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PAPILLARY CARCINOMA OF THE THYROID GLAND
SEX AND SIZE RELATED FEATURES

RARKEILBERE

s LUV AREEENDEEET

s b gicolyT

A STUDY OF 525 CASES DIAGNOSED AT AUTOPSY, HIROSHIMA AND NAGASAKI
BB T2l 526lOME, BESSUER

INTRODUCTION

The marked preponderance of clinically evident
papillary carcinoma of the thyroid in females
suggest that this neoplasm, thought to be endocrine
dependent, 12 is affected differently by the internal
environment of males and females. Sloan’s3 finding
that the sex difference in incidence of the tumor is
far less in children and in the aged than in the
reproductive years supports this concept. Little
information has been published about differences in
the size and histologic features of the papillary
carcinomas of the thyroid found in each sex. This
report focuses on some important and interesting
differences in a series of 525 cases.

MATERIALS AND METHODS

Of 525 cases of papillary carcinoma diagnosed in a
special study of the thyroid gland in the ABCC-JNIH
autopsy series in Hiroshima and Nagasaki, 251 were
found in 1614 males and 274 were found in 1453
females. This series is drawn from the JNIH-ABCC
Life Span Study, a population sample of approxi-
mately 100,000 residents of Hiroshima or Nagasaki,
including both atomic bomb survivors and a compari-
son group of persons who were not in the cities at
the time of the bombs (ATB). It is estimated that
about half of the total sample received one or more
rad total body radiation ATB.

In 2035 (66%) of the autopsy cases the formalin
fixed thyroid glands were reexamined by careful
visual inspection of slices of the gland at 2-3 mm
intervals. Sections for microscopic study were
made of grossly abnormal areas and at least one
secrion was made from each lobe of the thyroid
even if no gross lesions were seen. In the remain-
ing 1032 cases the method was modified because
in some, all or part of the thyroid gland was not
available for review, and in others, the entire gland

had previously been embedded for sub-serial
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histologic sectioning. The original histologic
sections and blocks were available for reexamina-
tion in nearly all cases. The term ‘‘grossly
identified carcinomas’’ refers to those carcinomas
that were recognized and provisionally diagnosed at
the gross examination and subsequently confirmed
at the microscopic examination.

All microscopic slides of the thyroid glands,
whether made at the time of autopsy, during
previous projects, or as part of the present project,
were arranged in autopsy number order, and re-
examined separately by two pathologists. Histologic
abnormalities were coded and recorded. Recuts
and elastica stains were routinely made in cases in
which carcinoma was suspected. After this
systematic examination, all cases of carcinoma
and cases suspected of carcinoma were examined
again by two pathologists simultaneously through a
two-headed microscope, and final diagnoses and
decisions of a cancer’s type, measurements and
other histologic features were made.

The ‘“‘greatest dimension’ was the largest dimen-
sion of thyroid carcinoma present in any section in
the case. The "'second dimension’’ was the largest
measurement perpendicular to the greatest dimen-
sion. Tumors less than 0.1 c¢m in greatest dimension
were measured to the nearest 0.01 cm with a stage
micrometer; tumors greater than 0.1 cm were
measured to the nearest 0.1 cm with a transparent
rule.  All measurements were made on the histologic
section.

Additional information about the population sample,
the pathologic material available, the methods of
study, and the criteria of diagnoses has been
presented el sewhere.4

RESULTS

Multiplicity More than one focus of carcinoma was
found in 170 (32%) of the 525 cases of papillary
carcinoma (Table 1), 36% in the female cases and
28% in the males.

