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CARCINOMA OF THE THYROID FOLLOWING IRRADIATION OF THE NECK
DAVID RABlNOWITZ, M.B., B.CH. and J. KATZ, M.B., ER.C.S.E.

Johannesburg Non-European General Hospital and Departmenl of Surgery, University of Wilwatersrand

Green' mentions the use of a urinary fluorine assay (to
detect fluorine poisoning near a factory concerned with the
calcining of ironstone in Bedfordshire) in cases where possible
X-ray c:hanges are not yet present. Her method also is not
disclosed.

DlSCUSSIO

Diagnosis in this case must, therefore, depend on the clinical
features and the X-ray appearances. Essential radiological
features are osteosclerosis and calcification of the ligaments
and muscular attachments. In particular, the sacro-tuberous
and sacro-sciatic ligaments are affected.

Stevenson and WatsonlO maintained that they had not seen
this in any other condition. There are many diseases in
which osteosclerosis is a feature, such as marble bones,
osteoblastic neoplastic deposits etc. and there are many
different causes of ligamentous and muscular calcification,
but a disease state where both osteosclerosis and ligamentous
calcification are prominent features is recognised only in
fluoride intoxication, or, as Flemming Moller and
Gudjonsson7 pointed out, 'the changes are of a kind to which
no analogy can be found in any former roentgenological
experience'.

It is known that in rare cases generalized osteo c1erosi
may occur in renal failure, but without calcification of
ligamentous or muscular attachments. This patient presented
with transplantation of the ureters into the colop-, and chloride
retention with hyperchloraemic acidosis is known to occur
in these circumstances. However, normal sodium (142, 143,
139 mEq.), potassium (2' 9, 3· 5,- mEq.) and chlorine (I IS,
102, 106 mEq.) serum estimations were recorded on
3 occasions and a raised blood urea on only one occasion, viz
on admission, while dehydrated.

Shortt et al.4 point out that there are 3 degrees of involve
ment. In the first stage of increased bone density and ex-

It is 8 years since Duffy and Fitzgerald's important observa
tion that there might be some relatiqn between therapeutic
irradiation of the chest in infancy and childhood and the
subsequent development of cancer of the thyroid. l Since
then a number of reports have appeared confirming their
postulates. Stewart et aP found an increased incidence
of cancer, including leukaemia, in children whose mothers
had had X-ray examinations of the abdomen during preg
nancy. With evidence accumulating that carcinogenesis
may result from exposure to X-rays, we report a case of
papillary carcinoma of the thyroid in an African girl of
12 years developing 7 years after she had received irradiation
for a IYl11phosarcoma of the neck.

CASE REPORT

M.M. a 12-year-old Bantu girl was admitted to the Johannesburg
General Hospital on 9 January 1958 because of a swelling in the
region of the thyroid which had gradually been increasing in size
for 6 mo~ths (Fig. 1). Birth had been normal and' the patient
had been quite well until the age of 5, when she had developed
gene~zeo lymphadenopathy. A gland was biopsied at another
hospItal and the diagnosis of lymphoma was made.

aggerated trabeculation with medullary narrowing, the other
causes of osteo c1ero i will have to be differentiated. How
ever, once the ligamentous and muscular attachment calcify,
the disease enters the econd tage, in which our case fall .
The condition i progressi e, 0 that in the third tage the
trabecular tructure i completely hidden by the chalk-like
appearance which may extend to the kull and the metacarpal
and phalanges, which are u ually the last to be affected.

Because of the po sibility that the patient' drinking-water
may now contain a more normal fluoride content, it remain
to be seen whether this patient will end up in the next 10
years in the final stage of fluoride intoxication with complete
immobilization of the thorax. Breathing is then entirely
abdominal and the chest becomes barrel- haped and flattened
anteriorly. Spinal cord pres ure may also result from bony
encroachment, with loss of sphincter control. The patient
becomes bedridden but mental powers are preserved through-
out. .

SUMMARY

A case ofendemic fluorosis of bone, but without dental lesion ,
occurring in a young coloured woman resident in the Ceres
Sutherland area of the Cape Province is presented.

