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Abstract: Biological therapies are used extensively for malignant (eg, lymphoma) and
autoimmune (eg, rheumatoid arthritis) conditions. These agents include anti-tumor necrosis
factor antagonists, such as infliximab, and B-cell-depleting therapies, such as rituximab. In the
past decade, there has been an explosion in the types and numbers of agents being used. One
of the known risks with these agents is infection. In particular, there is increasing awareness
regarding latent virus reactivation. This occurs when a latent virus is reactivated into its active
replicative phase as a result of an internal or external trigger, such as immunosuppression. It
is challenging, however, to quantitatively attribute the risk of reactivation to biological therapy
alone because the underlying malignant or autoimmune condition could also be a contributing
factor. There is well documented evidence regarding the reactivation of viruses such as hepatitis
B virus and cytomegalovirus with drugs such as rituximab. Long-term data are lacking; such
data are essential to guide risk stratification and chemoprophylaxis. Universally accepted viral
screening guidelines prior to commencement of immunosuppression are lacking. As an example,
the US Centers for Disease Control and Prevention have published recommendations regarding
hepatitis B virus screening prior to commencing immunosuppression, but this action has not
translated into universally accepted guidelines. Some of the other relevant viruses involved
include cytomegalovirus, hepatitis C virus, varicella zoster virus, Epstein—Barr virus, and other
members of the herpes family. This article reviews the current literature on the risk of latent viral
reactivation with biological therapy, such as anti-tumor necrosis factor and anti-B-cell drugs,
with an emphasis on autoimmune conditions.
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Introduction
Biological therapies have become an important class of drugs for the treatment of
autoimmune conditions and malignancies.! A broad range of indications exist for
their use, including management of autoimmune conditions, malignancies, infectious
diseases, organ transplantation, and cardiovascular conditions.> A well recognized
complication of this class of drugs is reactivation of pathogenic viruses that may have
remained latent in the host following primary infection.® Reactivation occurs when
latent viruses switch to a lytic phase of replication.* This process may be triggered by
a combination of external or internal stimuli; in the case of biologic therapy, it occurs
as a result of immunosuppression.

The immune system, comprising innate and humoral components, can be activated by
inflammation, infection, and malignancy. Biologic agents target chemical signals of the
immune system in an attempt to halt the ongoing immune response. Examples include
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cytokines such as tumor necrosis factor-alpha (TNFo), B-cells,
and costimulation molecules. In this review, we limit our dis-
cussion to latent viral reactivation with the use of monoclonal
antibodies. Emphasis will be on the application to autoimmune
conditions with references to malignancies.

Literature search

A comprehensive literature search was conducted using the
PubMed database to identify publications written in English
during the period January 1990 to February 2014. We matched
the terms: “monoclonal antibodies”, “biologic therapy”,

EEINT3

“biologics”,

EEINT3

tumor necrosis factor antagonists”, “tumor

LRI

necrosis factor blockade”, “tumor necrosis factor inhibitors”,

EEINT3 CEINT3 99 ¢

“B-cell depletion”, “rituximab”, “infliximab”, “adalimumab”,

LEINT3

“alemtuzumab”, “etanercept”, and “abatacept” with the terms

<

“serious infections”,

EERNE3

virus infections”, “viral infection”,

“viral reactivation”, “latent viral reactivation”, “herpes virus”,

EEINT3

“autoimmune diseases”, “autoimmunity”, “hepatitis B virus”,
“hepatitis B virus reactivation”, “varicella zoster virus”, “cyto-
megalovirus”, “JC virus”, and “opportunistic infections”. We
included review articles, randomized controlled trials, and
case series. Biologic agents, not available for clinical use at

present, were excluded from the search criteria.

