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SUMMARY. One hundred and forty-one papillary carcinomas of the thyroid less than 0.1cm in greatest
dimension were divided into two categories on the basis of histologic evidence for tumor growth or inva-
siveness. The noninvasive “circumseribed” microcarcinomas were associated with a significant preponder-
ance of male patients (P <0.01), whereas no significant difference between sex distribution was noted in the
group with “invasive” microcarcinomas. There was no significant difference in tumor prevalence relative
to radiation dose at the time of the atomic bombs (ATB) for the “invasive” microcarcinomas, and suggestive
relationship (P =0.10) was noted for the group with “circumseribed” microcarcinomas. The “circumscribed”
microcarcinomas are interpreted as tumors that have been given no stimulus to grow because of a relative
lack of endogenous “promoting factor.” Thus, they could be of any age, and the possible induction of some
of these neoplasms ATB suggests that some may have been present for an extended period. The “invasive”
microcarcinomas must be of relatively recent promotion because they have evidence of growth and if subject
to continuous growth stimulus would be greater than 0.1 cm in greatest dimension, and excluded from this
study. Recent initiation would explain their lack of any positive relationship to A-bomb exposure.

B, e AR O. L em DL F oo BRI FLAA R 141 1) & E O E - SRR R v T 2
BREIZRAI L 2. JRR MO REME | A IJJ 1 o ZEBWCZ EATHEN(P < [J,ul‘ -5

[RRE BN EoRIzR, BLloshiziEgEssgstsh - f., (2R | s 1o0d, BB IE o fst g
Rt & A LOMIZHEEOMGEIE L v, H\ Al 1 ’4 A ETREFOREZZ LD J"=1“° xh(P=
0.10). TIREHE | # @i, RIE [’i @ [ & H fJ/J‘JL TR L T A s K kr il
TWEWHE THL W25, LT, TS mil IR T A 2 A, gz iiE g
mtobdssrBbhioT, BN I’ul'_iw‘ STHRETBZEFHNHE2THES . 'éa';%I"Hrvxl J.‘
i, WHERTHRPEDN207T, BROBEFLEENEECH - AZIZBAVWTHLS S, T4bb,
WA AT ARSAERMIZHTAELSE, BARZOIm b L2, KAKXKA ILBILESAATH
B, Fh ZhOoOBAREREELEZLEOTHAE, HBEBREZALSHMO AW EAHRHTE 3.

Surgeor' and Senior Surgeon,t US Public Health Service, Bureau of Radiological Health, Division of Biological Effects, assigned to ABCC
A B 2 SR S U (R R S R RS M B o BT &L R EEM T ABCC A i
*First Department of Pathology, Hiroshima University School of Medicine; Advisor to ABCC
R E B - R, ABCC BALY




INTRODUCTION

The variable growth potential of papillary thyroid carci-
noma has been demonstrated in numerous clinical
studies.'? Most papillary carcinomas remain occult to
the end of a person’s life. Only infrequently will papillary
carcinomas grow to a clinically detectable size, and even
less frequently will cause death. The greater frequency
of incidental occult thyroid carcinomas if sought at au-
topsy,”® compared to the clinical incidence and mortality
figures,” is evidence of the variable growth of this form
of cancer. A study of the smallest recognizable forms of
thyroid carcinoma—which would include both the earliest
tumors and those least stimulated to grow—could shed
some light on the origin and growth of papillary carcinoma
of the thyroid. This report involves 141 thyroid carci-
nomas less than 0.1 cm in maximal dimension.

MATERIALS AND METHODS

Five hundred and twenty-five cases of papillary carcinoma
were diagnosed in a special study of thyroid glands based
on 3067 consecutive autopsies from the JNIH-ABCC Life
Span Study in Hiroshima and Nagasaki; 141 of the tumors
were less than 0.lcm in maximal dimension. The
characteristics of this population sample, the pathologic
material available, the pathologic methods of study, and
the criteria for diagnosis have been presented in detail in
a previous I'eport.3

In 2035 cases, the formalin-fixed thyroid glands were
examined by means of multiple slices of the gland at
2 to 3 mm intervals. Sections for microscopic study were
taken of grossly abnormal regions, and, if no gross lesions
were seen, at least one section from each available lobe
of the thyroid was studied.

