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Summary and conclusions

To evaluate the evidence for iron compounds as local
carcinogens in man, histological material and clinical
reports have been reviewed in seven of the eight published
cases of tumours developing at the site of intramuscular
injections. The microscopical appearances suggested
benign lesions in two cases and a variety of tumours in
the other five. In only two cases (a rhabdomyosarcoma
and a fibrosarcoma) was the interval between injections
and tumour development longer than six years. Of the
remaining three tumours, one was considered to be a
rather slowly growing haemangiopericytoma (with an
interval of two years), one appeared to be a subcutaneous
lymphoma with no evidence of having arisen in the
gluteal muscles, and one was a pleomorphic sarcoma with
a possible five-year interval. Sarcomas induced experi-
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Summary of 8 case reports of buttock sarcomas after intramuscular iron injections

Patient's Interval
Case Source age Compounds Injection after Original Opinion on Remarks
No and sex used sites injections diagnosis review

(years)

1 Robinson et all; 74 F Iron dextran Left deltoid 4 Undifferentiated Chronic inflammatory Case excluded
sarcoma lesion

2 F 73 F Jectofer* and Buttocks 6 Reticulum-cell Reticulum-cell Subcutaneous
iron sarcoma sarcoma lymphoma; no

MacKinnon and dextran tumour remaining
Bancewizc'7 at necropsy

3 25 F Iron dextran Buttocks 5 and 2 Pleomorphic Pleomorphic
(2 courses) sarcoma sarcoma

4 18 M Jectofer Buttock 2 Fibrosarcoma Haemangiopericytoma
or mesenchymal
chondrosarcoma

5 Greenberg 40 F Jectofer Not recorded 4 Liposarcoma Benign myxoma of Case excluded

6 IGrn35F Iron dextran Not recorded 13 Rhabdomyosarcoma Rhabdomyosarcoma
7 I 51 F "Iron" Buttock "Several Chondrosarcoma Not examined Case excluded

JF months"
8 Robertson and Dick' 35 F Iron dextran Buttocks 14 Fibrosarcoma Fibrosarcoma

*Iron sorbitol and citric acid complex.

mentally by iron compounds differ in being less variable
in type and in containing abundant iron-containing
macrophages, which were negligible in these human
tumours.
Although the total number of patients who have

received intramuscular injections of iron compounds is
not known, the present findings, in contrast to experi-
mental work, do not support the view that such treatment
carries a strong risk of tumour development.

Introduction

Injections of some iron compounds in rodents and rabbits are
associated with the development of sarcoma at the injection
sites.'-' These compounds have now been in clinical use for
more than 20 years, long enough for tumours to have become
apparent5 if these compounds are carcinogenic in man. There
have been sporadic case reports, all but one from the United
Kingdom, of tumours at previous injection sites.6-9 But whereas
the experimentally induced tumours have been of similar
appearance,'0 the human tumour types have varied considerably.
We have therefore reviewed the available material and case
reports to assess whether the tumours were indeed likely to have
been induced by iron injections.

Review of cases

Through the kindness of clinicians and pathologists we acquired
material from seven of the total of eight published cases, and further
clinical details about three of the patients (table).
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Case 1-A 74-year-old woman was reported to have developed an
anaplastic sarcoma of the left deltoid region four years after having
iron dextran injections at this site. The tumour appears to have been
cured by simple excision. In our opinion, however, the 54 sections we
received all showed the features of a diffuse chronic granulomatous
inflammation that included a number of large multinucleate cells,
similar to those occasionally seen in active repair processes"l-a
diagnosis supported by Willis'4 and Stout.'5 Moreover, the latent
period is remarkably short, and a sarcoma is rarely cured by simple
excision. A further report'6 even casts doubt on whether the patient
received iron dextran injections in the arm. We did not therefore
consider this case further.

Case 27-A 56-year-old woman who had received injections of
Jectofer (iron sorbitol and citric acid complex) and iron dextran in
each buttock alternately six years previously developed a reticulum-
cell sarcoma that appeared to involve the subcutaneous fat rather than
the gluteal muscles. We examined three stained sections and agreed
with the diagnosis of reticulum-cell sarcoma of subcutaneous tissue.
No muscle tissue was included. At necropsy there had been no
evidence of any remaining neoplastic growth, and we are therefore
somewhat doubtful whether the tumour had an intramuscular origin.