Use of monoclonal antibodies
in autoimmune diseases

Tumor necrosis factor antagonists

Biologic therapies have more specific biological targets than
conventional therapies.’ The biological therapeutic era essen-
tially arose as a result of hybridoma technology to generate
mouse monoclonal antibodies in 1975.° This technology
involves fusing specific antibody-producing B-lymphocytes
with a tumor in order to generate a specific monoclonal
antibody.® The US Food and Drug Administration approved
the first of these agents (muromonab) for use in humans
in 1986. Muromonab (OKT3) was the first monoclonal
antibody used to block T-cell function and prevent acute
rejection post-transplantation.® The initial drugs developed
were highly antigenic to humans because the antibodies
were entirely composed of mouse proteins. The immune sys-
tem subsequently produced antimurine protein antibodies,
which neutralized the beneficial effects of the monoclonal
antibody. Advances in molecular techniques allowed altera-
tions in genetic sequences, leading to development of the
first chimeric murine-human products, such as infliximab,
followed by humanized antibodies, such as daclizumab,
and eventually to human monoclonal antibodies, such as
adalimumab.’

Cytokines are polypeptides that have a crucial role in
mediating inflammation and immunity.® They play an impor-
tant homeostatic role in the complex interactions between
leukocytes, endothelial cells, and the coagulation-fibrinolytic
system; all of which are involved in inflammation.® The main
targets for monoclonal antibodies include inflammatory
cytokines and B-cells, both of which form essential elements
of the inflammatory process. The main cytokine targets in
the biological therapy industry include TNFa., interleukin
(IL)-1, and IL-6. B-cell depletion entails targeting CD-20,
CD-22, and CD-52 antigens. In all cases, immunogenicity
of the protein preparations can be problematic and will be
discussed later in this section.

Infliximab, a chimeric antibody with mouse and human
domains, was the first monoclonal antibody used for inflam-
matory bowel disease and gained approval from the US
Food and Drug Administration in 1998.° This agent binds
to both soluble and transmembrane/receptor-bound forms of
TNFa, preventing receptor binding and thus neutralizing the
biological activity of TNFa. With improved antibody bio-
technology, subsequent TNFo. antagonists with an increased
“human” protein component have been developed, thereby
addressing the issue of immunogenicity.! Adalimumab is a
fully humanized antibody, and certolizumab is again a fully
humanized antibody with a PEGylated component, which
results in a prolonged half-life. Golimumab is the latest
TNFo antagonist, and is a fully human immunoglobulin
(Ig)G1 TNF-specific antibody acting on both soluble and
membrane-bound TNFo.!? The latter three anti-TNF agents
are also indicated for use in rheumatologic conditions, such
as theumatoid arthritis. PEGylation of certolizumab extends
the half-life of the antibody, and cytotoxicity is also reduced
as a result of the missing Fc fragment.!!

Immunogenicity is the process by which monoclonal
antibody proteins provoke antibody formation.'? It occurs due
to the immune system detecting differences between native
and foreign proteins,'* and results in a significant proportion
of patients undergoing a loss of therapeutic response over
time and consequently disease relapse.'* These antibodies
can either bind or neutralize the monoclonal antibody, lead-
ing to altered pharmacokinetics or decreased efficacy of
the drug.!® This is more relevant with the older generation
monoclonal antibodies, such as infliximab (containing a vari-
able murine region, thought to be the antigenic component),
but may still occur with the newer generation agents, such
as golimumab.'® Comedication with immunosuppressive
agents such as methotrexate reduces the incidence of anti-
body formation.'* It has been confirmed (in clinical studies)
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that medications such as methotrexate extend the life-span
of the monoclonal antibody by reducing anti-drug antibody
formation.!* As mentioned above, immunogenicity can still
occur with the humanized monoclonal antibodies, such as
adalimumab. Bartelds et al designed a study to evaluate the
incidence of antibody formation against adalimumab and its
association with serum adalimumab concentrations as well
as clinical response.!” Anti-adalimumab antibodies were
detected in 17% of patients during 28 weeks of treatment;
those patients who had antibodies present had a worse
clinical outcome compared with those without antibodies
(P=0.0001)."7 Further, patients who were on concomitant
methotrexate had a lower incidence of anti-drug antibodies
(52% versus 84%, P=0.003).""