Location  There was no significant predilection
for the carcinomas to be found in either lobe in
either sex (Table 2). In some cases, mostly
discovered in unmarked routine autopsy or previous
special study slides, the' location was not known.
If a tumor had mulciple foci, both lobes were
frequently involved (Table 3). The location of the
tumors within a thyroid lobe showed no particular
predilection for any region although almost half
the neoplasms extended to the capsule of the
thyroid gland.
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TABLE 1 NUMBER OF FOCI OF PAPILLARY CARCINOMA
# 1 FLEWE 3 0 3

Sex Total
1 2 4 +
5 z 6 G
Male % 180 39 13 7 5 7] 251
Female % 175 57 23 12 2 5 274

TABLE 2 LOCATION OF THE LARGEST FOCUS OF CARCINOMA
#2 RAD#FEIEO B

Sex Left Lobe Right Lobe Isthmus Unknown
14 51 S B gt 55 ERL]
Male % 79 87 18 67
Female 108 101 17 48
TABLE 3 LOCATION OF MULTIPLE FOCI OF PAPILLARY CARCINOMA
# 3 ILEUIRM & 505 4 o S
Sex All Tumors One Lobe and Both Unknow
l‘e‘:i in One Lobe Isthmus Lobes " :;)y A
L F T OREIG A —F5 —OIFEE L kU [ ik
DHRIELZH 5 3
Male % 18 4 28 19
Female % 23 6 48 22
Size When the logarithm of the greatest dimension A&EE IEHRMEREMC, REEE, Ta2bb, biAkE

of the is plotted against the cumulative

frequency, (i.e., the percent of all tumors of a given

tumor

size or more) on normal probability paper, a straight
line results. If the tumors are then subdivided by
sex, parallel straight lines result which indicates
that the logarithms of the greatest dimension of the
papillary found in this
normally diseributed for each sex (Figure 1).

carcinomas study are

The theoretical normal distributions corresponding
to the straight lines of Figure 1 are shown in
Figure 2 where it is seen that the female distribu-
tion is shifted towards larger sizes on the logarith-
mic scale compared to The mean
greatest dimension for the males was 0.13 cm and
theoretically 95% of the tumors were from 0.02 to
0.92 cm in size, while for the females the mean
was 0.20 cm and 95% limits were from 0.03 to
1.45 cm. The greater size of the female papillary
tumors was highly significant (P < .001) by the
t test which makes use of the normal distribution

the males.

for the size.
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Since such factors as the amount of thyroid material
available for reexamination, and the amount of
radiation received ATB could possibly affect the
size distribution and normality of the tumors found
in this series, various subgroups uniform for
thyroid material or radiation dose were tested for a
difference in tumor size between males and females.
The Wilcoxon-Mann-Whitney rank test, which
assumes only an ordering of the tumors by size and
is less powerful for normally discributed data than
the ¢ test, was used. The ordering was by greatest
dimension and within the same greatest dimension
by second dimension, e.g., 0.2 x 0.2 cm, 0.3 x
0.2 cm, 0.3 x 0.3 cm, etc. The greater size in
females was found to hold regardless of thyroid
material orradiation dose group.

Figure 3 shows that the mean of the logarichms of
the greatest dimension of the papillary carcinomas
in this series decreases with increasing age at
death in the females, but remains constant in the
males.  The difference in average size of these
tumors between males and females is greater in the
vounger people than in the older.

Figure 4 shows the cumulative frequency of the
tumors in this series when separated by sex and by
estimated dose of direct radiation ATB. The tumors
in the 50 or more rad category are larger in the
females than the tumors in the lower dose categories
(P .05), and slightly smaller in the males (P .16).

Gross Features The gross appearance of the
papillary tumors was fairly uniform. Most of the
tumors were firm, pale lesions often just beneath
the capsule of the gland. The margins of these
tumors were usually infiltracive, although partial or
complete encapsulation was sometimes seen. In a
few very papillary lesions the cut surfaces were
friable. Calcification was present within the
Figures 5-9 illustrate
the gross appearance of some of these tumors.

neoplasm in some cases.

Of the 525 papillary carcinomas in the series, 376
were found in the 2035 autopsies in which the entire
gland was available for gross reexamination. Of
the 197 cases in females, 92 (47%) were found at
gross examination of the thyroid, while in compari-
son, of the 179 cases in males, 52 (29%) were found
at gross examination. This macroscopic identifica-
tion was significantly more likely in females than
males (P <.001). Since gross identification was
highly dependent on the size of the tumor, the more
frequent recognition in the females could be
explained by the larger size of tumors in females.

