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Abstract: The Human T-cell leukemia virus type 1 (HTLV-1), the first oncogenic human retrovirus,
causes adult T-cell leukemia/lymphoma (ATLL), an aggressive neoplasm of mature CD4+ T cells that
is incurable in most patients and is associated with a median survival of less than 1 year. HTLV-1
also causes inflammatory disorders, including HTLV-associated myelopathy/tropical spastic
paraparesis (HAM/TSP) and uveitis. The estimated lifetime risks of ATLL and HAM/TSP in HTLV-1
carriers are 3-5% and 0.25-1.8%, respectively. Although there is uncertainty about other health effects
of HTLV-1, a recent meta-analysis showed association between HTLV-1 and cardiovascular,
cerebrovascular, and metabolic diseases, and a 57% increased risk of early mortality, in HTLV-1
carriers, independent of ATLL or HAM/TSP. Furthermore, emerging studies in endemic areas show
that outcomes for common cancers, such as cervical cancer and lymphoma (non-ATLL) are inferior
in HTLV-1 carriers compared to publicly reported data. Thus, the public health impact of HTLV-1
may be greater and more diverse than currently understood and the full spectrum and prevalence of
HTLV-1-associated disorders need to be better investigated, in both endemic and non-endemic areas.
Furthermore, the mechanisms by which HTLV-1 functions as a disease driver or modifier need to be
studied. This review provides an outline of the prevalence and impact of HTLV-1 and associated
disorders in the US, focused on - but not limited to - ATLL, with emphasis on education gaps and
other social determinants of health that can affect the success of screening and prevention strategies,
especially in immigrant communities at risk. We also discuss mechanisms by which HTLV-1 drives
the pathogenesis of ATLL, and potential strategies for early diagnosis and intervention. Finally, we
conclude by suggesting approaches to design and implement community-informed research
initiatives in HTLV-1 and ATLL.
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Introduction

Human T-cell lymphotropic virus 1 (HTLV-1), a deltaretrovirus member of the Retroviridae
family, was identified by Rober Gallo and colleagues in 1980 as the only known oncogenic human
retrovirus [1,2]. Several HTLV subtypes have been discovered (HTLV-2, HTLV-3, and HTLV-4) but
only HTLV-1 has been definitively linked to human cancer. HTLV-1 causes adult T-cell
leukemia/lymphoma (ATLL), a highly aggressive and often incurable mature T-cell malignancy [3,4].
HTLV-1is also associated with non-neoplastic but highly debilitating chronic inflammatory diseases,
including HTLV-1 associated myelopathy/tropical spastic paresis (HAM/TSP) and uveitis [5-7].

HTLV-1 has a heterogeneous distribution worldwide, with higher seroprevalence rates in
Southwestern Japan, parts of South America, the Caribbean, the Middle East, Australo-Melanesia, as
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well as Western and sub-Saharan Africa [8-10]. It is estimated that 10 to 20 million individuals
worldwide are infected with HTLV-1 [11]. While the overall seroprevalence of HTLV-1 in the United
States, based on blood donor screening, is low (<1%), the estimated prevalence in the general US
population, and in particular in cities with large immigrant communities from endemic areas is
unknown, but likely higher [12-15].

Several horizontal and vertical modes of HTLV-1 transmission have been described, although
the relative frequency of each mode of transmission is not clearly established and the factors affecting
risk of transmission are not fully known [10]. Epidemiological data suggests that the most common
routes of transmission may differ in various populations and geographical areas. Sexual transmission
has been reported as common in Brazil, Central Australia, and in non-endemic areas. Transfusion of
HTLV-1 infected blood is a frequent mode of infection in countries where blood donors are not
screened, such as parts of Africa and South America. Needle sharing among drug users is a
recognized mode of horizontal transmission [16,17]. While horizontal transmission is the primary
method of viral spread in developing countries, vertical transmission through breastfeeding from an
infected mother used to predominate in Japan [18,19]. There is also a high risk of infection following
organ transplantation from an infected donor [20]. While sexual transmission and infection through
shared contaminated needles are well described in many American cities, often in the context of co-
infection with other viruses (HIV, HBV), the primary mode of transmission of HTLV-1 in the U.S. is
not known.

An important trait of HTLV-1 infection is the virus’s ability to persist as a latent provirus for
decades without causing clinical symptoms. Therefore, the majority of those infected remain
asymptomatic and unaware they have contracted the virus, thus contributing to viral transmission
and new infections. Over the course of their lifespan, however, approximately 5% and 0.25%-3.8% of
HTLV-1 seropositive individuals develop ATLL and HAM/TSP, respectively, with a magnitude of
risk that depends in part on the geographic location and other factors.