Infliximab was initially used for Crohn’s disease but its
use has now been extended to ulcerative colitis, rheumatoid
arthritis, ankylosing spondylitis, and psoriatic arthritis.
Adalimumab was initially approved for rheumatoid arthritis
but is now used for ankylosing spondylitis, Crohn’s dis-
ease, systemic juvenile idiopathic arthritis, and psoriasis.'®
Etanercept (human dimeric fusion protein), another TNFo
antagonist, is indicated in rheumatologic conditions, such as
rheumatoid arthritis, juvenile idiopathic arthritis, psoriatic
arthritis, and ankylosing spondylitis.'® Certolizumab has been
approved for active rheumatoid arthritis whilst golimumab
has been approved for rheumatoid arthritis, ankylosing
spondylitis, and psoriatic arthritis.?

Other cytokine inhibitors

IL-6 and IL-1 induce the production of acute phase reactants
and are well known mediators of fever. This stimulates the
liver to produce peptides such as C-reactive protein and
serum amyloid protein A during the inflammatory process. In
addition to inflammation, IL-6 impacts other systems, includ-
ing bone metabolism, skeletal muscle physiology, and the
endocrine system. Tocilizumab is an IL-6 receptor blocker
used for rheumatoid arthritis, systemic juvenile idiopathic
arthritis, and Castleman’s disease.?!

IL-1 is another cytokine target, and examples of associ-
ated monoclonal antibodies include anakinra and rilonacept.’
Indications for the former include rheumatoid arthritis and
for the latter cryopyrin-associated periodic syndromes.

B-cell depletion therapies

B-cells have an integral role in autoimmune conditions, some
of which include costimulation of T-lymphocytes, antibody
production, and proinflammatory cytokine production.
Antibody production by B-cells is a normal physiological

process occurring after infection. In addition to this function,
B-cells have a crucial role as antigen-presenting cells.
Therapeutic monoclonal antibodies bind to cell surface
antigens, mainly CD 20, 22, and 52,' causing depletion of
these antibody-producing B-cells. Rituximab is a human
CD20-specific chimeric monoclonal antibody targeting both
naive, mature, and memory T-cells. The main indications for
use of rituximab include lymphoma and other autoimmune
conditions such as active rheumatic arthritis that may have
failed conventional disease-modifying medications and other
TNFa antagonists. Off-label indications include systemic
lupus erythematosus and Castleman’s disease.!

Epratuzumab is an IgG1 monoclonal antibody directed
against the CD22 surface antigen. The mechanism of action
is through inhibition of the B-cell receptor complex, thus
reducing the cell’s life-span.?> Alemtuzumab, a recombinant
humanized IgG1, is a monoclonal antibody directed against
the surface antigen CD52.% In addition to its application in
cancers, this monoclonal antibody is used in autoimmune
conditions such as multiple sclerosis.!

Viral reactivation

Viral replication is a complex process that relies significantly
on the host cell. During the “lytic phase™ the replicated viral
genome (RNA or DNA) is released from the host cell sur-
rounded by a protein shell which together form the virion.
This stage of the viral life cycle is called the lytic phase
because virion release from the host cell results in cell lysis.
The “latent phase”, as the term suggests, is the period during
which time the virus lays dormant.

More than 90% of the adult population has been exposed
to the herpes virus family consisting of cytomegalovirus
(CMV), Epstein—Barr virus (EBV), varicella zoster virus
(VZV), and herpes simplex virus (HSV). Following primary
infection, these viruses can reside in the host in the latent
phase of replication. VZV and HSV generally remain dor-
mant in the neural sensory ganglia whilst CMV and EBV
reside in hematopoietic cells.?® The polyomaviruses (John
Cunningham [JC] and BK viruses) and adenovirus are also
known to enter the latent phase of replication. Persistent
infection occurs when the virus is not eliminated follow-
ing primary infection and continues to replicate at a low
level without causing significant host cell damage, eg, with
hepatitis B virus (HBV).* Therefore, reactivation occurs when
the virus switches from the latent phase to the lytic phase
during which time the genome is transcribed and translated
into proteins. For this to happen, a stimulating trigger needs
to be present, such as immunosuppression. Please refer to
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Table 1 for a summary of biologic agents and their associated
viral reactivations.

