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Abstract

Purpose—To critically assess potentially carcinogenic effects of immunosuppressive therapy in
the ocular inflammation setting

Design—~Focused evidence assessment.

Methods—Relevant publications were identified by MEDLINE and EMBASE queries and
reference list searches.

Results—Extrapolation from transplant, rheumatology, skin disease and inflammatory bowel
disease cohorts to the ocular inflammation setting suggest that: 1) alkylating agents increase
hematologic malignancy risk and cyclophosphamide increases bladder cancer risk, but less so with
<18 months’ duration of therapy and hydration respectively; 2) calcineurin inhibitors and
azathioprine probably do not increase total cancer risk to a detectable degree, except perhaps some
other risk factors (uncommon in ocular inflammation patients) might interact with the former to raise
risk; 3) Tumor Necrosis Factor (TNF) inhibitors may accelerate diagnosis of cancer in the first 612
months, but probably do not increase long-term cancer risk; and 4) changes in risk with methotrexate,
mycophenolate mofetil, and daclizumab appear negligible although non-transplant data are limited
for the latter agents. Immunosuppression in general may increase skin cancer risk in a sun-exposure
dependent manner.

Conclusion—Use of alkylating agents for a limited duration seems justifiable for severe, vision-
threatening disease, but otherwise cancer risk may be a relevant constraint on use of this approach.
Antimetabolites, daclizumab, TNF-inhibitors, and calcineurin inhibitors probably do not increase
cancer risk to a degree that outweighs the expected benefits of therapy. Monitoring for skin cancer
may be useful for highly sun-exposed patients. Data from ocular inflammation patients are needed
to confirm the conclusions made in this analysis by extrapolation.

Keywords

cancer; malignancy; methotrexate; azathioprine; cyclosporine; tacrolimus; cyclophosphamide;
chlorambucil; etanercept; infliximab; adalimumab; uveitis; scleritis; ocular inflammation

Management of ocular inflammatory diseases was revolutionized in the 1950’s when the
benefits of corticosteroid therapy were first reported.1 Unfortunately, in many of the most
severe cases—where long-term use of moderate to high doses of systemic corticosteroids
would be required to prevent vision loss—use of corticosteroids is constrained by substantial
toxicity. The need for less toxic, effective anti-inflammatory treatment inspired the use of
immunosuppressive drugs for ocular inflammatory diseases, beginning in the late 1970s. This
approach uses similar principles and agents to those which have been applied in the
rheumatology and organ transplantation settings for many years, fields from which we derive
much of our knowledge about the potential side effects of these agents.

Use of immunosuppressive therapy for inflammatory eye diseases has been advocated by an
expert panel2 in three settings: as corticosteroid-sparing therapy when disease can be controlled
with oral corticosteroids, but expected toxicity is high at the dose required; for inflammation
recalcitrant to oral corticosteroids; and for management of specific diseases expected to fare
poorly with lower levels of therapy. The immunosuppressive agents most commonly used for
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treatment of ocular inflammation include the antimetabolites azathioprine, methotrexate, and
mycophenolate mofetil; the T-cell inhibitors cyclosporine and tacrolimus; and the alkylating
agents chlorambucil and cyclophosphamide. “Biologics”—including monoclonal antibodies
directed at components of the immunologic system, soluble receptors, and cytokines such as
alpha interferon—also have been used to treat ocular inflammation in recent years. Thus far,
the tumor necrosis factor (TNF) inhibitors etanercept, infliximab, and adalimumab, and the
interleukin 2 (IL-2) inhibitor daclizumab are most commonly used. Use of alkylating agents
has been associated with a high rate of medication-free disease remission, whereas medication-
free remission is not a typical feature when ocular inflammatory disease is treated with
antimetabolites, T-cell inhibitors, TNF-inhibitors or daclizumab.

Each of these immunosuppressive agents has potential toxicities in the short run, which in most
instances can be overcome if recognized early using a program of surveillance for known
potential side effects.2 For most patients, an effective regimen that is tolerable over the
intermediate- to long-term can be identified and implemented.

Although general consensus exists in the ophthalmology community regarding the
effectiveness of immunosuppression for severe ocular inflammatory diseases, an important
unresolved concern is whether some of these agents may increase the risk of cancer—and
therefore mortality. The extent of risk of cancer or of death from cancer with such treatment
has a large influence on the risk-benefit analysis considered prior to using these medications.
Uncertainty regarding possible risks has led to substantial variability in clinical practices. The
primary goal of this Perspective is to synthesize the available information on the putative long-
term risks of malignancy with immunosuppressive therapy—primarily available from non-
ocular disease cohorts—and to apply it to the eye diseases setting.

