemia onzet usually was
abrupt and could be dated with little difficulty.
Occurrence of hemorrhage in the oral mucesa, gums,
nose, skin, eyes or gastrointestinal tract frequently
was the first symptom. For some cases it was
spike fever, pallor of skin due to anemia, lympha-
denopathy, pain in the bones of extremities or
trunk, or formation of masses in the skin or viscera.
These marked symptoms often were preceded by
mild systemic symptoms due to anemia or altered
vital activity (i. e., general weakness, shortness of
breath on exertion, palpitation of the heart, loss of
stamina, anorexia, and sleeplessness) which often
were recalled only on direct questioning. Care was
taken to learn of these, and when present, onset was

dated from their first occurrence.

The onset of chronic leukemia usually was
insidious. However, with a detailed history it could
be dated with reasonable accuracy. Many cases had
systemic symptoms such as generalized weakness,
malaise, dyspnea, palpitation of the heart, anorexia

or skin pallor as the first evidence of disease. In a
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few the first evidence was a tumor in the left
upper abdominal quadrant, and in others leukemia
was discovered accidentally prior to the occurrence
of symptoms. In rare instances there were no
symptoms until the terminal blastic crisis. For these

latter cases, only the year of onset was estimated.

RESULTS

Figure 1 shows the distribution by month of
onset separately for all leukemia cases and for all
other cases with estimated onset during 1946-61.
FPoints are plotted from the ratio of observed to
expected frequencies obtained by distributing the
number of cases for whom month of onset was

estimated in the

proportion  to the

months. For leukemia, expectation is approximately

days in

51 cases /month,
32 cases /month.

and for all others it is about

These distributions show suggestive trends, but
only the point for leukemia in October deviates
sufficiently from expectation to exceed its .95 or .99
confidence limits. By y2 tests, the 2 groups were
found to differ from each other by no more than
chance would allow. The lymphoma and other
diseases do not vary significantly about the monthly

expectation, but leukemia cases do (P<(.05).

Table 2 gives the monthly distribution by city of
screening and sex of all leukemias. When contrasted
without regard to sex, the 2 cities are not sig-
nificantly different. The Hiroshima distribution does
not deviate significantly from proportionate monthly
expectations, but the Nagasaki distribution does
(P<.05). When monthly expectation is computed
as 1/12 the number for whom month of onset was
estimated, the distribution in Nagasaaki is not
statistically significant. Each curve exceeds its .95
confidence limit in 1 month: October in Nagasaki

and November in Hiroshima.

Sexes, when compared without respect to city,
are not significantly different, and males do not
differ significantly from proportionate monthly
expectations. The observed monthly distribution of
females is significantly different from proportionate

expectations (P<(.05), but not from average ex—
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FIGURE 1 RATIO OF OBSERVED TO EXPECTED LEUKEMIA CASES AND OTHER
RELATED HEMATOLOGIC DISEASES BY MONTH OF ESTIMATED
ONSET OF DISEASE 1946-61, HIROSHIMA + NAGASAKI
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pectations. Both sexes show an extreme (P<.05)
deficit of cases with onset in October. Females show
striking excesses in April, May, and June, but these
do not exceed .95 confidence limits. When examined
separately within cities, distributions by sex are
quite variable because of small numbers. However,
females in Nagasaki deviate significantly from
proportionate expectations (P<Z.01). An October
deficit makes a large contribution to this total x2
value, but a test excluding this month also would
be significant (P<C.05). The other within city
distributions by sex all show deficits in October
but none are particularly striking, nor is it
particularly remarkable that only in this month

are all 4 groups less than expectation.

Of the 610 leukemias, 459 were diagnosed as
acute, 146 as chronic, and 5 were unknown or
undetermined. No difference was found between the
known acute and chronic cases, and neither group
varied significantly from proportional expectations.

Only an October deficit among acute cases exceeded
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Hcird A, 5 AR XUe ALV EARTTA,
ZhiL S EERALBB LT, ShEEmHHICH
Bk, EFEA TP RIS AT LA & AR
D5, L LEBo ik AN TEAR AR
frahidp s (P<.01), 10ADETIL 20 12 AFHE
mREGCEEAYRIETS, COoAYBRGIRETLE
FTHs (P<L.05), TOMOMATIHENFRIT
ALIHITE FARTH, oL Qe d, 722
DACELTOL4AENCTRLTFREABLTTHS
EVS 2 ELHTHY DB L O TV,

610 Pl EIMFE D 5%, 459 FiLAtER, 146 Flizig
PETH R B E R, F A S PTG L CIRHETRET
Hoto, SHOTEE LTV 5 AN F L BEES & o
R T e s fo L, W hIT G I
B L BB Lo o, e REEGIDI0A D



TABLE 2 NUMBER AND RATIO OF OBSERVED TO EXPECTED LEUKEMIA CASES SCREENED 1946-61, BY CITY AND SEX
= 0 1946~61ERC R AT o Fo IR BB X ORI & TAAGIB & D : BRT « HER