The remainder of this review concentrates on the common
latent viruses that may reactivate with use of monoclonal
antibodies. It is difficult to attribute the increased risk of latent
viral reactivation to these drugs alone because the underlying
autoimmune condition may also contribute to the process
of reactivation and this is difficult to measure or quantify.
Despite this ongoing discussion, we present evidence that
supports the role of monoclonal antibodies contributing to
viral reactivation.

Hepatitis B virus

HBYV is an example of a virus that demonstrates features
of persistent infection. Recently, there has been increasing
awareness of reactivation with immunosuppression. It is
well known that HBV can be reactivated with high-dose
steroids and biological agents, such as rituximab.?’ This has
also been well documented in the setting of stem cell and
organ transplantation.?

There have been many reports of the use of TNF inhibitors
in HBV-positive patients. A variety of outcomes have been
described, ranging from viral clearance to fatal hepatitis.?
Patients on anti-TNF medications who did not receive anti-
viral therapy concurrently were found to have a higher con-
centration of aminotransferases and HBV loads, and many
developed hepatic dysfunction.?® A salient study by Esteve
et al reviewed the HBV status and outcome in 80 patients
with Crohn’s disease requiring infliximab infusions.” Three
patients with chronic HBV were identified, one of whom
suffered a severe viral reactivation and another patient died
as a result of reactivation. This was one of the first papers
to advocate HBV screening prior to infliximab treatment,
with initiation of appropriate chemoprophylaxis in those
at risk of reactivation.”” Shale et al found the higher risk

agents associated with HBV reactivation to be infliximab and
adalimumab as opposed to etanercept.? This would certainly
have more implications for clinicians managing inflammatory
bowel disease, in which these two biological medications are
the agents of choice. The time interval between commencing
anti-TNF agents and HBV reactivation varies significantly.?
In the majority of cases of HBV reactivation induced by
anti-TNF medications, the patients were hepatitis B surface
antigen (HBsAg)-positive. Lamivudine prophylaxis reduces
reactivation in patients with HBV infection concurrently
on anti-TNF agents.’® In 2008, the Centers for Disease
Control and Prevention published recommendations for
HBYV screening (with HbsAg, hepatitis B surface antibody
titer, and hepatitis B core antibody serology) in all patients
receiving immunosuppressive agents. This position has not
been accepted globally, with some organizations such as
the American Society of Clinical Oncology challenging the
necessity for testing for occult and past HBV infection in
patients receiving less potent immunosuppressive therapies.
Cases of HBV reactivation in patients on anti-TNF agents
with occult HBV infection (HbsAg-negative but detect-
able viral load) have been reported. Similarly, patients
with past HBV exposure (HbsAg-negative and hepatitis
B core antibody-positive with undetectable viral load) are
also at risk of viral reactivation.’ One possible pragmatic
approach would be to stratify the risk of past HBV infec-
tion by considering patient demographic characteristics
(eg, patient ethnicity) prior to deciding whether the full
HBYV serology panel (as above) is required prior to initiating
anti-TNF therapy. As a minimum, all patients should have
HBsAg and hepatitis B surface antibody titers checked prior
to commencing anti-TNF treatment.?