Thanks are due to the Medical Superintendent and the Head of
the Division of Surgery (pror. J. H. Louw) for permi ion to
record this case.
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The patient was hospitalized on 3 occasions between 1950 and
1952 and received irradiation to the following areas:

1950. Lateral aspect of neck: Right side, 2,000 r; left side
2,000 r; (field !Ox 8 cm.).

1951. Axilla: Right side, 2,000 r; left side, 2,000 r; (field 6x8
cm.).

1952. Submental region: 2,100 r (field 6x8 cm.).
In the intervening 6 yean the patient had developed normally,

both physically and mentally. Since the appearance of the thyroid
swelling her mother had noticed that the child had become tired
and lethargic. There was, however, no evidence in the history
of either hyper- or hypofunction of the thyroid. 0 dyspnoea,
dysphagia, cough, or voice change was recorded.

The patient was well developed. 0 clinical evidence of thyroid
dysfunction was noted. The skin of the anterior aspect of the
neck showed evidence of previous irradiation, with fibro is and
inability to extend the neck completely. The thyroid was easily
palpable, particularly the right lobe, which was diffusely enlarged
and contained a nodule t inch in diameter; there was no fixation
of the gland. The rest of the phy ical examination was not re
markable.

15 January 1958. Hb. 14·3 g.%, leucocytes 4,400 per c.mm.
. 36 %, L. 63· 5%, E. O· 5%), ESR 26 mm. per hour, modified

Ide test negative, serum protein-bound iodine 3 p.g. %, serum
lipids 1,278 mg. % (repeated, 804 mg. %). Liver function tests:
albumin 4· I g. %. g10buli n 4· 7 g. %, gamma globulin 2·95 g. %
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Fig. I.

thymol turbidity 8,5, thymol Rocculation +, alkaline phosphatase
31·4 K.A. units (repeated, 29'4), acid phosphatase 3·6 K.A.
units (repeated 3· I). X-ray of chest normal. Skeletal survey
normal.

A clinical diagnosi was made of thyroid carcinoma, and on
24 January a right hemithyroidectomy was performed (J. K.).
The deep cervical lymph glands were not enlarged.

Pathological Report. 'The removed lobe show numerous
nodules. some of which have a colloid appearance on section,
other showing firm white tumour tissue. 0 normal thyroid

Fig. 2.

ti sue i present. Sections of this lobe how the presence of a
papillary adenocarcinoma of the thyroid, which occupies most
of the lobe. Small islet only of iJ;lactive thyroid ti sue are present'
(Fig. 2).

The patient had a smooth post-operative cour e, and wa~

discharged on 30 January 1958.

DJSCUSSIO

Duffy and Fitzgerald' reported 28 cases of thyroid carcinoma
from the Memorial Ho pital in ew York in patient under
I year old. Of these, 10 had been irradiated over the
che t in infancy for ymptoms tbought to be due to an
enlarged thymus. The irradiation dose was not recorded.
The e worker cautiously ugge ted a cause-and-effect
relation hip between thymic irradiation and thyroid cancer.

Clark 3 reported 13 cases in which there was a history of
previous irradiation; 3 had been irradiated on the upper
chest for an enlarged thymus, 3 on the neck for cervical
adenitis, 5 on the head and neck for enlarged tonsils and
adenoids I on the face and anterior chest for sinusitis and
peribronchitis, and 1 on the anterior upper cbe t for per
tus is. CLark presented stati tics showing the increa ing
incidence of carcinoma of the thyroid in individuals under
15 year of age during the 50 years 1900-1950. This is corre
lated with the increasing use of X-irradiation in the treat
ment of benign conditions about the neck. He quotes Win-
hop,4 who found 8 <;a es of carcinoma of the thyroid in

the literature in individuals under 15 years of age during
the period 1900-1930, 34 cases in 1931-40, and 50 cases in
1941-51. Clark found that the interval between the irradia
tion and the development of cancer was 3-10 years, usually
6-9 years. A 'minimum carcinogenic dose' of 200 r wa
po tulated.