Potential Mechanisms of Carcinogenesis Related to Immunosuppression

Potential mechanisms by which immunosuppressants could promote cancer include: 1)
interruption of immune surveillance for and destruction of malignant cells; 2) increased
susceptibility to infection with oncogenic agents; 3) pharmacologic effects on DNA (alkylating
agents) or DNA metabolism (antimetabolites); and 4) specific effects on the immune system,
which could increase (or decrease) the chances of a transformed cell surviving and
proliferating.

Because carcinogenesis often requires several years, longer than the duration of follow-up in
most clinical trials, evaluation of data on complications of immunosuppression requires making
inferences primarily from observational data. Established methods of inference for this setting
are summarized in Table 1.

Malignancies Related to Immunosuppression in General

Skin and Mucosal Cancers

The post-transplantation literature is replete with reports describing the occurrence of non-
melanoma skin cancers in immunosuppressed patients, particularly solid organ transplant
recipients. In contrast to the general population, squamous cell carcinoma of the skin occurs
more commonly than basal cell carcinoma among transplant patients, with both occurring at
substantially elevated rates. The increase in skin cancer risk is reported to be 100-fold or greater
for squamous cell carcinoma,3+4 approximately 10-fold for basal cell carcinoma,# and several-
fold for mucosal cancers.3 Solar-induced mutations,? presumably amplified by
immunosuppression-induced reduction in tumor surveillance, play an important role. Primarily
sun-exposed skin and mucosa are affected, and the risk of squamous carcinoma is several-fold
higher closer to the equator. Increased susceptibility or altered response to viral infection also
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appears to be an important contributor. Human papillomavirus (HPV) genomes, predominantly
viral subtypes associated with a high risk of cervical cancer, are present in the majority of
squamous cell carcinomas of the skin in immunosuppressed transplant patients. 6 Significantly
increased risk of squamous cell cancers of the skin with increasing duration of
immunosuppression has been observed, providing a dose-response relationship between
immunosuppression and the risk of skin cancer.

In the rheumatology literature, reports of increased squamous cell carcinoma risk also exist,

but the extent of increased risk does not appear to be as dramatic as that reported in transplant
patients, and several studies have found no increased risk. The difference in the extent of risk
is likely related to the uniquely high risk of cancer among transplant patients, discussed 7below.

Few reports of regression of skin cancer following cessation of immunosuppression exist. The
clinical behavior of these skin cancers is more aggressive than among non-immunosuppressed
patients, although successful treatment is usually possible with early detection.

Post-transplant Lymphoproliferative Disorder

Excess risk of lymphoid proliferations and malignancies (Post-Transplant
Lymphoproliferative Disorder (PTLD)) following months to several years of chronic
immunosuppression was first recognized in the late 1960s. PTLD is linked to Epstein-Barr
virus (EBV) infection in 80-90% of cases; the role of EBV in pathogenesis is reviewed
elsewhere.® Non-Hodgkin’s lymphomas, which can be either mono- or polyclonal, are
included in the spectrum of disease. PTLD typically is the second most common neoplastic
condition occurring in transplant cohorts, after skin cancers. While both primary infection or
reactivation of latent infection have been reported to underlie this condition, primary infection
is associated with a more than 10-fold higher risk.9 Even though several considerations suggest
the development of PTLD is related to deficiency of T cell function, cases of lymphomas that
reverse with cessation of immunosuppressive therapy have been reported with nearly all of the
agents under consideration in this Perspective.

Over time, it has been recognized that cessation or reduction of immunosuppressive therapy
absent any other intervention is followed by regression of the tumors in a substantial number
of transplant patients with PTLD 0 put perhafs not the majority. 9,11 \while lesions that have
become monoclonal have a poorer prognosis,~< even some of these can regress with reduced
use of immunosuppression. 10 Inspection of the reports suggests that the proportion
developing PTLD during several years’ follow-up is probably in the 1-2% range. Because
approximately 30% of cases in transplant recipients have PTLD involvement in the
transplanted organ itself® and theories of path %enesis give substantial importance to chronic
antigenic stimulation by the transplanted graft, patients with local ocular inflammation
treated with immunosuppression probably have substantially lower risk of PTLD-like
conditions.