In the size range of 0.2-0.5 cm, about half of the
tumors were identified at gross examination
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0.4 x 0.3 cm papillary carcinoma. The lesion has no capsule

FIGURE 5 5Sl-year-old male.
There is marked sclerosis but no gross calcifica-

and is infiltrative at the margin.
tion (|

5 5léE@BE. 0.4 X0.3 emd FLHEIRE. M IXHMIERAE <,
FEAL 206 2 4%, PIIRAY I B (1 2 o O ) .

MMM S S, WEK L

lem

FIGURE 6 Gl-year-old female. 0.4 x 0.4 cm papillary carcinoma. The tumor extends to the

thyroid capsule ([N .
B6 Blio it 0.4 X0.4 ened FLFMM. M2 PR Lo s (iR .
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FIGURE 7 43-year-old female. 0.5 x 0.4 cm papillary carcinoma. The tumor is parcially
encapsulated, has marked sclerosis but no calcification [ B

F7 430 ffE. 0.5 X 0.4 em) JLEHKME. BRI (L 4 FHCHEN A H 0, WELFBLASH B A
AR E A5 Ao () .
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FIGURE 8 73-year-old female. 0.8 x 0.7 cm papillary carcinoma with marked calcification

and ossification (GG -
B8 LI 0.8 X0.7 0 LIRE. WE BRI EEOERER S ) (S



FIGURE 9

[ 9

Tem

68-year-old female. 1.0 x 0.8 cm papillary carcinoma.

tumor has a soft friable cut surface and partial encapsulation
68 D tE, 1.0 X 0.8 em? FLAHIKM. = il
0, ERE e 2 BN 6 5 (R )

This highly papillary
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FIGURE 10  58-year-old male. 0.2 x 0.2 cm papillary carcinoma. A typical sclerotic, non-
encapsulated tumor with slight lymphocytic infiltration () H-E Original

magnification 40 x.
(10 S8# 0 Hk. 0.2X0.2em ) LIRS . WAL ) v TR & 50 B OE A 0 2 v SRRy 5 B
T A7 [ — E i 6 7 A 0 4015 3 A

FIGURE 11 5l-year-old male. From the tumor pictured grossly in Figure 5. There is marked
sclerosis and numerous psammoma bodies “) H-E Original magnification

40 x,

F1l 51N BHE, ESIZZoBBoRREETL -,
( NN ) H — E T A 0 400 Bk

HMELHE LV EHOBMikrALN S
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FIGURE 12 38-year-old female. The margin of a highly papillary 0.3 x 0.2 c¢m carcinoma
() - Original magnification 100 x.

B2 38l ) &t 4 7 o FLIAAK B 3 & 7% 4 0.3 0. 2em @ 6 00 143 4 (MM H — E it
A 100 £ 4 k.

FIGURE 13 67-year-old male. Papillary carcinoma with mainly follicular differentiation.
There is marked lymphocytic infiltration (—) H-E Original magnification
40 x,
B3 67 Bk, & LTIk (L T LEAE. WE A Lo ukEn a5 s (T
B H - E 0 0f K
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FIGURE 14

1714

89-year-old male. A 0.05 x 0.05 cm nonencapsulated, nonsclerosing noninfiltra-

tive tumor, with the typical cytologic features of papillary carcinoma (-)
H-E Original magnification 100 x.
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TABLE 4 COMPARISON OF HISTOLOGIC FEATURES AND GROSS RECOGNITION OF PAPILLARY THYROID CARCINOMAS
0.2 cm — 0.5 em in GREATEST DIMENSION

#d4 HEEEARER S EREE 0.2

— 0.5 em @ FLIIRSE @ PIERAY 3 W & O Lo

Histologic Features
LA O TR

Grossly Identified
[BHH DI 3R E I o)

Not Grossly Identified Significance

84 cases ffl

Multiple foci of carcinoma £ % {5457 4t 42
Associated nodular thyroid KIS B fiF 76 42
Greater than 50% papillary pattern 50% 1) Lo 390 4k (% 33
Fibroplasia #t#Ei40 - Slight 1% 17

Moderate cf 50 39

Marked 5 44
Tumor psammoma bodies I i if {4 18
Calcification or ossification {1k (L4 & O (L Fonk 32
Extent to capsule 1~ @) i g 56

%

PIRAIIZ R &g s 11 881 ke
08 cases i
34 % NS (>.0%)
38 NS
28 NS
20
34 } NS
46
17 NS
9 < .001
60 NS

Table 4 compares some histologic features of
tumors in this size range to indicate whether any
features other than size make it more likely to be
found grossly. In the comparison, the only feature
apparently associated wicth gross identification is

calcification or ossification in the neoplasm.

