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ABSTRACT

This article reviews the evidence for and against an increase in the incidence
of cancer after use of cobalt-chromium-molybdenum devices for treatment
of arthritis of the hip. Total hip replacement devices have been in common
use for several decades and their use has been tentatively and weakly
linked to changes in incidence of cancer, particularly haematopoietic
malignancy. The magnitude and hence clinical relevance of these changes
in cancer incidence remain largely unknown. Over the last decade metal
on-metal hip resurfacing devices, a new type of metal-on-metal prosthesis,
have become increasingly common, particularly in younger patient groups.
The new hip resurfacing devices are made of the same materials as total
hip replacement prostheses but generate more metallic wear particles.
These metallic wear particles have been shown to have carcinogenic
effects in-vitro and have been linked to increased rates of chromosomal
abnormalities in-vivo. The relevance of these links to clinical end-points
such as development of malignancy remains unknown. Analysis of long
term data such as national joint registries will be necessary to demonstrate
any changes in incidence of cancer
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AIMS

This article aims to review the scientific evidence for and against any
carcinogenic effects of the cobalt-chromium-molybdenum alloy used in
total hip replacement and in total hip resurfacing surgery. It also aims to
review any evidence for a different strength of carcinogenic effect given
the different designs and wear characteristics of total hip replacement
and hip resurfacing prostheses.

INTRODUCTION

Hip resurfacing with cobalt-chrome-molybdenum components has become
a common operation in patients considered likely to outlast a conventional

total hip replacement (THR). Chromium and cobalt are both known
carcinogens - this essay reviews the evidence regarding cancer developing
due to wear particles from cobalt-chromium-molybdenum hip resurfacing.

BACKGROUND

THR is an excellent treatment for hip arthritis in older patients but is
much less satisfactory in younger and more active patient groups.' This
younger patient group s likely to require revision of their joint replacement
during their lifetime, a difficult operation because bone in the upper femur
is lost due to the initial procedure and subsequent osteolysis. Hip resurfacing
preserves the femoral head and does not cause bone loss in the upper
femur2 Metal-on-metal hip resurfacing is accordingly targeted at younger
healthy patients who have a high chance of outliving a primary THR It is
used in patients with an average age of 48-52 years and patients have
been as young as seventeen years old.3> These younger patients are likely
to have a prosthesis in situ for decades.

Normal Hip

Hip Replacement Hip Resurfacing

Diagram showing outcome of hip replacement and resurfacing proceedures

Hip resurfacing is a surgical procedure in which a hemispherical shell is
placed on the femoral head and a matching shell inserted on the acetabular
surface. Resurfacing of the femoral-acetabular articulation is not a new
procedure. Procedures similar to current bone resurfacing have been
performed as early as 1948.6 Metal-on-metal hip resurfacing was abandoned
in the early 1970's as the results of cemented metal-on-polyethylene
components were superior at that stage.® Hip resurfacing was performed
using these cemented metal-polyethylene devices until it became clear
that there was an unacceptably high level of implant failure due to excessive
wear and osteolysis with loosening of the prosthesis.”-!0 Hip resurfacing
was abandoned and THR became the treatment of choice.

New hip resurfacing prostheses were designed. Improvements in bearing
design and surgical technique have led to improved short-term outcomes
from hip resurfacing procedures.!! The current range of resurfacing implants
make use of a metal-on-metal implant design, with a cobalt, chromium
and molybdenum alloy the only form currently in use.!2!3 Excellent short-
term results have been reported by various authors with similar patient
satisfaction to THR and few short-term complications.#>!41>Treacy et al
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of Birmingham reported a 98 per cent implant
survival at five years.3 Back et al of Melbourne
reported a 99.14 per cent implant survival after
a mean follow-up period of three years. Ninety-
seven per cent of their patients considered the
outcome to be good or excellent.> Pollard et
al reported a matched case-control study on
two groups of 54 hips, one treated with hip
resurfacing and the other treated with total hip
arthroplasty. Both groups had similar functional
scores at 5-7 years follow up and the hip
resurfacing patients had higher activity levels.
Long-term results, however, are not yet available.
This means that the effect of long-term exposure
to metallic debris is not known.