Therapy for PTLD has been discussed elsewhere.® Treatments that have been used or suggested
—when simple reduction of immunosuppression fails—include surgical resection and/or
radiation; antiviral therapy with ganciclovir or acyclovir; infusion of anti-B cell monoclonal
antibodies such as rituximab; interferon-alpha; and standard chemotherapy (reserved for a third
line approach).

Solid Tumors

Solid tumors probably do not occur with higher frequency with immunosuppression than in
the general population.14 However, higher than expected rates of recurrence of prior tumors
following transplantation/immunosuppression have been reported, leading to a
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recommendation for a two year waiting period between cancer treatment and transplantation
with its required use of immunosuppression.15 Not all agree with this recommendation, and
the clinician must take into account the potential risks of postponing immunosuppressive
therapy in making such a decision. However, a higher threshold for using immunosuppression
probably is warranted in patients recently diagnosed with cancer.

Risk of Malignancy Associated With Particular Immunosuppressive Agents

Alkylating agents

Among the immunosuppressive agents used in ocular inflammation, the most clear-cut
evidence for increased risk of malignancy is with alkylating agent therapy (Table 2).

Cyclophosphamide treatment of patients with cancer and rheumatoid arthritis has been
associated with substantialla/ increased rates of bladder cancer (as much as ?:O-fold),lfs‘19
leukemia, 20,21 lymphoma, 9 and skin malignancies,17:22 with some (but not all) studies
finding an increase in total malignancies.zzv 3 Bladder cancer risk was observed to be dose-
and/or duration dependent in several studies.17:22-24 For example, a study of 6,171 two-year
survivors of non-Hodgkin’s lymphoma found a statistically non-significant 2.4-fold increase
in the risk of bladder cancer observed with cumulative doses of less than 20 grams, and
significantly increased 6.0-and 14.5-fold increases in risk associated with cumulative dosages
of 20-49 grams and 50 or more grams respectively.24 An ocular inflammation patient receiving
150 mg/day for one year would receive a cumulative dose of cyclophosphamide exceeding 50
grams. A rodent model also has been developed in which cyclophosphamide causes bladder
cancer.

An increased risk of malignancy with cgclophosphamide therapy may not be evident until four
or more years following treatment.17+19,26 ope study projected that the risk of bladder cancer
was 5% at 10 years and 16% at 15 years.27 Several studies remark on an increased risk of
bladder cancer among smokers, suggesting risk may be especially high in this group of patients.
Patients receiving oral cyclophosphamide should be well-hydrated, to flush the metabolite
acrolein out of the bladder, a primary cause of the cystitis that occurs with this drug. Cystitis
inturnis associated with a substantially increased risk of bladder cancer.2’ Medical oncologists
frequently provide intravenous hydration along with pulses of cyclophosphamide for this
reason, an approach which is recommended in the eye diseases setting. Some have used mesna
for prophylaxis, but a randomized clinical trial suggests hydration is as effective as mesna.

8 Limited data from autoimmune diseases and even transplant cohorts are available for
chlorambucil, which is used primarily for medical oncology applications. One small study of
rheumatoid arthritis patients found that 8 of 39 patients developed cutaneous malignancy
(p=0.03), often multiple and recurrent.29 Chlorambucil treatment for patients with neoplastic
diseases has been associated with a substantially higher rate of secondary hematologic
malignancies.30‘32 Leukemia may be more frequent with chlorambucil than with
cyclophosphamide. It is noteworthy that most non-bladder cancers observed with these agents
typically are of the kinds seen with immunosuppression in general, rather than a broad spectrum
of cancers such as might be expected if induction of mutation is the prevailing oncogenic
mechanism.

T-cell inhibitors

The literature on T-cell inhibitors—particularly the calcineurin inhibitors cyclosporine and
tacrolimus—suggests carcinogenic effects among transplant patients, but does not support the
same conclusion in other cohorts. Several studies have proposed specific immune mechanisms
whereby cyclosporine specifically might promote carcinogenesis.33‘35 While two studies
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have suggested that cyclosporine may have genotoxic effects,36’37 most have thought that
cyclosporine does not affect DNA to an important degree.