Case 37-A 25-year-old woman had received two courses of iron
dextran, in each buttock alternately, five years and two years before
presenting with a tumour of the right buttock, which was diagnosed
as a pleomorphic sarcoma. Radiotherapy produced little response
but the patient was still free from metastases a year later. We examined
six stained sections. They showed much cytological and nuclear
variation and a dense reticulin network. There were no features
suggesting a myosarcoma, chondrosarcoma, or liposarcoma, and we
agreed with the diagnosis of pleomorphic sarcoma, even though this
does not often remain stationary for as long as a year. An incubation
period of either two or five years is much shorter than that of sarcomas
with known incubation periods, such as postirradiation sarcomas of
bone and soft tissues.

Case 48-An 18-year-old man developed a tumour in the buttock
two years after a series of Jectofer (iron sorbitol and citric acid
complex) injections, presumably in the buttock or buttocks though
the site was not specified. We could obtain only a single stained
section. The histological appearance was unusual, crowded small,
round, or elongated cells, with variable nuclei and scanty cytoplasm,
being separated by wide vascular channels lined with endothelial
cells (see figure). These features suggested a haemangiopericytonma;
but we could not exclude the possibility of a mesenchymal chondro-
sarcoma,""12 though the section we examined did not show chondroid
differentiation. The features seemed most unlikely to be due to any
other type of neoplasm-certainly not a rapidly growing fibro-
sarcoma, as originally diagnosed. Both haemangiopericytomas and
chondrosarcomas grow slowly, and the tumour may therefore have
been present when the patient was having the intramuscular injections
of Jectofer. Young men rarely need intramuscular injections of iron
compounds, and there is no evidence that he had any other condition
that might have caused severe chronic iron-deficiency anaemia.

Case 58-On checking the records of this 40-year-old woman we
found that the tumour had arisen not in the buttock but in front of her
thigh, abutting on the rectus sheath. She had no history of injections

Case 4. Round and elongated cells separated by wide vascular channels,
suggesting haemangiopericytoma. (H and E. x 410.)
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at this site. Moreover, in our opinion the tumour was a benign
intramuscular myxoma. In the six stained sections and four paraffin
blocks we examined the mucoid stroma contained only sparse stellate
cells; and the absence of any crowding, lipoblasts, or abundant small
vessels made the diagnosis of a malignant tumour untenable.

Case 68-A 35-year-old woman developed a tumour in the right
buttock 13 years after receiving iron dextran injections at unspecified
sites. We examined 10 sections and six paraffin blocks, and agreed
with the original diagnosis of rhabdomyosarcoma.

Case 78-The interval of only a few months between injections and
tumour development makes this lesion irrelevant. For this reason we
did not ask for any material and excluded the case from further
consideration.

Case 89-A 35-year-old woman developed a tumour in the left
buttock 14 years after receiving one injection of iron dextran in her
right buttock and four injections in the left buttock. We examined
four stained sections and agreed with the original diagnosis of fibro-
sarcoma.

Discussion

Having eliminated three of the published cases, we are left
with five tumours affecting the buttocks that developed at
varying intervals after intramuscular injections of iron com-
pounds at this site. We have reservations about case 2, however,
as the tumour (a lymphoma) appeared to arise from the subcutis
rather than the gluteal muscles and is perhaps unlikely to have
been caused by the iron injections. In case 4, moreover, there
was too short an interval-only two years-between the injec-
tions and the appearance of what we considered to have been a
slowly growing tumour. Indeed, in only two cases (6 and 8)
were there latent periods near the range of 15-20 years that is
expected for sarcoma induction,'7 though five and six years
(cases 3 and 2) should probably be considered within the possible
incubation period.
How plausible then is a cause-and-effect relationship in the

three remaining cases ? Local sarcomas can be induced by
repeated injections of iron compounds in some animal species
-mice, rats, golden and Chinese hamsters, and rabbits,"' with
considerable variation in species susceptibility,2 19 but not
guinea-pigs'9 or squirrel monkeys."° 20) The tumours have been
fairly uniform, being interpreted as either fibrosarcomas or
histiocytic sarcomas. In the cases we have reviewed, however,
we could find no common histological pattern; we diagnosed
them as pleomorphic sarcoma, rhabdomyosarcoma, fibro-
sarcoma, and (if cases 2 and 4 are included) reticulum-cell
sarcoma and either haemangiopericytoma or mesenchymal
chondrosarcoma. Moreover, there has regularly been an
abundance of iron-containing macrophages in the experimental
tumours21 but none in these reported tumours.
A further difference is the dose of iron compounds. The

experimental tumours were induced by high doses, and the
numbers dropped sharply even when iron dextran was given at
more than 50 times the clinical dose (on the basis of body
weight)-in fact it sometimes produced fewer tumours than
had been reported after repeated injections of glucose, fructose,
arachis oil, and many other innocuous substances."" In the
case of a locally acting carcinogen, however, the carcinogenic
dose may not vary with body weight-the molecular concen-
tration at the site may be the determining factor.