Metal wear and ion release

A metal-on-metal articulation inevitably generates
metallic debris. The patient's exposure to metal
ions varies depending on implant materials,
design, and implantation. Good implant design
and implantation minimizes the amount of wear,
but elevated serum levels of cobalt and
chromium have repeatedly been demonstrated
in patients with metal-on-metal bearings, in both
traditional THR and in hip resurfacing.!!'6-18

The amount of metallic debris formed is
influenced by several factors. There are differences
in wear rate between the initial wearing in of
an implant and the steady state reached after
a period of use. Linear annual wear in second
generation metal-on-metal THR has been shown
to be 25um in the first year falling to S5um after
the third year.!?20 Particle generation and wear
rate are elevated by increases in activity levels.2!
Size, shape, and composition of wear particles
are affected by the time a prosthesis is in situ.!3
The metal particles are released locally then
circulated in the blood stream before being
excreted by the kidneys. Elevated levels of these
ions have been found in autopsy specimens of
various organs including lymph nodes, liver and
spleen.22.23

Normal values for cobalt and chromium levels
vary depending on the method of analysis.
Serum levels of cobalt and chromium are
consistently elevated after metal-on-metal
prostheses are implanted. A study by Clark et
al found serum levels of cobalt and chromium
of 38 nmol/L and 53 nmol/L respectively after
metal-on-metal hip resurfacing and of 22 nmol/L
and 19 nmol/L respectively after 28 mm total
hip arthroplasty.'" In a prospective randomised
controlled trial of metal-on-metal THRs versus
metal-on-polyethylene THRs increases in metal
ion levels were significantly greater in the metal-
on-metal group than in the metal-on-
polyethylene group.2*

Graph one. Serum cobalt levels following surgery
and during followup. Note the initial rapid rise
in cobalt levels followed by a slight fall and
plateau at a level elevated above pre-operative
values.

Graph two. Summary of studies comparing levels
of cobalt and chromium in control groups
(“normal”) with levels of cobalt and chromium
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Graph 2: Proportional Increase in Metal Levels

Studies comparing ion levels in metal-on-metal with normal values
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in post surgical patients (metal-on-metal). This
graph illustrates the elevation of ion levels above
normal in post-surgical patients, and does not
differentiate between THR and hip resurfacing
procedures.

These results demonstrate that levels of cobalt
and chromium are raised after both THR and
hip resurfacing, and some suggest that levels of
ions are elevated significantly higher after hip
resurfacing. One recent study, however, showed
no difference in systemic levels of metal ions
between metal-on-metal hip replacements and
hip resurfacing.2>

Known and potential toxicity of metal ions

There are three principal sources of data
on the toxicity of cobalt and chromium:
(1) laboratory studies on cell cultures; (2)
experimental studies on laboratory animals,
and; (3) epidemiological studies in humans.
Human exposure to cobalt and chromium has
largely been studied from an industrial viewpoint.
In the industrial setting cobalt and chromium
exposure is principally by the inhalational route,
with additional dermal absorption while for
arthroplasty the initial exposure is localised to
the area surrounding the implant, and
subsequently, spreads to other organs via the
blood stream.
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Industrial exposure to chromium has been
shown to cause lung cancer in humans and
increased levels of chromium have been found
in breast cancer patients.2éInhalation of chromium
caused lung cancer in a rat model.?/ The different
route of administration in arthroplasty decreases
the likelihood of lung disease but the effect on
other tissues is largely unknown. Chromium has
been shown to be highly carcinogenic in the
chromium (VI) form but to have limited, if any,
carcinogenicity when administered in the
chromium (lIl) form.2829 The body has several
mechanisms for reducing chromium VI to
chromium lll. Ascorbate, glutathione, gastric
juices, alveolar cell extract, and epithelial-lining
fluid are able to reduce chromium VI to
chromium 11129 This reduction decreases the
mutagenic ability of chromium VI as measured
by the Ames reversion assay.2’ The mechanisms
of toxicity and carcinogenicity are only partially
understood but involve reduction of chromium
(V) to chromium (lll) resulting in DNA-
chromium (lIl) adducts.*°

Cobalt in large quantities is known to be
cardiotoxic in man and carcinogenic in animals.®
Cobalt has been shown in laboratory studies
to cause oxidative damage to DNA and interfere
with DNA repair processes.2¢ Localised injection
of cobalt has been shown to be associated with
development of musculoskeletal tumours in



animal models.3! There is no strong evide nce that cobalt is carcinogenic
in man.32

The effect of increased molybdenum ions is generally considered to be
minimal. There is minimal information existing on human toxicity of
molybdenum.33

Do the elevated ion levels cause cancer?

The evidence above shows that excessive chromium and cobalt are both
toxic and carcinogenic. Laboratory analysis has demonstrated elevation
of chromium and cobalt levels but it is not known how the elevated levels
of chromium and cobalt will affect hip resurfacing patients in the long
term. There have been contrasting studies showing changing rates of
haematological malignancies in THR patients.343>

The increased levels of cobalt and chromium are associated with various
abnormalities of the blood. In vitro testing of wear particles was unable
to show any toxic or mutagenic effects of cobalt-chromium-molybdenum
wear particles in bacterial or mammalian cell lines at tested concentrations.?8
Increased rates of chromosomal aberrations and aneuploidy in lymphocytes
have been found within two years of metal on metal hip arthroplasty.'®
This research demonstrated a fifty per cent increase in chromosomal
translocations and a 2-4 fold increase in aneuploidy within two years of
metal-on-metal hip resurfacing. Similar findings have been shown in vitro.3¢
A correlation has been shown between levels of molybdenum in the
blood and chromosome translocations.'® This molybdenum-mutation
correlation appears to be unique in the literature as most studies on this
topic have only examined cobalt and/or chromium.