In the remaining cases, the method was modified because
in some cases all or part of the thyroid gland was not
available and in others the entire gland previously had
been embedded for histologic examination. The original
slides and blocks were available for reexamination in
nearly all cases.

All microscopic slides of the thyroid glands, whether
made at autopsy, during previous projects, or as part of
the present study were arranged in autopsy number order
and reexamined separately by two pathologists. Histologic
abnormalities were coded and recorded. Lesions suspected
to be carcinomas were reexamined by the two pathologists
simultaneously through a two-headed microscope, and
final diagnoses and decisions of a cancer's type, measure-
ments, and other histologic features were made.
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Tumors less than 0.1cm in greatest dimension were
measured to the nearest 0.01 cm with a stage microme-
ter. All measurements were made on the histologic
section. The “greatest dimension” recorded was the
largest dimension of thyroid carcinoma present in any
section of the case. This probably underestimates the
actual greatest dimension of the tumor since, unless the
plane of section passes through the midpoint of the tumor,
the actual greatest dimension will not be sectioned.

The diagnosis and classification of the tumors in this
series were made according to Hazard’s criteria.® Each
tumor had cells with the vesicular nuclei and amphophilic
cytoplasm, which are characteristic of papillary carcinoma.
In most lesions, some areas of papilla formation were
seen, but follicular architecture predominated. The
classification of these tumors as papillary was made on
the basis of the appearance of the cells and not on the
presence or relative amounts of papillary or follicular
architecture.

Of the 141 tumors in this series, 86 had no evidence for
either expansile or infiltrative growth, were not encap-
sulated, and did not invade into the surrounding thyroid.
These 86 had little or no sclerosis, and each showed
small rounded collections of papillary carcinoma cells
distinet from the surrounding thyroid. Because these
tumors had no histologic evidence of growth, they were
called “circumseribed” microcarcinomas.

The other 55 tumors had histologic evidence of growth—
either partial encapsulation or infiltration into the
surrounding thyroid sometimes with satellite foci a short
distance from the tumor. The presence of infiltration and
sclerosis distinguished these tumors from the “circum-
scribed” microcarcinomas, and they were designated
“invasive” microcarcinomas in this study. Figure 1 shows

the cellular structure of “circumscribed” and “invasive”

microcarcinomas of similar size.

RESULTS

One hundred forty-one cases of papillary carcinoma in
which the largest focus of tumor was less than 0.1em in
maximal dimension were found. It was unusual to find
these tumors on macroscopic examination of the thyroid—
only 4 of the 55 “invasive” microcarcinomas and none of
the 86 “circumscribed” microcarcinomas were found at
gross examination. The tumors were usually found on
examination of microscopic slides made of thyroid tissue
believed to be normal on gross examination. Thus, it is
not surprising that the frequency of these small tumors

RAZEClemPD TolE L, 3704—-y—%HHL
0.0lem B {iz @bl L 7. F @ afl;'!i, TRTHBTR 220
TiTzbhi, EHROURIZEL W ZFIRIEEO L K
sz zooBEAE ] LTERELE L
L, Zhi3sZ2 6 EBE0ERORAELBLFMT 2
LoTHEERDNS. T bbb, UM AEE O ik
RS A EY, EEORAREOOEAH6 040
PETHS.

AFERIIE T AEEOSZEE X UG HIE, Hazard @
FHHEzfiE - /2. 8 TAT@WJ@ FLEEIR B Ol T &

BKKatE oM lafE s £ Wt oMiaEE AL Te s
ELAYOWRETIE, LEERERTHESLF T 1
2, RS TEETh . ZHAS O IZHIT S
EREoSHIZ, FLERs s EHEREoREEe 20
HAmazRIzEITCEDTIRE L, MOz
TiTabhl-inThs.