The first controlled study on this problem, by Simpson
et al.,. added further _evidence incriminating irradiation in
the aetiology of thyroid cancer in childhood. These worker
followed up 1,400 children who had received irradiation
to the thymus gland in infancy, and noted the development
of malignant neoplasia'in 17, including 6 cases or'carcinoma
of the thyroid (4 within 9 years of the time of irradiation
and 2 within 16 years) ilnd 7 cases of leukernia. All the
17 patients who developed malignancy had received an
irradiation dose of above 200 r to the chest. Follow-up
of 1,795 ibtings who had not rece~ved irradiation revealed
no cases of carcinoma of the thyroid.
'Duffy6 quotes Wilson and Asper,> who reviewed 37 patients

with thyroid cancer und~r the. age of 25, and found that
17 had been given therapeutic doses of X-rays in childhood,
4 of them for thymic enlargement.

The case we are recording received an irradiation dose
of 4,000 r about the neck, which is well above the so-Called
'minimum carcinogenic dose' of 200 r, and developed car
cinoma after an interval of 7 years. This brings the number
of cases recorded in the literature to 47.

PATHOLOGY

The case reported showed the histological pattern of a
papillary adenocarcinoma of the 'thyroid, which appeared
to be confined to the thyroid gland. Of the 3 reported series
of cases, Duffy et af.! and 'Simpsons do not record the
histological pattern of their cases. Clark's 13 cases 3 were
composed of (I) a papillary pattern in 4, (2) a follicular
pattern in 6, and (3) a nnixed papillary and follicular pattern
in the remaining 3. Thus all 13 of his cases fell into the
group of differentiated thyroid carcinoma, which has the best
prognosis. De pite this, however, in only I case was the
carcinoma limited to the thyroid gland. Metastatic deposits
occurred most frequently in the deep cervical glands and in
the lungs.

Biochemistry
Our patient consistently showed a raised serum alkaline

phosphatase. The significance of thi is not understood in
the absence of any obvious cause for an increase of the
enzyme Concentration in the erom. Skeletal survey failed
to reveal the presence of bony metastasis; whether the
raised concentration of alkaline pho phatase is an indica
tion of occult bony rnetasta i not at present <Iiscernible
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on X-rl.lY, is a question which will only be answered by
continu~d follow-up.

Pathogeflesis

Hall postulated two factors in thyroid carcinogene is,
viz.: (I) An initiating phase in which a carcinogen produce
latent tllmour cells, and (2) a promoting phase, mediated
via endogenous thyrotropic hormone (TSH), which cau es
the cells to develop into ~isible tumours. Doniach9- 11 ug
gested that irradiation may act as the initiating factor and
that subsequent growth and development of the thyroid
from infancy to puberty, may be the promoting factor.

An alternative postulate emerges from the work of Law on
et alP who showed that thymic ti sue could inactivate
TSH in vitro and, since TSH is known to play a part in the
development of experimental cancer of the thyroid, it is
conceivable that destruction of the thymus might in it elf
do something to provoke carcinoma of the thyroid by
increasing circulating TSH in the blood. It is difficult to
disprove this in humans, and present views are that the
high. incidence of thyroid cancer is due to irradiation of the
thyroid itself.

Whether there is a minimum carcinogenic do e of 200 r
is debatable; what is vastly more important is that the
administration of radiation during infancy and childhood
is extremely dangerous. By contrast the adult thyroid is
reasonably resistant to the development of radiation cancer.
Duffy' reports a series of 328 cases who had received X-ray
therapy for thyrotoxicosis more than 25 years previou Iy,
and of whom none developed thyroid cancer. Quimby
and Werner13 state that in the adult the possibility of late
malignant degeneration following roentgen therapy for
toxic goitre is negligable. It should, however, be note~

that 4 of their series developed carcinoma of other neck
structures (larynx, trachea and oesophagus) 20 years after
tbe X-ray therapy for thyrotoxicosis.

Duffy' in addition to advocating restriction of unnecessary
external irradiation also discourages the u e of tracer 1311

in infancy and childhood. The British Medical JOllrllal
in an editorial" point out that a do e of 1:11 re ulting in a
thyroidal uptake of 20 microcuries di tributed equally
throughout a IQ-g. gland would deliver 200 r to the thyroid.
Whil t thi would be fraught with danger in the child, the
effect on the adult thyroid i not nearly 0 hazardou . Radio
iodine was first u ed in the treatment of thyroto ico i in
1940 and ince that time report of more than 5,000 adult
patient treated with it have been publi hed, without a ingle
case of cancer of the thyroid definitely attributable to the
treatment.