Immune dysfunction has been noted by various research groups but the
clinical relevance of their findings is unknown. A recent study compared
CDB8+ T-cell counts between metal-on-metal hip resurfacing patients and
metal-on-polyethylene hip replacement patients. Patients with metal-on
metal joints were found to have significantly reduced total lymphocyte
and CD8+ T-cell counts. Beyond a threshold of 5 ng/mL of total metal
(cobalt+chromium) no patients had a CD8+ count above 0.5 x 109/L37
This study showed a change in the bodies levels of white bloods cells
which correlated with levels of metal ions. Though not evidence of a direct
link with cancer it shows a deleterious effect of chromium and cobalt
wear particles on haematological function. Additionally, raised levels of
cobalt and chromium have been shown to lead to increased lymphocyte
reactivity to these metals.’® These changes have not been proven to cause
clinically significant increases in risk to patients.

Cobalt has been shown to cause sarcomas in laboratory animals. Despite
the large numbers of arthroplasties performed worldwide only twenty-
six sarcomas were reported in arthroplasty patients between 1984 and
2001.% Lucas et al reviewed these case reports and concluded there was
no causal link between arthroplasty and tumour development.The number
of sarcomas did not exceed expected numbers.

A single case report exists of a psoas mass which developed in a sixty-
one year old woman within two years of resurfacing arthroplasty. Excision
of the mass revealed lymphocytic aggregates, necrotic muscle, and undefined
areas of necrosis. Histology of synovium and psoas tendon revealed areas
of fibrous tissue with dense infiltration of lymphocytes, giant cells and
histiocytes. Extremely high levels of chromium and cobalt were found in
the excised tissue. This tissue was not found to be cancerous and was
thought to be due to a metal hypersensitivity reaction.0

Cohort studies

There is evidence showing that chromium and cobalt are human carcinogens
- but are the levels of these metals in hip resurfacing patients high enough
to cause cancer? National joint transplant registries are able to provide
information about long-term outcomes after hip surgery. Because of the
relatively short history of metal-on-metal hip resurfacing, long-term studies
to date have compared metal-on-metal THR and metal-on-polyethylene
THR with the normal values for the populations studied. Early studies
suggested a possible link between total hip joint replacement and

haematological malignancy.343> Gillespie et al found that the incidence of
tumours of the lymphatic and haemopoietic systems was significantly
greater, while incidence of cancer of the breast, colon, and rectum, was
significantly reduced. They also noted prolonged life expectancy in joint
recipients. The prolonged life expectancy is likely due to selection of
otherwise healthy patients for joint replacement surgery*! Visuri et al were
able to compare the standard population, metal-on-polyethylene recipients
and metal-on-metal recipients. They found a decreased odds ratio for
cancer (odds ratio 0.76, 95 % confidence limits 0.68-0.86) for the metal-
on-polyethylene group but no decrease in odds ratio in the metal-on-
metal group. The odds of leukaemia were 3.77 times higher in the metal-
on-metal group compared with the metal-on-polyethylene group. Leukaemia
was an uncommon outcome and this link did not reach statistical significance.
There was no obvious difference between the groups other than the type
of prosthesis implanted. This implies either metal-on-metal prostheses
increase risk of cancer or metal-on-polyethylene prostheses protect against
cancer. It also suggests a specific link between metal wear particles and
haematological cancer:

Nordic countries have excellent registry systems and many studies have
been published analysing long term outcomes of Nordic cohorts.4! Again
because metal-on-metal joint resurfacing has only been performed in
significant numbers over the last decade much of the information available
relates to metal-on-metal THRs.When joint registries for Nordic countries
were analysed there was no difference in overall cancer rates between
people with a McKee-Farrar metal-on-metal prosthesis and the general
population. A lower rate of cancer might have been expected given the
selection of patients for THR as shown by Visuri above.

These studies give information on broad trends but are lacking in statistical
power when studying uncommon outcomes due to the low number of
metal-on-metal arthroplasties performed in the early 1980’'s when registries
were started. For example the latest published estimate for risk of
haematopoietic cancer was |.4 with confidence intervals of (0.7-2.5).4!
This was based on a meta-analysis of a combined cohort from Denmark
and Finland. This confidence interval leaves open the possibility that risk
of haematopoietic cancer is 2.5 times higher in patients with metal-on-
metal prostheses. Some subgroup analyses of the same registries have
shown a statistically significant increase in risk of haematopoietic cancer?