A WA BT 5 105 141 FIrh86f 12, HEMEH 3 it
REE R OB A % 4, WY & <, RO K H
ﬁ%!n‘\u?)fzﬂé%u., HHNE A ZO8BE T, Wk

AT L& T, N BB RIKIRHTS
ci‘)ljir% OEEM L, LSRR s BHEES L LT
Rbmehl., Zho oz, BRoMSEsrurn,
[BRFEME RN e R 12T 53

OO ME S5z 1z, BMOHSEE b T4
By, AV BRI RE & 2 v LS8 o A g Pf\,n-i-z-
A& 0, BRIZ I RERS 03 < ILHIFEREAF B o h 3 2
EAB S k. THL ORI EEAES SRS D
LHTIREME MABERLTEN, ARECE, (B
BEME | f N SR Iz LA FIERCAZENTIR
o N B U RN E oM AR -
ALV B

w X

RéRks0HETE, BAEH O Lem ) F o LIRS 5
UIFRR LA Zhsolfiohizi, FHRIEoO ®R
MMETROLNLZLDIRTEAY S —RIBMKEAL
FULTREREEEE 0, [E8EE | #EA#SE DA
ThrdapTesy, (RIS MABSGHT IS 1IHE &
ot RBABRECLEREE2 502~ PIRIEEE O

MEEAEFR L THREST L TOTHRREEN- L
(Dﬁ’)\'.‘?ﬁ"}) Th3d. LENST, Zhoo/hsifEo
PR, BMEEAOREREIEVIEYE (LS L



Hematoxylin & eosin, x100 o~ %31 ¥ « & ¥ v gf; 1000

Figure 1 A, Typical “invasive” carcinoma. Although tymor is small, there is moderate sclerosis and infiliration of neoplas-
tic cells in a centrifugal fashion. B, Typical “circumScribed” microcarcinoma, a round collection of neoplastic cells with
Jollicles and poorly formed papillae. There is no infiltration and very little sclerosis.
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increased with the number of slides examined (Figure 2).
The 141 tumors found in this study is an underestimate
of the total number of tumors present in the population.

Pathologic Features. As shown in Figure 3 the “cir-
cumscribed” microcarcinomas were smaller than the
“invasive” microcarcinomas; 68 % of the former and only
8% of the latter were 0.05¢cm or less in greatest
dimension.

Tahle 1 shows the histologic features of the “circumscribed”
and “invasive” microcarcinomas. The differences between
the two varieties of thyroid carcinoma in this tabulation
are a reflection of their definition in histologic terms and
of the larger size of the “invasive” microcarcinomas.

Metastatic thyroid carcinoma in cervical lymph nodes was
seen in two patients with the “circumscribed” tumor and
in one patient with the “invasive” microcarcinoma. There
were 14 postmortem cervical lymph node dissections
performed on the group with “invasive” microcarcinomas
and 13 such dissections on the group with “circumscribed”
microcarcinomas. Thus, the prevalence of metastasis was
not appreciably different between groups. No distant me-
tastases were present in either group.
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Figure 2 Prevalence of thyroid carcinomas less than 0.1cm in greatest dimension by number of slides of thyroid examined.
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TABLE 1 HISTOLOGIC FEATURES AND ASSOCIATIONS OF CIRCUMSCRIBED AND INVASIVE MICROCARCINOMAS
1 BEMES X CREERCOEOMBEWTR & 2 0MEME

Histologic feature

HLEE S 1R B

Circumscribed Invasive
86 cases 55 cases

B 4 (86 ) 24844 (S55()

Maore than one focus of tumor  HF/E i 4L 7 2 @ L |
Papillary pattern >50%
N R
I 2 e

Encapsulated

Blood -vessel invasion

Fibroplasia, none or slight
Moderate rh
Extensive i

Psammoma bodies iR S

T Ry vt

£

Lymphoeytes in tumor

Metastases in cervical lymph nodes

Associated nodular thyroid gland

FLERARBEE A750% L) 1 e,

BMERIRAC L Lok azdER)

WY v EER
Associated malignancy other than thyvroid — BPHRRE L1 4L o0 Bk 5 0 fF 52
FRBESRIERE i,

3% 18%
10 18
............................. 0 7
0 2
100 35
0 55
0 11
0 4
6 22
143 2 2
.................. 24 24

27 40

The rate of associated malignancy other than thyroid was
the same between the two types of carcinoma. This rate
(24 %) was somewhat less than the overall rate of malignant
disease in this autopsy series.” The difference in fre-
quency of nodular thyroid gland between the types of
carcinoma was not significant.