SUMMARY

A ca e i reported of papillary carcinoma of the thyroid
in a girl of 12, following 7 years after irradiation to the neck'
the literature of the a ociation between irradiation to the
neck in children and the sub equent deveiopment of cancer
of the thyroid is reviewed. The po ible pathogenesi i
briefly con idered.

Mention i made of the dangers of radio-iodine a a
diagno tic tool in infancy and childhood in contrast to it
apparent afety in adult.

We wi h to thank ProL B. J. P. Becker and Or. M. D. E. Man
son, of the Department of Pathology, for the hi tological report ;
and Mr. A. E. Wi\kin on for the photographs. We wish to acknow
ledge particularly the advice and guidance of Dr. P. Keen in the
I2reparation of this article.
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OFFICIAL ANNOUNCEMENT : AMPTELIKE AANKONDIGING

RULES OF PROCEDURE : REELS V PROSEDURE

The following rules of procedure were made by the Federal Council
of the Medical Association of South Africa under the provisions
of Article 29tres· of its Articles of Association to govern en
quiries into complaints regarding the ethical and/or professional
conduct of individual Members of the Association.

1. It is contemplated that in conformity with and by virtue
of the provisions of Article 10 (c) each Branch and each Division
of the Association shall and will annually appoint an Ethical
Committee and that, where in the case of any Branch no such
Committee is appointed in anyone year, the Council of such
Branch shall act as the relative Ethical Committee for such year;
and similatly that, where in the case of any Division no such
Committee is appointed in anyone year. the Executive Com
mittee of ~uch Division shall act as its Ethical Committee for
such year.

2. In these Rules the expression 'Ethical Committee' shall
accordingly be deemed to refer to the Ethical Committee of a
Branch or ()f a Division, as the case may be; or, where, in the case
of any Branch, no such Committee has been appointed in anyone
year, the said expression shall be deemed to refer to the Council
of such Branch; and similarly, where in the case of any Division
no uch Committee has been appointed in anyone year, the

• This artiC:le was publisbed as an Official Announcement in the JOlU'nal;of
28 June 1958.

Die volgende reels van prosedure is deur die Federale Raad van
die Mediese Vereniging van Suid- frika opgestel ingevolge die
bepalings van Artikel 29tres· van sy Statute van Oprigting, vir
die ondersoek van klagtes insake die etiese en/of professionele
gedrag van individuele lede van die Vereniging.

1. Dit word beoog dat ooreenkomstig met en kragtens die
bepalings van Artikel 10 (c) elke tak en elke afdeling van oie
VereDiging elke jaar 'n etiese komitee moet en sal aanstel en dat,
waar in die geval van 'n tak sodanige komitee in enige jaar nie
aangewys is nie, die takraad van sodanige tall: as die betrokke
etiese komitee vir daardie jaar sal ageer; so ook dal, waar in die
geval van 'n afdeling sodanige komitee in enige jaar nie aangewys
is nie, dit uitvoerende komitee 'van sodanige afdeling as die etiese
komitee vir daardie jaar sal ageer.

2. GevolglilC sal die uitdrukking ,etiese komitee' in hierdie
reglemente beskou word om te verwys na die etiese komitee van
'0 tak of 'n afdeling, soos die geval mag wees; of, waar in die
geval van enige tak geen sodanige komitee in enige jaar aange
wys is nie, sal gemelde uitdrukking beskou word om te verwys
na die raad van sodanige tak; so oak, waar in die geval van 'n
afdeliog geen sodanige komitee in enige jaar aangewys is Die,
sal gemelde uitdrukking ,etiese komitee' beskou word om betrek
kiog te he op die uitvoerende komitee van sodanige afdeling.

va: ~"{:::e ~m~~1 is gepublisecr as amptelike aanhandiPni in die Tyd£krif