- Hiroshima ] Nagasaki Both Cities
BB £y Fl_ifi
Month of Onset Male Female Total Male Female Total Male Female Total
% W % 'S AEt % # A % i ait
N oo E o/p Nt oe NEler o/e Npper o/e Mg o/e Mg o/e Y™ o/e Ty ofE
Jff)‘%‘a“’ 19 1.02 10 0.81 29 0.93 12 0.97 14 1.68 26  1.25 31 1.00 24 1.18 55  1.06
E;};]f“ary 19 1.13 15 1.34 34 1.21 10 0.89 8 1.06 18 0.96 29  1.03 23 1.23 R o
hgaﬁd‘ 18 0.96 12 0.97 30 0.97 11 0.89 6 0.72 17 0.82 29 0.93 18 0.87 47 0.91
ﬁpfqﬂ 18 1.00 12 1.00 30 1.00 13 1.08 14 1.74 o7 1135 31 1.03 26 1.30 57  1.14
“gag 21 (S % 19 1.53 40 1.28 12 0.97 10 1.20 22 1.06 33 1.08 29 1.40 62 1.20
Jﬁur}‘; 22 1.22 13 1.08 3 1.16 11 0.92 15 1.86 26 1.30 33 1.10 28 1.40 61  1.22
J,}”%’ 22 1.18 11 0.89 33 1.06 7 0.56 7 0.84 14  0.68 29 0.93 18 0.89 47 0.91
*%”g“sr 19 1.02 15 1.21 34 1.09 18 1.45 8 0.9 26 1.25 37 1.19 23 1.11 60 1.18
%e%}embe" 15 0.83 9 0.75 24 0.80 13 1.08 7 0.87 20  1.00 28 0.93 16 0.80 44 0.8
?gj%’ber 11 059 11 0.8 22 0.7 7 0.56 0 0.00 7 034 18 058 11 053 20  0.56
Tfj‘%emb‘*f 10 0.55 9 0.75 19 0.63 Trie A%ds 6 0.74 23 1.15 27 0.90 15 0.75 42 0.84
‘i’;‘gmber 26  1.39 10 0.8 3 1.16 S 3 0.3 18 0.87 4 1@ 13 063 54 1.04
%’E’ﬁ“"“’“ 14 - 1 - = 1 - 2 — 3 = 15 L8 Win — . by -
P T A NP _ iy =300 | — 2P — o . o~ 57 = 638 =

% Number of cases observed (0) divided by number expected (E).
BEAN (0) 2 THAK (E) TH- .



the .95 confidence limit. Similar comparisons were
made of cases 19 years and younger at onset of
leukemia and those over 19 years at onset. Again
neither the differences between groups nor deviations
of groups from proportionate expectations were

significant.

Cases were divided into those 0-1999 m from
the hypocenter at the time of bombing (ATB),
those at 2000-9999 m ATB, and those 10,000+ m or
not in the cities ATB. The monthly distributions
of these 3 groups are given in Table 3 and ratios

of observed to expected cases are plotted in Figure 2.
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TABLE 3 NUMBER AND RATIO OF OBSERVED TO EXPECTED LEUKEMIA
CASES WITH ONSET 1946-61, BY DISTANCE FROM HYPOCENTER ATB,
HIROSHIMA + NAGASAKI
& 3 BAENIM6~61FTHDHIH GRS L OHEGE L FRARK L oK
Eﬁﬂ#%@@%ﬂ NGRS

Distance from Hypocenter (m)

RO S O (m)

10,000 +
Yloghgr Qraet 0-1999 2000-9999 Pkl pleng
: [ L R T W et
l\u;ﬁr.rlger 0/E * Nl‘g;ger 0/E Nl;;‘?%l{j(er 0/E N%Tﬁer O/E
Jf?;ﬂff 10 0.69 11 1.03 34 1.28 55 1.06
ﬁf?{“arY 13 0.99 10 1.03 29 1.21 52 1.11
ﬁngCh 11 0.76 6 0.56 30 1.13 47 0.91
o 19 1.3% 7 0.8 31 1.20 57 1.4
ﬁ?ﬁg 14 0.96 16 1.49 32 1.20 62 1.20
{;?; 16 1.14 13 1.25 32 1.24 61 1.22
I#E; 15 1.08 10 0.93 22 0.83 47 0.91
A%fguS* 28 1.93 11 1.03 21 0.79 60 1.16
Efﬁ%mnber 10 0.71 10 0.96 24 0.93 44 0.88
gﬁ;;bcr 10 0.69 8 0.75 11 0.41 29 0.56
?T??“jbEF 8 0.57 13 1.25 21 0.82 42 0.84
Eg;;ni@f 17 1.7 1 1.03 26 0.98 54 1.04
ggﬁnown 10 e 9 _ 9 LN 28 —
2;2? 181 - 135 — 322 = 638 =