Histologic [eatures The carcinomas in this series
were classified according to
Papillary carcinomas were defined as tumors with
certain characteristic cytologic features: irregular,
rather clear nuclei, and pale cytoplasm. Most were
of papillae and follicles in varying
although a few purely follicular forms
were scen. An estimate was made in each case
whether the amount of papillary differentiation was
greater than 50%.

Hazard’s criteria,0

a  mixture
proportions,

About one quarter of the
evidence of partial or complete encapsulation. In
with partial the pattern
within and outside of the capsule was the same;
thus there was no evidence to indicate that these

cases had histologic

cases encapsulation,

neoplasms originated from a previously benign
nodule. The remaining three quarters of the cases
had no capsule and consisted of neoplastic cells
radiating from a sclerotic center or of neoplastic
sharply demarcated focus within the

Most of the smaller tumors in

cells in a
thyroid parenchyma.

this series were unencapsulated.

The amount of fibroplasia was graded on a three
point scale. A complete lack of fibrous stroma was
found in only the smallest neoplasms. The
maximum grade of fibrosis indicated a scar-like
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lesion which frequently had few epithelial elements.
Calcification was present as amorphous deposits,
psammoma bodies or in ossified foci. The diagnosis
of psammoma bodies required the presence of a
laminated histologic structure. The diagnosis of
ossification the presence of bone
spicules and not bone marrow.

required only

In some cases the tumor epithelium infiltrated into
the normal thyroid at numerous points along the
periphery of the neoplasm without
fibrous tissue, allowing close contact of the tumor
epithelium with the thyroid parenchyma.
Hazard® showed that a greater degree of contact of
the epithelial elements of thyroid carcinomas with
associated with

intervening

normal

the  surrounding thyroid was

increased lymph node metastases. The same result
was Lymphocytes were
present in some of the neoplasms. Figures 10 to

14 illustrace the histologic features

found in this series.”
some of
discussed.

Table 5 shows the frequency of these features for
the tumors in males and females. Three features,
encapsulation, fibroplasia, and calcification, are
found significantly more frequently in females; they
are also closely related to the size of the tumor.
Table 6 compares the same features for the tumors
by four different size categories. Each of the
features is significantly (P <.001) more frequent in
association with larger tumors. The same relation-
ships between size and histologic features are
found when each sexis considered separately.
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TABLE 5 FREQUENCY OF CERTAIN HISTOLOGIC FEATURES OF PAPILLARY CARCINOMAS IN MALES AND FEMALES

#5

Ptk s L Uz &0 2 FLEIRA O #LA 52 B9 3 o0 SR

Histologic Features

HLHE 4 T {7

Male Female Significance

Greater than 50% papillary pattern 50% L) = o 3LAAAE (8
Encapsulation of tumor — complete 5 &
T 985 ) e gk TEZ A partial  EE% M0

no capsule BMEREMN 4 L
Blood vessel invasion I {218

Fibroplasia #tE 4 — slight iE
moderate 'hEHE
marked g

Tumor psammoma bodies I i i

Calcification or ossification /KL £ 7 (% (b4 Rk

Much contact of tumor epithelium with surrounding thyroid
Wi 1 - TR ER O BRIk & DA S 0 b 0