Rituximab is known to cause HBV reactivation in patients
who are HbsAg-positive as well as in those with past HBV
infection.* In addition to malignancies, rituximab is indicated

Table | Summary of common monoclonal antibodies used in autoimmune conditions

Drug Drug type Target Indications Viruses reactivated
Infliximab?* Chimeric (human-murine) TNFa CD, UC, RA, AS, PA HBY, CMV

Etanercept® Human dimeric fusion protein TNFo RA, AS, PA, JIA vzv

Adalimumab? Human antibody TNFo CD, RA, AS, PA, JIA CMV, VZV

Certolizumab' Humanized antibody TNFo. CD Unspecified

Rituximab? Chimeric (human-murine) CD20 NHL, RA HBV, VZV, HSV, CMV, PML
Alemtuzumab’ Humanized antibody CD52 MS, CLL, NHL VMV, HZH, VZV

Anakinra’ Nonglycosated IL-IR IL-1 receptor RA Unspecified

Abatacept’ Fusion protein T-cell costimulation inhibitor RA, JIA HSV, vZv

Abbreviations: CMV, cytomegalovirus; CD, Crohn’s disease; RA, rheumatoid arthritis; PA, psoriatic arthritis; JIA, juvenile idiopathic arthritis; UC, ulcerative colitis;
AS, ankylosing spondylitis; MS, multiple sclerosis; CLL, chronic lymphocytic leukemia; NHL, non-Hodgkin’s lymphoma; IL, interleukin; PML, progressive multifocal
leukoencephalopathy; VZV, varicella zoster virus; VMV, variola minor virus; HBV, hepatitis B virus; HZH, herpes zoster virus; HSV, herpes simplex virus; TNFao, tumor

necrosis factor alpha; IL-1R, IL-| receptor.
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in theumatoid arthritis refractory to anti-TNF medications.
Other off-label uses include cryoglobulinemia and systemic
lupus erythematosus.?® Rituximab is a potent immunosup-
pressant that diminishes the number of B-cells as well as
causing cellular dysfunction, hypogammaglobulinemia,
and an increased incidence of neutropenia.** Some of these
mechanisms may explain the contribution of rituximab to
HBYV reactivation. Rates of reactivation have been reported
in the range of 25%—-39%, with mortality rates approaching
50% in some reports.” Rituximab, along with intensive
chemotherapy, has also been shown to increase the risk of
HBYV reactivation in patients with past exposure to HBV
(HBsAg-negative and hepatitis B core antibody-positive).*

The precise magnitude of the increased risk of HBV reac-
tivation with rituximab is unclear; there is an apparent additive
effect when combined with cytotoxic chemotherapy regimens,
eg, CHOP (cyclophosphamide, hydroxydaunorubicin, vincris-
tine, and prednisone).* Yeo et al designed a study to compare
the HBV reactivation rate in patients on chemotherapy without
rituximab with those on chemotherapy with rituximab.*> Of
the initial 104 patients with diffuse large B-cell lymphoma
recruited, 80 were HbsAg-negative. Of these 80 patients, 25
were treated with CHOP-containing chemotherapy and none
had HBV reactivation. Twenty-one patients were treated with
rituximab and CHOP and five developed HBV reactivation,
with one patient dying due to hepatic failure (P=0.0148).% This
reinforces the clinical suspicion that rituximab therapy repre-
sents a high risk for HBV reactivation in patients with serologic
evidence of past HBV infection. For this reason, screening
for HBV is advisable before use of rituximab.?’ Please refer
to Table 2 for a summary of the main studies involved with
hepatitis B virus reactivation with biologic therapy.