Numerous reports of increased risk of neoplasia (especially skin cancers and PTLD) exist for
transplant patients treated with cyclosporine, but given the near universal use of cyclosporine
inthe transplant setting, it is difficult to separate the effect of cyclosporine and of the transplant..
However, a dose-dependent pattern in which the risk of malignancy was significantly lower
risk with lower than with higher doses of cyclosporine has been reported in two studies.39:
40 Also, in a renal transplant cohort, the risk of neoplasia (mostly skin cancers, PTLD, and
gastrointestinal cancers) was more than 50% lower when azathioprine had been used instead
of cyclosporine; furthermore, patients who changed from azathioprine to cyclosporine-based
regimes subsequently had higher cancer risk. 0

Limited information is available from inflammatory disease cohorts about cyclosporine and
cancer risk, but the available evidence seems to differ from the observations in transplant
cohorts. In a cohort study of several hundred rheumatoid arthritis patients—some taking part
in randomized trials and some not—cyclosporine (<5 mg/kg/day for relatively short periods
in most patients) was not associated with increased malignancy or mortality risk.41 patients
with psoriasis treated with cyclosporine have been observed to have an increased risk of
squamous cell carcinoma of the skin that increased with duration of cyclosporine therapy, and
also an increased risk of leukemia (only occurring in the short duration of therapy group, a
non-consistent observation) but not lymphoma. However, 95% of all non-melanoma skin
cancers in this group occurred following treatment with psoralen and ultraviolet A (PUVA),
42 suggesting that the effect of cyclosporine may have been indirect—increasing the risk of
PUVA therapy—rather than direct.

Data regarding tacrolimus are less extensive, and mostly involve comparisons to cyclosporine
in transplant cohorts. Four reports have suggested an increased risk of PTLD with tacrolimus
compared with cyclosporine."’S_46 One study comparing the risk of skin cancer in transplant
cohorts found lower rates with tacrolimus- than with cyclosporine-based immunosuppression,
47 and another found lower overall cancer (mostly skin cancer) incidence with tacrolimus,
whereas a third found no difference in total cancer risk.

Although not commonly used in ocular inflammation thus far, it is worth noting that sirolimus
has been reported to exert biological effects expected to inhibit immunosuppression-induced
neoplasia,50‘52 Transplant cohort data suggest 50% or lower risk of neoplasms when
sirolimus is used along with cyclosporine®* or when it is used to allow withdrawal of
cyclosporine.53

Antimetabolites

Although many papers have been written about potential carcinogenesis with antimetabolite
immunosuppressive therapy, the evidence in favor thereof is not strong, particularly outside
the transplant literature.

Azathioprine—Most studies of patients with rheumatoid arthritis or inflammatory bowel
disease receiving either conventional®*=>7 or high58 doses of azathioprine have observed no
significant difference in the risk of malignancy. A case-control study evaluating azathioprine
exposure in multiple sclerosis patients with and without cancer also found no association.®?
A review of the risk of PTLD-like conditions in patients with inflammatory bowel disease
treated with azathioprine or 6-mercaptopurine found that several hospital-based reports
reported an increased risk, but that a large population-based report—which should be
methodologically superior—did not.
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In contrast to inflammatory disease cohorts, azathioprine-treated transplant patients probably
do have an increased risk of malignancies compared to the general population. The incidence
of squamous cell carcinoma of the skin subsequent to azathioprine-corticosteroid treatment for
renal transplant has been reported as 37-fold higher (95% CI: 4.4-132) than in the general
population,61 and several transplant cohorts among whom azathioprine was frequently used
have reported substantially increased risk of lymphoid malignancies. This discrepancy from
non-transplant patients presumably reflects the unique transplant-immunosuppression
interaction described below. As mentioned previously, azathioprine-based transplant
immunosuppression regimens may be associated with a lower risk of cancer compared to
cyclosporine-based regimens.43

Methotrexate—Among the older immunosuppressants, methotrexate has the least evidence
in favor of an increased malignancy risk. Lack of increased cancer risk has been demonstrated
in several cohorts with a variety of diseases.8266 The main cluster of reports which might
reflect a real (but very small) increase in malignancy risk describe a PTLD-like condition.
Among hundreds of thousands or millions of rheumatoid arthritis patients who had taken
methotrexate by 1997, 23 cases of lymphomas—some reversible with discontinuation of
methotrexate—had been reported in the literature.67 However, an oustanding large
observational study following 19,591 patients over 89,710 person-years found no significant
increased risk of lymphoma with methotrexate amon% patients with rheumatoid arthritis
(standardized incidence rate=1.1, 95% ClI: 0.6, 2.0).6