Lymphocytes present ') » /VER D TF 7

Multiple foci of carcinoma % RE1EM 47 4

251 cases ffi 274 cases ffl

65  26% 60 2% NS (> .05)
17 T 24 9

30 12 71 26 } <.001
204 8l 179 65

17 7 31 11 NS
104 41 70 26

77 31 97 35 } <.001
70 28 107 39

31 12 37 14 NS
24 10 61 22 <.001
34 14 45 16 NS
91 36 116 42 NS
71 28 99 36 NS
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TABLE 6 FREQUENCY OF CERTAIN HISTOLOGIC FEATURES OF PAPILLARY CARCINOMA vs TUMOR SIZE

%6

FLERAAE O ALA S R BL O B LB 0 K = &

Histologic Features Tumor Size WMo A% & Significance
HLA 5 1 B < 0lecm  0,1-0.2cm  0.3-0.5 cm >0.6 cm 1
Number of Tumors [ £ 141 176 142 66
Greater than 50% papillary pattern 50% L) Lo FL3A K & 13 18 % 34 % 41 % <.001
Encapsulation of tumor — complete 5¢ & 3 5 14 12
A 185 0> 2 Nk 2 ol partial {509 1 12 35 45 } < .001
no capsule #IERZHE 4 L 96 83 51 42
Blood vessel invasion L% 2 (% 1 3 15 30 < .001
Fibroplasia ##EHifi - slight §EnE 74 23 15 12
moderate th %R 21 42 37 27 } <.001
marked  §BIE 4 35 49 61
Tumor psammoma bodies T 4 1f {f: 1 8 19 38 <.001
Calcification or ossification 3K L% 7 (& (LTFTFE L 0 3 28 61 <.001
Much contact of tumor epithelium with surrounding thyroid
R L & TR & O ki A° 500 6 0 0 g 4 22 et
Lymphocytes present ') » VIR (7L 12 37 55 71 < .001
Multiple foci of carcinoma £ 5E1E4 45 3¢ 9 30 48 59 < .001
DISCUSSION z B
Papillary carcinomas are larger in females than in
males. In this series the association of larger LW s, BiELLErkEw., SEORAETE,

tumor size with females can be made with a high
degree of certainty. No previous reports of this
association have been found in the literature. One
can speculate that there is some factor associated
with females which promotes or permits the growth
of a papillary carcinoma. The further observation
that the average size of the neoplasms seems to
decrease the advanced age groups
(Figure 3) suggests that this hypothetical factor is
less active in females with advanced age.

in more

Such a relationship to age and sex in an endocrine
neoplasm suggests a hormonal influence. The only
recognized relationship of a hormone to thyroid
is the dependence of many of these
on thyroid stimulating hormone (TSH)
several ways.
Thyroid carcinomas have been produced in experi-
mental iodine

carcinoma
neoplasms
which has

been demonstrated in

by procedures, such as
deficient diets and administration of goiterogens,
which increase the production of TSH by the
pituitary.®  [n humans, thyroid carcinomas grow
larger when TSH is administered prior to radio-
iodine therapy.? Conversely, the growth of thyroid
carcinoma is reduced and frequently reversed when

endogenous TSH is reduced by pituitary ablation!?

animals

or pituitary-suppressive doses of thyroid hormones. 2
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The plasma levels of TSH!! and the cells of the
pituitary thought responsible for TSH production!?
have both been found increased in patients with
thyroid cancer. The multicentricity of papillary
carcinomas of the thyroid, demonstrated in this and
other studies!3 has been interpreted as evidence
for hormonal dependence of these neoplasms. The
tumors which are associated with this endocrine
dependence are usually well differentiated and of
the papillary type, similar to in the
present series, but TSH dependence of other types
of thyroid tumors has also been reported. 14

the cases

Higher levels of TSH in females than in males have
However, the amounts of TSH in
the serum are very small and the assay methods are
not yet standardized.15 Bottaril® concluded that
the hormone was present in much higher levels in
the serum of premenopausal women than in either
postmenopausal women or in men. Assays based on
an immunofluorescent technique showed that the
levels of serum TSH are 2 to 2.5 times
This method
was also used in the studies which found high
serum TSH in patients with thyroid
1 One could hypothe size that papillary
carcinomas, which are dependent on TSH levels,
would grow larger in females who have higher TSH
The evidence from this study is in agree-

been reported.

normal
higher in females than in males.l7

levels of
carcinoma.

levels.
ment with this hypothesis.