Hepatitis C virus
There is no confirmatory evidence to suggest that TNF
antagonists increase the risk of hepatitis C virus (HCV)
reactivation. Studies have shown that levels of TNF are
elevated in HCV-positive patients, but the precise impact
on the clinical course of this disease remains uncertain.’
TNFo is known to influence HCV clearance and hepatitis
progression.’” Prescribing etanercept as adjuvant therapy
for 24 weeks with interferon and ribavarin has been shown
to improve the virologic response in patients with HCV
and to decrease the incidence of adverse effects associated
with interferon or ribavarin.’® Thus, overall, the literature
suggests that there is no known detrimental effect of giv-
ing TNF antagonists in HCV-positive patients. The long-
term effects of these medications in HCV-positive patients
are unknown and warrant further longitudinal studies.
The evidence for rituximab and its impact on HCV
is somewhat varied. This biological therapy is used pre-
dominantly for HCV-related vasculitis. A study by Saadoun
et al showed that when rituximab was combined with
PEGylated-interferon and ribavarin, it was a safe treatment
option with no adverse impact on HCV RNA and did not
lead to clinical deterioration.*® A Japanese study monitored
five HCV-positive patients with B-cell non-Hodgkin’s lym-
phoma undergoing treatment with R-CHOP (rituximab +
CHOP).* This treatment regimen was associated with
elevated HCV RNA levels, but not liver dysfunction.
The same group, 2 years later, published a multicenter,
retrospective study,*! in which R-CHOP in HCV-positive
patients was again associated with increased HCV RNA
levels (P=0.06); 27% of patients who received R-CHOP
had evidence of severe hepatic toxicity compared with

Table 2 Studies of high-risk viral reactivation with monoclonal antibody therapy

Reference Year Country Number Monoclonal Design Virus Reactivation
studied antibodies involved involved
Roux et al® 2006 France 6 Anti-TNF Retrospective study HBV Negative
Esteve et al”® 2004 Spain 3 Anti-TNF Prospective study HBV Positive
Aksoy et al*’ 2007 Turkey 64 B-cell depletion Case review HBV, CMV Positive
Wendling et al* 2008 France 9 Anti-TNF Retrospective study \7AY Positive
D’Ovidio et al* 2008 Italy 11 Anti-TNF Prospective study CMV Negative
Fukushima et al** 2009 Spain 48 B-cell depletion Retrospective and HBV Positive
prospective study
Loras et al®’ 2010 Spain 162 Anti-TNF Retrospective study HBV Positive
Cassano et al®® 2011 Italy 62 Anti-TNF Retrospective study HBV Negative
Tamori et al® 2011 Japan 50 Disease-modifying Prospective study HBV Positive
drugs and anti-TNF
Dong et al”® 2013 People’s 971 B-cell depletion Systematic review HBV Positive
Republic of and meta-analysis
China

Abbreviations: TNF, tumor necrosis factor; HBV, hepatitis B virus; CMV, cytomegalovirus; VZV, varicella zoster virus.
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3% in the group that did not receive this immunotherapy
(hazards ratio 14.72, 95% confidence interval 6.37-34.03;
P<0.01).* Therefore, monitoring of hepatic function and
HCYV RNA is advisable when prescribing rituximab in this
group of patients.?

Herpes viruses

As mentioned previously, the majority of the population has
been exposed to the viruses of this family, ie, CMV, VZV,
HSV-1, and EBV. Reactivation of these viruses is common
in transplant patients as well as other immunosuppressed
patients.*

Varicella zoster virus

Reactivation of VZV is recognized to occur with anti-TNF
therapy.#* VZV can also reactivate once anti-TNF therapy is
recommenced after a period of cessation.* Wendling et al con-
ducted a retrospective review showing that up to 3% of patients
who were receiving anti-TNF therapy underwent reactivation
of herpes zoster virus.* Infliximab and adalimumab were often
implicated. A prospective cohort study in Germany investi-
gated whether anti-TNF medications, as a group or individu-
ally, were related to higher rates of herpes zoster infections.*
They studied approximately 5,000 patients and found that
treatment with anti-TNF monoclonal antibodies was associ-
ated with an increased risk of herpes zoster reactivation.” The
risk was doubled with the use of infliximab and adalimumab
after adjustment for concomitant use of corticosteroids, with
an incidence of 11/1,000 patient-years for herpes zoster
with adalimumab and infliximab and 8.9/1,000 patient-years
with etanercept. In addition, 18% of the cases were multi-
dermatomal, 13% required hospitalization, and 5% had a
recurrence.? It has therefore been suggested that herpes zoster
infection in the setting of anti-TNF therapy may be more
severe.** In the setting of active infection, anti-TNF medi-
cations should be stopped until the vesicles resolve and then
recommenced in conjunction with antiviral medications.?
The immunization status of these patients should be checked
and the appropriate vaccinations given prior to commencing
anti-TNF since they are live vaccines and should not be given
concurrently with anti-TNF therapy.