Mycophenolate mofetil—As anewer drug, the literature on cancer risk with mycophenolate
mofetil (MMF) is less extensive than that for the agents previously discussed, but is favorable
—even though MMF is typically used in transplantation. Observational studies of MMF have
found significantly and substantially reduced risk of PTLD,13:43 improved survival of those
who did develop PTLD,43 and lower risk of malignancy in general6 10 with respect to
alternative regimens (including cyclosporine, tacrolimus, and/or azathioprine). A meta-
analysis of clinical trials comparing MMF vs azathioprine in renal transplantation found no
difference in the risk of overall malignancies or skin malignanci(-:‘s.71 On theoretical grounds,
MMF has potentially beneficial effects vis-a-vis the risk of malignancy.?z‘74

Tumor Necrosis Factor Inhibitors

The available evidence regarding cancer risk with tumor necrosis factor (TNF) inhibitors
derives primarily from rheumatic diseases and inflammatory bowel diseases cohorts, rather
than transplant cohorts, and hence is probably less biased vis-a-vis the ocular inflammation
setting than the agents for which primarily transplant data are available. Clinical data have
been mixed regarding possibly increased risk of malignancy.

Evidence in favor of an increased risk of cancer derives primarily from two reports based on
clinical trials data, with relatively short follow-up vis-a-vis the time needed for the process of
carcinogenesis, but with the superior design characteristic of randomized assignment of
therapy. A meta-analysis of 5014 patients with rheumatoid arthritis randomized either to anti-
TNF antibody therapy (adalimumab or infliximab) vs. placebo found an increased risk of
malignancies with the TNF inhibitors (pooled OR for malignancy=2.4 (95% ClI: 1.2-4.8).
5,7 Although it was noted by a correspondent that a meta-analysis which compared cancer
rates to those in the general population found no significant difference,’” the meta-analysts’
response that patients meeting screening criteria for clinical trials may have a better prognosis
than the general population and that as-randomized comparisons are the optimal approach for
ascertaining treatment effects in clinical trials have epidemiological merit. The second report
is from a randomized, controlled trial evaluating etanercept vs. placebo in addition to
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conventional therapy (including alkylating agents) for Wegener’s Granulomatosis, in which
an excess occurrence of solid tumors was observed (standardized incidence ratio 3.12, 95%
Cl: 1.15—6.80),78 suggesting a possible adverse interaction between alkylating agent and anti-
TNF therapies.

In contrast, seven large, excellent observational studies of tens of thousands of patients with
rheumatoid arthritis followed for many years have found no increased overall cancer risk
(]including solid tumors) with anti-TNF agents, with risk ratios close to 1 in every case.68:

9-85 One of these studies observed a decrease in total mortality of rheumatoid arthritis
patients with anti-TNF therapy (RR=0.65, 95% ClI: 0.46—0.93),82 and another study found no
increased risk of cancer fatalities.86 An eighth study of rheumatoid arthritis patients observed
a non-significant trend toward an increase in lymphoma (an excess of 26 cases per 10,000
person-years; adjusted RR=4.9, 95% CI: 0.9-26.2), but no increase in total cancer risk.87 One
of the studies finding no increase in overall cancer risk (OR=1.0, 95% CI: 0.8-1.2) did observe
a higher risk of non-melanoma skin cancer (OR=1.5, 95% CI: 1.2—1.8),85 the only statistically
significant result among scores of comparisons in these papers. Data from a Crohn’s disease
cohort also found no increased risk of neoplasia with anti-TNF agents (OR=1.33, 95% ClI:
0.46-3.84).88

Clinical data evaluating the risk of malignancies with daclizumab are sparse, but one excellent
meta-analysis of trial results found no increase in the risk of malignancy with daclizumab for
renal transplantation (RR=0.67, 95% CI: 0.33—1.36).89 Mechanistically, there is some
suggestion daclizumab actually may be an effective a treatment for T-cell leukemia
(particularly if tagged with a radioactive moiety), on the basis that the diseased T cells in
patients with several lymphoid malignancies express the IL-2 receptor alpha subunit, whereas
few normal cells express it.90