A decline in TSH levels with age has been found in
dara.16  This was also suggested by
McGavick and Seegers '8 as the explanation for a
finding in elderly patients of a low I-131 uptake
which became normal in

Bottari’s

response to exogenous
TSH administration. These findings could explain
the smaller size of the tumors found in the older
females in this series, if those tumors began at an
age when a low level of thyrotropin was present.
Also, the tumors might have shrunk in size when

the TSH levels diminished with advancing age, as

hormone-dependent  thyroid  carcinomas  shrink
after pituitary suppression.?2
Alternative explanations based on sex hormone

levels or non-endocrine factors could be postulated
for the age and sex differences in the size of
these tumors. However, an explanation based on
age and sex difference in TSH production seems
likely from the evidence currently available. It
should be emphasized that the data presented here
do not suggest that TSH is the cause of these
neoplasms, but rather that it may be a factor in
promoting the growth of neoplasms already present.

The differences cited between the males and
females with respect to gross and histologic
features are all closely related to the size of the
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tumor as well as to the sex of the patient. The
differences between the males and
females thus could be explained as primarily due to
the greater growth in the females of essentially
similar neoplasms. The evidence from this study
is in agreement with the hypothesis that the only
difference between the papillary carcinomas of the
thyroid in females and males is the greater size of
the tumors in females.

tumors in

Previous calculations® suggest that almost one-
third of the carcinomas in those patients with 50
or more rad exposure ATB can be attributed to that
exposure in 1945 whereas less than 1 in 20 of the
tumors in patients with 1-49 rad can be attributed
to radiation. Figure 4 shows that in females the
tumors in the 50 or more rad category tend to be
larger (P .05) than those in patients with either a
smaller or no measurable dose. In males there is
no such effect and in fact the tumors in the 50 or
more rad category tend to be smaller (P .16) than
those exposed to lower The differing
relations between size of tumer and radiation dose

doses.

in each sex suggest that initiation by radiation
does not influence the growth of papillary carcinoma.
The growth of a radiation induced neoplasm seems
to be promoted or permitted by the same sex-related
factors as effect spontaneous neoplasms. This is
similar to Doniach’s experimental resules!?:20 in
which radiation-initiated neoplastic cells required
stimulation by TSH in order to be ‘‘promoted’ to
tumor formation. The slight exaggeration of the
sex-related differences in tumor size in the higher
radiation dose category may be explained by the
long time interval in che radiation-initiated cases
between the presumed initiation of the neoplasm
ATB (1945) and the discovery and measurement of
the neoplasm at autopsy (1957-68). In this interval
growth promoting
The spontaneous
tumors have an unknown and presumably variable
time of induetion.

the sex-related difference in
factors could become manifest.

SUMMARY

Among 525 cases of papillary carcinoma of the
thyroid diagnosed at
Nagasaki, gross and microscopic
investigated for differences between the
274 cases were found in 1453 females and 251 in
1614 males. The sizes (greatest dimension) of the
tumors in each sex were observed to have a log-
normal distribution with a mean of 0.20 cm for the
females and 0.13 cm for the males. The tumors in
females were significantly (P <.001) larger than
Frequency of gross identifi-

autopsy in Hiroshima and
features were

sexes;

the tumors in males.
cation and three histologic features, encapsulation,
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fibroplasia, and calcification, were significantly
associated with the females. These factors are
also associated with larger tumors regardless of
sex suggesting that the only difference between
tumors in males and females is the greater size in
females. The mean size of tumors in the females
decreased with death while
those in males were constant in size and smaller
than tumors in females for all age categories.
Comparison by atomic bomb radiation dose showed
that the tumors in the 50 or more rad category (in
which previous analysis had shown that almost one-
third were actributable to radiation) were somewhat
smaller in the males and larger in the females than

increasing age at

in the lower dose groups. The data are in agree-
ment with the presence of a growth promoting factor
which is greater in the females than in the males
and greater in younger than older females. Tumors
initiated by radiation and those initiated by other
causes seem to be equally affected by this growth

promoting factor.
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