Cytomegalovirus

There are considerable data regarding the association of
immunosuppression with CMV infection or disease, but less
information regarding biological therapy and reactivation of
this virus. Even though CMV infection is not an uncommon
cause of morbidity and mortality in immunosuppressed

patients, eg, post hematopoietic stem cell transplantation,
the role of TNFo antagonists in triggering reactivation
remains speculative.> D’Ovidio et al set out to answer this
question by evaluating the presence and severity of CMV
infection in infliximab-treated patients with inflammatory
bowel disease.*® Eleven patients with ileocolonic or colonic
disease and four patients with ulcerative colitis were evalu-
ated for active CMV infection by measurement of serum
pp65 antigenemia and measurement of CMV DNA from
colonic biopsies. All patients had been treated with inflix-
imab. Nine of the eleven patients were CM V-seropositive
and one patient had positive serum pp65 antigenemia. Three
patients had CMV DNA positivity on colonic biopsies.
Despite these results, active infection did not progress to
disease after administration of infliximab. This study con-
cluded that anti-TNF therapy does not impact on the clinical
course of CMV infection.* Rituximab in conjunction with
cytotoxic chemotherapy has been shown to increase the
risk of CMV reactivation.*”* In one retrospective study
of patients with non-Hodgkin’s lymphoma, the risk of
developing CMV infection after hematopoietic stem cell
transplantation was higher in the rituximab-treated group
than in a group not treated with this biological therapy
(17.6% versus 0%, P=0.045).

Alemtuzumab, a humanized anti-CD52 monoclonal anti-
body, has also been associated with a higher risk of CMV
disease in patients with hematologic malignancies,*-! but
this has not been studied thoroughly in the setting of auto-
immune disease per se.

Epstein—Barr virus
In over 90% of the population, EBV causes persistent latent
infection of B-lymphocytes.>? The potential role of anti-TNF
therapy in reactivation is related to the development of EBV-
related lymphoma. Even though it is suspected that there is
an overall increase in risk, this has not been supported by
substantial evidence.*® There have been documented cases
of EBV-related lymphoproliferative disorders with the use of
anti-TNF therapy.>* As the majority of EBV infections result
in latent infection, it is presumed that these lymphoprolifera-
tive disorders are due to viral reactivation rather than primary
infection. Interestingly, regression of lymphoma has been
observed following discontinuation of anti-TNF therapy.**
Conversely, a study reviewing approximately 6,000 patients on
anti-TNF therapy for rheumatoid arthritis found no increased
risk of lymphoma with this class of biological therapy.*
Following published literature with regard to lympho-
proliferative disease, Balandraud et al set out to monitor EBV
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load in rheumatoid arthritis patients on anti-TNF therapy
(infliximab or etanercept).>® Duration of follow-up ranged from
6 months to 5 years, and there was no significant change in
EBYV load over time as a consequence of these medications.>
It has been documented that a significant risk factor for sub-
sequent development of lymphoma is an EBV load of greater
than 1,000 copies/10° peripheral blood mononuclear cells.”’
Lavagna et al studied the effect of infliximab on reactivation
of several latent viruses in a Crohn’s disease population,® and
did not find that infliximab facilitated EBV replication. Other
studies, even though reporting an increased EBV level with
the use of infliximab, did not conclude that these levels were
high enough to be considered a risk for lymphoproliferative
disorders.