Sex, Age, and Radiation. The sex ratio of the group
with “circumseribed” microcarcinomas was 58 males to
28 females, and of the group with “invasive” microcarci-
nomas 24 males to 31 females. There was a significantly
higher proportion of males in the “circumscribed” group
(P<0.01). There were no significant or suggestive
differences in age at death between the groups with the
“circumscribed” and “invasive” microcarcinomas. Table 2
shows the age at death of the patients in these two
groups.
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TABLE 2 AGE AT DEATH OF PATIENTS WITH CIRCUMSCRIBED
OR INVASIVE MICROCARCINOMAS

F#Z O REMEE L UCRBEMMEE AT RSO

Sex Circumscribed Invasi.vc

5 FE R} 14 120
Males 5 67.5 ¥yr
Females # 69.5
Both #f 69

No significant difference between groups.

PR I AR 0 Lo,

The prevalence of each type of carcinoma in three
radiation-dose categories is presented in Figure 4. There
was a suggestive increase (P = 0.10) in the prevalence in
the dose category of 50rad or more in the group with
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Figure 4 Prevalence of invasive & circumscribed microcarcinoma by radiation dose received ATB
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“circumscribed” microcarcinoma but no such increase in
the group with “invasive” microcarcinoma. Calculations
on the basis of relative risk indicate that five “circum-
scribed” microcarcinomas in this series may be expected
to have been initiated ATB.

DISCUSSION

Whether all the lesions in this series were truly carcinomas
was difficult to determine. There should be generalized
acceptance of the carcinomatous nature of the “invasive”
microcarcinomas because they had histologic evidence of
invasion and were smaller “occult sclerosing carcinomas.”
The “circumsecribed” microcarcinomas, however, were
diagnosed purely on cytologic grounds. The presence of a
collection of cells with the typical vesicular irregular
nuclei and pale cytoplasm of papillary carcinoma was
sufficient for the diagnosis of carcinoma and the classi-
fication as papillary. The specificity of this type of cell
for papillary neoplasms was pointed out to us by
Dr. J. B. Hazard, who reviewed several of the tumors in
this series. The lesions were differentiated from adenoma
by the absence of encapsulation and from hyperplasia by
their cytologic features and because they did not have the
multifocal character that recognized forms of hyperplasia
possess. Further evidence of their carcinomatous nature

was the cervical lymph node metastases found in two of
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the cases. In both of these cases, the metastases were
deposits of frank papillary carcinoma much larger than
the primary tumor.® Although this is the first series of
these minute tumors reported, photomicrographs of similar
lesions have been published by Butler and associates,?
Gikas and associates, ! and Gray and Doniach.!! In the
former two articles,” !'? the tumors were reported as being
associated with occult cervical lymph node metastases,
and in the latter!' with frank papillary carcinoma
elsewhere in the thyroid gland.

The distinction between “circumseribed” and “invasive”
microcarcinomas was made in this study purely by the
histologic demonstration of evidence of growth. Metas-
tases to regional lymph nodes, however, are not well
correlated with tumor growth,%12 and in the present
series, the incidence of metastasis was similar for both
the “circumscribed” and “invasive” tumors.

Although the parameter of tumor growth does not describe
the overall biologic potential of these tumors, it is of
particular importance because it has been postulated that
it is under the control of a specific growth promoting
factor in the host. A widely held theory!%!* postulates
that the induction of tumor of the thyroid gland either by
radiation or by other earcinogens involves two independent
processes. One is “initiation” of the tumor by the carcin-
ogen and the other the “promotion™ of the tumor's growth
by some host factor that is generally considered to be
thyroid stimulating hormone (TSH).

“Initiation” is thought to be an alteration of thyroid cells
in a manner such that a tumor is formed if growth pro-
motion is present. What happens to the “initiated” focus
if there is no such promotion is uncertain. Radiation
exposure alone can produce chromosome abnormalities in
thyroid cells,'® but tumor production requires additional
TSH stimulation.!®  The “initiated” thyroid cells may
not be recognizable histologically, but it is alternatively
possible that they may show the cytologic features of
thyroid carcinoma without evidence of tumor growth.
The “circumseribed” microcarcinomas in this series may
be foci of such cells. However, the “invasive” micro-
carcinomas have histologic evidence of tumor growth and
are probably influenced by “promoting factor.”