Discussion

The main limitation of this Perspective is the lack of data available from ocular inflammatory
diseases cohorts. The only such study available evaluated the risk of malignancy among 543
patients followed for a median of 1.34 years.91 While it is reassuring that this study found no
increase in cancer risk with the immunosuppressive agents used, only a several-fold difference
in risk could have been detected with the available study power, and carcinogenic effects
occurring after two years would have been missed. Further study of eye diseases cohorts with
sufficient follow-up time to evaluate the risk of cancer and its impact on survival is clearly
needed. Health utility studies evaluating ocular inflammation patients’ perspectives on how
cancer or other adverse events compare to blindness also may help inform decision-making,
particularly regarding the decision of whether to use alkylating agents. Studies of the potential
benefits of immunosuppression, such as possible reductions in the risk of cardiovascular
disease given the inflammatory aspect of atherosclerosis92 also would be valuable; the
potential benefits of immunosuppressive therapy are too frequently overlooked. Finally,
studies evaluating mortality risk in eye diseases patients treated with immunosuppressants,
which is the ultimate concern, are few, and would be of great value in interpreting the potential
adverse effects of these treatments.

Because of limited data from eye diseases cohorts, our analysis relies on reports from systemic
inflammatory disease and transplant cohorts. Transplant patients in particular have an
extremely high risk of malignancy, which does not appear to be entirely explained by the
intensity of immunosuppression used in the transplant setting, probably arising from chronic
antigenic stimulation by the graft and/or other factors.13 Immunosuppression may interact with
other cancer risk factors among transplant patients to multiply risk in a manner that probably
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does not occur—or occurs rarely—in patients with inflammatory eye disease. Results from
systemic autoimmune disease cohorts also may reflect a higher intrinsic risk of malignancy
than may pertain to eye diseases cohorts, but to a lesser degree than transplant cohorts. For
instance, rheumatoid arthritis itself also is associated with an approximate two-fold increased
risk of lymphoma, apart from any anti-inflammatory treatment. 8,93 Therefore, the risks
observed in these cohorts—particularly the transplant cohorts—probably overestimate the risk
of inflammatory eye diseases patients. Furthermore, lower risk may pertain in the eye diseases
setting because a lower intensity of immunosuppression often is used in eye diseases than in
systemic inflammatory disorders.2 Finally, publication bias is likely to lead to
disproportionately high reporting of malignancies in patients receiving immunosuppressive
agents in the literature. Because in most cases these biases would tend to reduce further an
already low estimate of malignancy risk, our evaluation of the malignancy risk associated with
immunosuppressive agents used in ophthalmology provides conclusions which are mostly
reassuring.

It is unclear whether the conclusions we have reached, derived nearly entirely from adult
research, are generalizable to children. In general, children have a low risk of cancer, any
carcinogenic effects that may exist to produce even smaller increases in absolute risk in the
pediatric population than in the adult population. Nevertheless, pediatric eye diseases data
would be needed to confirm this argument. Likewise, it is difficult to evaluate whether the risk
of cancer among patients who have underlying systemic diseases associated with their ocular
inflammation might be higher than those who appear to have isolated ocular inflammation
without data providing a direct comparison.

This analysis suggests some useful applications of other fields’ observations to the eye diseases
setting. The general observations about an increased risk of skin cancers in patients receiving
immunosuppression may warrant regular use of dermatologic examination in patients who are
receiving chronic immunosuppressive therapy for eye diseases, particularly for patients who
have received a high degree of solar irradiation in their lifetime, and have light-colored skin.
Counseling to avoid excessive sun exposure and smoking might be helpful. Cyclophosphamide
should perhaps be avoided when possible for smokers. It remains to be seen whether
vaccination against high risk HPV subtype594 will be valuable to prevent HPV-associated
squamous cell carcinoma. The potential reversibility of lymphomas in the setting of
immunosuppression should be recognized when the occasional patient develops a PTLD-like
lesion during immunosuppression. Based on the apparently ability of EBV to cause PTLD and
observations of increased severity of PTLD in the setting of primary infection with EBV,?
infectious mononucleosis may provide an indication for temporary interruption of
immunosuppressive therapy in the eye diseases setting. Finally, it may be appropriate to avoid
initiation of immunosuppressive therapy, if possible, in the early years following apparently
successful treatment of cancer, because of concerns that immunosuppression may promote
relapse. When such treatment is of high importance, use of immunosuppressive agents which
seem to have less impact in populations at elevated risk for cancer—such as methotrexate,
mycophenolate mofetil or daclizumab—may be prudent.