Herpes simplex virus

Despite case reports of herpes viral reactivation, there is no
evidence to suggest that anti-TNF therapy is a significant risk
factor for HSV reactivation. There have been case reports
of HSV esophagitis and herpetic encephalitis in the setting
of TNFo antagonists.*

Human papillomavirus

A study of women with inflammatory bowel disease on
infliximab as well as other immunosuppressant medication
found higher rates of cervical dysplasia secondary to papil-
lomavirus compared with controls (odds ratio 4.5, 0.05%
confidence interval 1.5-12.3).%° A subsequent study in an
inflammatory bowel disease population on immunosup-
pression including infliximab did not find a statistically
significant elevation in risk of cervical cancer and thus
papillomavirus.®! Despite the above findings, reactiva-
tion of papillomavirus with biologic therapy has not been
established.

Human herpesvirus-8

There has been documentation of human herpesvirus-8
reactivation in a prospective study of 60 patients with inflam-
matory bowel disease who were receiving infliximab.? There
have not been any further data to substantially support the
role of biological therapy in reactivation of this virus.

Polyomavirus

JC virus is known to cause progressive multifocal leukoen-
cephalopathy, a fatal central nervous system demyelinating
disease. This association became well known in patients with
multiple sclerosis who had received the integrin inhibitor,
natalizumab.®> Another biological agent associated with this

disease is efalizamab (used for psoriasis).®? Fleischmann pub-
lished a case report of a patient with rheumatoid arthritis on
rituximab who developed multifocal leukoencephalopathy.®?
Other studies have demonstrated the presence of JC virus
DNA in the blood whilst on biologic therapy but not fulminant
reactivation causing multifocal leukoencephalopathy.®+©
Like herpes zoster, JC virus remains in a latent phase and
has been found in oligodendrocytes and astrocytes of the
human brain; reactivation of the transcriptional process of JC
virus may be the initial trigger in the lead-up to multifocal
leukoencephalopathy.®

Implications for disease
management and patient-specific

considerations

In the last 1015 years there have been dramatic advances in the
therapeutic options for autoimmune conditions and malignan-
cies. The current generation of biological therapies are more
target-specific, better tolerated, and often more efficacious than
the traditional immunosuppressive agents. However, caution
needs to be exercised by the clinician, because there are few
long-term data regarding the infectious complications using
these relatively new therapies. In addition, we are witnessing
an exponential increase in both the number of biological agents
and also the number of new-target therapies, eg, tofacitinib,
which is a Janus kinase inhibitor for ulcerative colitis.”! When
initiating biological therapy in patients, the clinician should
risk-stratify the patient for viral screening. Lifestyle factors,
such as intravenous drug use and ethnicity, will assist in deter-
mining which viruses to screen for prior to commencement.
This is the other future dilemma for the clinician, ie, screening
practices prior to instigating biologic therapy. Unfortunately,
there are no robust guidelines for viral screening to guide
the clinician; the most abundant evidence exists for HBV
reactivation following immunosuppression.?”’ Factors to take
into consideration during pretherapy viral screening include
patient demographics and known risk factors, as well as the
current literature on biologic therapy and known associated
infectious complications.

Conclusion and future directions

Latent viral reactivation is a complex process and an
increasingly relevant clinical issue with the growing use of
biological therapy. Latent viral reactivation occurs following
primary viral infection of the host and can be precipitated by
internal and external triggers, eg, immunosuppression. The
virus transitions from the latent phase to a lytic phase of the
viral lifecycle, during which time the genome is transcribed
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and translated into proteins. Much of the current literature is
based on early generation biological therapies, and with the
advent of newer therapies, it is necessary to collect short-
term and long-term data. HBV reactivation with immunosup-
pression, as an example, has been extensively studied and
it would be helpful to study other viruses in similar depth.
Guidelines similar to that for HBV screening are necessary
for other relevant viruses, as discussed above, eg, CMV in
the setting of biological therapy. This will only be possible
upon publication of high quality evidence that is yet awaited.
Long-term outcomes of latent viral reactivation with differ-
ent classes of biological therapy are essential to help with
clinical decisions and patient counseling, with informed
consent regarding latent viral reactivation prior to starting
immunosuppression being paramount. This continues to be
a fascinating and evolving area of science that is becoming
an increasingly important issue for the clinician.
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