If the risk of haematopoietic cancer is found to be increased slightly after
metal-on-metal hip resurfacing would it change clinical practice? What
would the increase in absolute risk be if the relative risk of haematopoietic
cancer was shown to double after metal-on-metal hip resurfacing? Gillespie
et al estimated that the incidence of lymphoreticular neoplasm is 8.67 per
1000 over ten years.® If their figure of 8.67 lymporeticular neoplasms per
1000 people per ten years is accurate, a doubling of relative risk would
lead to an extra 8.67 patients per 1000 developing a lymporeticular
neoplasm. That means a less than one percent chance of developing an
avoidable lymphoreticular neoplasm within ten years for each patient.

Alternatives

Would a small increase in risk of haematological cancer be acceptable to
gain the known benefits of metal-on-metal hip resurfacing? The answer
to this question depends to a great extent on the patient and the alternative
treatments available. If metal-on-metal hip resurfacing was shown, for
example, to increase the risk of haematological cancer, as Gillespie et al
suggested, the procedure might well lose its attractiveness to patients in
their twenties while remaining acceptable to those in their early sixties.
Alternative bearing materials for hip resurfacing might eliminate the metal
wear particles while still having the bone conserving advantages of hip
resurfacing. There is unfortunately no other satisfactory material for a hip
resurfacing procedure currently available** and the alternative treatments
have their own problems. A THR with a metal-on-metal articulation is
likely to have similar complications to metal-on-metal hip resurfacing, as
well as the problems associated with all forms of THR. The bone removal
necessary in the initial THR and subsequent osteolysis makes revision
surgery difficult, along with other complications such as higher dislocation
rates. Alternative bearing materials for either THR or hip resurfacing could
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eliminate or reduce risk of cancer and other ill effects of metal on metal
hip resurfacing.

Other complications of chromium and cobalt ions

It is necessary to mention briefly other possible complications of chromium
and cobalt wear particles. Chromium has nephrotoxic effects and is known
to cause acute renal failure when given in extremely high doses.*> Long-
term industrial exposure to chromium has been shown to significantly
increase the odds ratio of developing chronic renal failure.*® Renal
impairment is a listed contraindication to metal-on-metal orthopaedic
procedures. Some patients develop a hypersensitivity reaction to the
metals which can lead to revision surgery384’ These issues also bear further
consideration in studies of the long term outcome of metal-on-metal hip
resurfacing.

Conclusion

Chromium and cobalt are released as wear particles after cobalt-chrome
alloys are implanted in the body. The large surface area metal-on-metal
bearings used in hip resurfacing may generate more metallic debris than
the small surface area metal-on-metal bearings used in hip replacement
surgery, though this point is being contended in the literature. There is a
significant body of research showing these metals can cause tumours in
laboratory animals, that they increase mutation rates in bacterial culture,
that they are mutagenic in mammalian tissue, that they cause chromosomal
abnormalities (aneuploidy and translocations) in human white blood cells,
and they are linked with other tumours (lung and breast) in humans. This
evidence makes an increased cancer risk after metal-on-metal resurfacing
procedures a real concern. These concerns are particularly relevant given
the average age of hip resurfacing patients is 48-52 and many patients are
aged below thirty years old.> The average patient will have an implant in
situ for 25-30 years and younger patients for fifty years or longer. There
is data indicating a possible link with haematological malignancies. This data
conversely shows a decreased rate of breast, colon, and rectum cancer
in patients treated with metal-on-metal devices. Osteoarthritis patients
are a selected group known to have better long-term survival than the
population as a whole. This selection may account for the lowered risk of
certain types of cancer.

Epidemiological studies have so far been unable to prove an increase in
the risk of cancer. Any analysis looking at cancer risk in metal-on-metal
patients must acknowledge this. However; it remains possible, perhaps
even likely, that metal-on-metal prostheses may increase the risk of cancen
Compared to the general population, cancer risk in metal-on-polyethylene
patients is lowered, but cancer risk in metal-on-metal patients is not
lowered. Long-term studies have only been able to examine metal-on-
metal THR information which is not necessarily equivalent to information
on metal-on-metal hip resurfacing. The information available suggests but
does not prove a link with cancer: Short-term studies of metal-on-metal
hip resurfacing have almost exclusively come from single centres. This
approach will not provide the numbers necessary to detect small changes
in cancer risk. Several countries including New Zealand operate national
joint registers. Meta-analysis of large cohorts such as these registers will
be the earliest way of detecting changes in the incidence of cancer after
metal-on-metal hip resurfacing.
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