Although the clinical and experimental evidence is not
conclusive a link between sarcomas of the buttock and intra-
muscular injections remains a possibility, and epidemiological
data need to be scrutinised. Before the introduction of intra-
muscular iron treatment in 1954 sarcomas of the buttock showed
an incidence of 60o,24 and 7, 25 of all soft-tissue sarcomas.
There is so far no evidence of an increase in buttock tumours.
The number of patients who have received injections of iron
compounds has not been computed, and because of their wide-
spread use it would be difficult to assess accurately. But 134
million doses were estimated to have been used in the first three
years,'6 40 million iron dextran injections to have been given to
3 million patients in 10 years,'7 and 100 million doses to have
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been given in 14 years (131 million of them during the first 31
years).28 Thus if iron compounds had any oncogenic properties
they would be expected to be apparent by now.

Nevertheless, the regular development of sarcomas in some
experimental animals raises the possibility of risk to other
species. As with all bioassays for carcinogenicity, until the
oncogenic mechanism has been defined and unless it is found
inapplicable to man, the carcinogenic potential of iron
compounds cannot be entirely discounted and must be
considered a hypothetical hazard of treatment. The lack of
epidemiological evidence, however, suggests that it is remote.
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Serum concentrations of 25-hydroxy vitamin D in
Europeans and Asians after oral vitamin D.
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Summary and conclusions

Serum concentrations of 25-hydroxy vitamin D (25-
OHD3) were measured in seven Asians of Indian extrac-
tion and eight Europeans before and at intervals after
taking 1 mg vitamin D3 by mouth. In all subjects the
concentrations rose in the 24 hours after ingestion. There
was little change over the next nine days in the concen-
trations in the Europeans but those in the Asians con-
tinued to rise until about day 10. Subsequent rates of fall
in 25-OHD3 were similar in the two groups.
Our observations suggest that the low serum concen-

trations of 25-OHD3 found in Asians are not caused by
either impaired intestinal absorption of vitamin D or
rapid clearance of 25-OHD3 from the plasma.

Introduction

Serum concentrations of 25-hydroxy vitamin D3 (25-OHD3) are
lower in Asian immigrants in Britain than in the indigenous
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white population, and although most Asians are asymptomatic,
the abnormal alkaline phosphatase and parathyroid hormone
concentrations suggest that many are deficient in vitamin D.1-4
Ignorance about diet has been considered to be contributory,2 5
though abnormally low concentrations have been found in
Asian hospital staff, many of whom eat the same food as their
English colleagues.4 Inadequate exposure to sunshine and
impaired synthesis from 7:dehydrocholesterol in the skin on
exposure to sunshine have also been suggested, though some-
what inconclusively.--' If skin synthesis is not the major factor
and the intake of vitamin D, is essentially similar in whites and
Asians2 4 58 then genetic differences in vitamin-D absorption or
metabolism may be responsible. We therefore measured the
serum concentrations of 25-OHD3 after vitamin D3 by mouth
in Asian and European subjects to determine possible differences
in handling.

Subjects and methods

All subjects were professional staff at this hospital. The Europeans
(five men aged 19-33 years, and three women) were randomly
selected from volunteers whose serum concentrations of 25-OHD3
were unknown. With one exception the Asian staff (five men, two
women) were invited to participate because their serum concentrations
were low.4 Blood samples were taken before and at intervals after
ingestion of 1 mg vitamin D3 in 300 ml milk one to two hours after
lunch in July 1976. Fewer samples were taken from the women than
the men. The subjects were asked only to avoid sunbathing and did
not take holidays within six weeks after taking the vitamin D.
The initial blood samples were assessed for calcium, albumin, and

alkaline phosphatase with the autoanalyser and for parathyroid
hormone by the method of Addison et al.9 No abnormalities were
found. 25-OHD3 was measured by Ellis and Dixon's method.10
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