16 has shown that a highly

A study of this entire series
significant association exists between larger size of papil-
lary carcinomas and female sex. This suggests that the
“promoting factor” is more active in females than in males.
This study also suggests that the growth of papillary
carcinomas is not directly dependent on whether the tumor
is “spontaneous” or radiation-induced. The pronounced
male preponderance in the group with “circumscribed”
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microcarcinomas is another indication of the lesser
tendency for a papillary carcinoma to grow in a male
patient than in a female.

The suggested radiation-dose-prevalence associated with
the “circumseribed” microcarcinomas is further support
for the hypothesis that radiation may act as an initiating
factor alone, and does not itself promote the tumor to
grow. This is in accord with the findings of Doniach!*
and Lindsay and associates!” in experimental studies.
Although atomic radiation has heen suggested as an
initiating factor in this series, it is not the only such
factor. There are “circumscribed” microcarcinomas in
some subjects who received no direct ionizing radiation
ATB. These tumors may be “spontanecus” or may be
caused by some other unknown carcinogen to which some
members of the population may have been exposed.
In experimental studies, various chemical carcinogens, as
well as radiation, may initiate thyroid neoplasms.'*17
The suggested radiation-dose-prevalence relationship of
the “circumscribed” microcarcinomas also implies the
possibility that some tumors in this series may have
received their initial stimulus to develop ATB. Because
the earliest autopsy in this series was performed in 1957
and most were performed after the reorganization of the
ABCC-JNIH autopsy program in 1961, at least 12 years
had elapsed from radiation exposure in 1945 to autopsy
in 1957 or later. Under some circumstances, therefore,
a thyroid carcinoma may remain a long time as a minute
neoplasm that has no evidence of growth on histologic
examination.

The male to female ratio for the 55 patients with
“invasive” microcarcinomas in this series was similar to
that of the entire series of papillary carcinomas (251 males
to 274 females). The lesions had histologic evidence of
growth which, according to the two-stage theory, would
indicate that they were under the influence of endogenous
“promoting factor.” It is unlikely that these tumors were
subjected to continual stimulation for growth for a pro-
tracted period, because they probably would have grown
beyond the 0.1cm size limit of tumors included in this
report. This is a possible reason for the lack of a positive
radiation-dose-prevalence relationship in this group of tiny
but “invasive” neoplasms. A tumor initiated ATB would
have had its initial carcinogenic stimulus at least 12 years
prior to histological examination in this study. However,
the variable growth of a papillary carcinoma makes the
estimation of a tumor’s age on the basis of its size subject
to error. It is possible under the two-stage theory that a
tumor may have remote initiation but only recent pro-
motion, or that the levels of promoting factor may
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fluctuate. If, however, the “invasive” microcarcinomas WHEEfE A S 2. Lo L, [S8RE | MAEIEREICREE

are indeed recent in initiation, then thyroid carcinomas BELAOTHAE, FHEEBEFESRECzIFVTIA
can originate “spontaneously” in elderly persons(the aver- RIZHE LG ERT (AL BREOECEOT
age age at death in this group of persons was more than P 12 70 ]-- ThH-r). 2hEOFGFEZET 5
70 years). A previous study from this series!'® has LIT o BF% ¢, ™ oshisss S6 1 iR e 3LIR IR 27 A
concluded that radiation-induced papillary carcinomas of CRAEF AT L AL L EREIATLS

the thyroid can be initiated in adults.

It is not suggested that the circumscribed tumors reported FEEIZH SRR L, 8L RE & A
on in this study are separate entities from the invasive DB THAEERZ v, B LA, NG RIETEERE
papillary carcinomas but rather that they represent the HMOHRE BT MLEBEEEsRTLOTIE b VA L&
initial phase in the natural history of an endocrine- 2oh3, [RERTF|ICLIZES MBI S L2050

dependent neoplasm. Under the proper stimulation by
“promoting factor,” they might grow into an invasive,
perhaps even clinically apparent, tumor. But given no

&.@&ﬁﬁir%&L v att SMDE o A O wchﬁ
MTE3L3 MBI A3 L2 bhanhd L,

» {5 i B - - B A Fr)
stimulus by “promoting factor,” they might remain indefi- LaL, | {h—ﬁ%[ I?.l EaMEmA L VEBESE, EE ;’J
nitely as minute nests of atypical cells without evidence MrMzofhmEEoEsru2ETERD, RS2
of invasion or growth. VIR ENERELZVTHAS ).
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