Evidence from the available literature about cancer risk in patients receiving the
immunosuppressants most commonly used for ocular inflammation does not indicate a level
of concern sufficient to make any of the agents contraindicated (see Table 2). The available
evidence suggests a clinically important increase in the risk of cancer with alkylating agent
therapy, which probably is applicable to the eye diseases setting to at least some extent.
However, with appropriate precautions such as limiting the cumulative dose (perhaps by
substituting an antimetabolite after 12—18 months when necessary) and using hydration (for
cyclophosphamide) the risk of cancer probably is not sufficient to outweigh the benefit of such
therapy if it is needed to control severe, vision-threatening disease and to induce long-term,
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medication-free remission in a high proportion of such cases. A risk-benefit analysis that
incorporated the severe impact of blindness would likely support the use of these agents in
appropriate settings. However, they should be used with caution in vision-threatening situations
where alternative immunosuppressive agents are unlikely to succeed or have failed.

Evidence for increased cancer risk is much more limited for calcineurin inhibitors,
azathioprine, and TNF-inhibitors. It is likely that there is no or little increase in the absolute
risk of cancer with these agents in an inflammatory eye diseases setting. For cyclosporine, there
exists persuasive evidence of an increased risk of cancer in transplant patients, less convincing
evidence of increased risk among psoriasis patients mostly treated with PUVA, and no evidence
of increased risk among rheumatoid arthritis patients. Data are limited to evaluate whether
tacrolimus and cyclosporine qualitatively differ, although they do not appear to in the transplant
setting. Calcineurin inhibotors may have permissive effects for cancer in a subset of patients
with strong risk factors (such as the present of a transplant or PUV A therapy); however, such
patients are likely to be even more rare in an eye diseases setting than the rheumatoid arthritis
setting, suggesting little if any increase in cancer risk for such patients. However, more data
on risk from non-transplant cohorts would be particularly helpful for calcineurin inhibitors,
because our conclusions rest on a small number of non-transplant studies. The available data
regarding sirolimus suggest it would have appeal as an immunosuppressive agent for eye
diseases if evidence emerges suggesting it is effective.

For azathioprine, cancer risk in the transplant setting also is supported, but may be less than
with calcineurin inhibitors. However, the lack of increased cancer risk in several rheumatologic
cohorts suggests that eye diseases patients are likewise unlikely to have increased cancer risk
with azathioprine.

The observation in randomized trials of an increased risk of cancer within 6 months of initiating
TNF-inhibitor treatment,75 combined with the consistent absence of any observed effect on
cancer risk in numerous large, high quality observational studies with several years of follow-
up suggest that TNF-inhibitors may allow pre-existing cancers to progress faster, but probably
not induce cancer. The largest observational study of these agents reported a trend toward
increased cancer risk at an early stage of follow-up,95 which after increased follow-up
converged to 1.0,68 which seems to support this theory.

In summary, the use of calcineurin inhibitors, azathioprine, and TNF-inhibitors in the eye
diseases setting can be viewed as warranted in situations with a moderate or greater risk of
vision loss, or where alternative treatments such as corticosteroids are likely to have adverse
systemic effects. The risk of cancer with these treatments is probably unaffected or increased
to a degree that is less important than the potential benefits of therapy.

Methotrexate, mycophenolate mofetil, and daclizumab have the least evidence to suggest
carcinogenicity among the agents used for inflammatory eye disease. The evidence supporting
non-carcinogenicity for methotrexate—other than exceptionally rare cases of PTLD-like
conditions—is particularly extensive. Given that the drug has been suggested to reduce
cardiovascular mortality among rheumatoid arthritis patients,96 there does not seem to be a
good reason to hesitate in using this agent for ocular inflammation based on the available
evidence. The evidence supporting an absence of carcinogenic effects for mycophenolate
mofetil and daclizumab is less ideal in its extent and/or generalizability, but there are theoretical
reasons to expect that these agents would be less likely to induce cancer than other
immunosuppressants, and a rationale exists that they might even prevent cancer. Furthermore,
available data suggest less carcinogenic effects with MMF than with calcineurin inhibitors in
the transplant setting—which may or may not be relevant in the eye diseases setting. Based on
the presently available information, cancer risk does not appear to have any important role in
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decision-making regardingthe use of methotrexate, mycophenolate mofetil, and daclizumab
for inflammatory eye diseases.
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