* Number of cases observed (O) divided by number expected (E).
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FIGURE 2 RATIO OF OBSERVED TO EXPECTED LEUKEMIA CASES IN THREE
DISTANCE GROUPS ATB BY MONTH OF ESTIMATED ONSET OF
DISEASE 1946-61, HIROSHIMA - NAGASAKI
B2 3-o0EHRHTET51946~614F0 IS/ & T
FDOR HEERBFANSA, KE+ER
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While differences among these groups are not
significant, the 0-1999 m group is significantly
different from average expectation (P<(.05), and
the others are not. In the 0-1999 m group the
extreme (P<C.01) excess of cases occurs in August,
and the deficiency of cases in October in the most

distal group exceeds the .95 confidence limit.

Further exploration of the comparison groups is
severely limited by the small numbers of cases.
However, trends in those 0-1999 m from the hypo-
center have been examined in city-sex subgroups.
All 4 groups show an elevation in August which
is highest in Nagasaki males where the ratio of
observed to expected number of cases (O/E) is 2.9
and lowest in Nagasaki females (O/E=1.5). The
most prominent month for this latter group is
April (O/E=3.8).

DISCUSSION

Uncertainty as to the time of onset of leukemia
must exist even under the most favorable circum-
stances, and in this respect, conditions at ABCC
have been far from favorable. Cases are added to

the series from many sources which differ widely
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in depth of clinical detail, and several hematologists
have guided the program at different times. Periodic
review and reevaluation of the series affords
uniformity in some important respects. However,
such review can not overcome the limitations of
missing information or information originally col-
lected by different standards. Even among the more
recent additions to the series, some are not directly
available for examination. Of course, in such
instances all possible clinical data and specimens
are collected from other institutions, but diagnosis
and particularly date of onset of disease probably

are unreliable in such instances.

There are 3 subgroups which, for different
reasons, probably provide better date of onset data
than does the total series: Those cases resident in
the 2 cities at onset of leukemia, those for whom
diagnosis was graded certain or probable, and those
diagnosed acute leukemia. Examination of monthly
distributions in these overlapping groups reveated

trends similar to those in the total group.

It seems quite unlikely that the wvariation by
month of onset seen in leukemia is an artifact
of present screening procedures. Cases receiving
diagnoses other than leukemia (Fig. 1) were
identified and evaluated in the same way, yet are
not significantly different from the leukemia cases
or from chance expectation. The curve for this group
shows less variability and none of the extremes of
the leukemia curve. When leukemia cases were
examined by month of death, no seasonal effect was
found. Distributions by month of detection and
diagnosis were not evaluated, because these dates
are subject to a great many determinates which

render them meaningless for this purpose.

There is some possibility that extreme deviations
in month of onset are obscured by pooling cases
from the 2 cities. This might happen, for example,
if monthly variation is related to climate and,
because of climatic differences between cities, occurs
in different months. Table 2 suggests that such a
difference does exist during at least part of the
year, However, no satisfactorily objective way of
adjusting the data over the entire year could be

found. Though based on small numbers, it is females
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in Nagasaki who seem to show the greatest varia-

bility in month of onset of leukemia.

That excess numbers of cases started in August
(particularly in the 0-1999 m group) and that both
cities were bombed in August of 1945, may be
incidental. Three leukemia cases with onset in 1945
were excluded from this analysis, and there seems$
no good reason why either physicians or patients
should erroneously attribute onset of disease to
August in any other year. Nevertheless, the possible
role of subjective factors cannot easily be disregarded.
The anniversaries of 6 and 3 August are significant
events for residents of Hiroshima and Nagasaki,
especially those who experienced the 1945 atomic
bombings, and it is entirely possible that otherwise
negligible symptoms are more frequently noticed

at this time.

These data show reasonably consistent trends with
a modest excess of cases in April—June, an isolated
peak in August, and a deficiency in October or
November. This is essentially the same as Lee's
observation.! The most striking excess of cases
occurred in August in the group 0-1999 m from the
hypocenter (Fig. 2), but the late autumn deficiency
seems most consistent. This latter effect is seen in
Figure 1 for all leukemia cases and in Table 2 for
both cities and both sexes; it is seen in acute
leukemia; and it is seen in the group 10,0004 m from
the hypocenter. There is no ready explanation for
these monthly variations in the onset of leukemia,
and it is not at all certain that the August excess in
the 0-1999 m group is directly related to radiation.
Both phenomena will require, and seem worthy

of, further verification and study.

SUMMARY

The monthly distribution of onset of leukemia
during 1946-61 has been examined in 638 known
cases among Hiroshima and Nagasaki atomic bomb
survivors, Comparisons were made of sex, city,
chronicity, and distance from the hypocenter. A
summer excess was most prominent in the group
0-1999 m from the hypocenter, and an autumn
deficiency was most consistently seen in the various
subgroups. No explanation of these differences can
be offered.
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