Although HTLV-1-associated human diseases are rare in the U.S., the estimated unmet medical
need and public health challenge they pose is very substantial. In more than 80% of cases ATLL is a
very aggressive malignancy with acute clinical presentation, multiorgan failure, and severe metabolic
abnormalities. Most patients are urgently admitted through the Emergency Department, requiring
intensive supportive care and immediate initiation of chemotherapy. While specific hospital
mortality rates for newly diagnosed aggressive ATLL are not readily available, the median survival
is less than 6 months, and the 4-year survival rate is about 10%.

Because in the U.S. HTLV-1 disproportionally affects communities of immigrants, with language
barriers, low socio-economic status, and limited access to health care, ATLL is rarely diagnosed
before it produces life-threatening complications. Even in the minority (~20%) of cases who have a
more indolent presentation, the disease eventually accelerates and transitions to a more aggressive
course. This unfavorable clinical landscape highlights the need for public health strategies to limit
viral spread, improve community awareness, and curtail the expansion of asymptomatic carriers but
these have been unevenly applied to this point [21].

Public health strategies, therefore, should target the prevention and early diagnosis of ATLL,
ideally through accurate risk assessment and quantification of risk. Given that higher proviral loads
are associated with greater transmission risks as compared to individuals with lower proviral loads,
it is consequential that these high-risk individuals are identified early on [22]. Once high-risk
individuals are identified, the next key steps would be to mitigate the avenues by which HTLV-1
transmission most often occurs, namely through mother-to-child transmission. Although for an
HTLV-1 infected mother, refraining from breastfeeding can prevent 87% of early-life infection, there
may be instances in which exclusive formula feeding is not feasible, affordable or sustainable [23]. In
such cases, a systemic review has found that short-term breastfeeding for up to only 3 months of
child’s life can be considered [23]. Other notable avenues of transmission include sexual transmission
and needle sharing with intravenous drug use [24]. These preventative measures would be a greater
undertaking, requiring major efforts to increase access to specialized care for accelerated diagnosis,
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treatment, and disease management through more efficient laboratory testing facilities and
community education. This should be especially implemented in rural areas, with higher prevalence
of HTLV-1, where geographic inaccessibility to healthcare is of serious concern [25].

Epidemiology of HTLV-1 Infection

As a virus with a multi-decade long latency period that is often asymptomatic, HTLV-1 presents
many challenges to epidemiologists. Currently, it is estimated that there are between 10 and 20
million individuals infected with HTLV-1, mostly in the endemic regions of Japan, Africa, Brazil, the
Caribbean, and Australia [11]. However, pervasive underreporting and fragmentary epidemiological
data have resulted in most studies being based in the first of these regions, largely neglecting the
other ones.

Japan

While both Australia and Japan are considered “developed” countries, HTLV-1 in the former is
predominantly concentrated in the rural, indigenous, and economically disadvantaged areas of
central Australia drawing a sharp contrast to the significant presence of the virus in the wealthy,
highly populated regions of Kyushu-Okinawa, Kinki, and Kanto in Japan [4,26]. However, the
uneven distribution of viral burden that is observed in all endemic areas seems to persist in Japan.
Mostly concentrated in these “pockets” of high HTLV-1 seroprevalence, an estimated 1.08 million
people were carriers of HTLV-1 in 2006-2007. An updated figure from 2016 held that the incidence of
the virus was approximately 3.8 per 100,000 person-years, along with around 4,000 new infections
yearlong among adults and adolescents [26]. The age at which an individual contracts HTLV-1 is
noteworthy; the average age at which ATLL develops is significantly higher in Japan than in other
endemic countries at 67.5 years old in 2010-2011 [26]. As a nation with a negative birth rate and an
increasingly aging population, contracting the virus during adolescence (as opposed to shortly after
birth through breastfeeding) may result in a later age of ATLL onset.

Despite the clear trend of HTLV-1 infection targeting vulnerable populations, of the 2,100 new
ATLL cases diagnosed globally in 2012, 71.4% of patients lived in developed countries, while the
remaining 28.6% lived in developing countries [26]. HTLV-1 infection is necessary but not sufficient
for oncogenesis in ATLL and several associated risk factors have been identified. For instance, the
epidemiological data from Japan demonstrates chronic immunosuppression is a driving risk factor
in ATLL development in developed countries [27,28]. Specifically, intensive and prolonged
immunosuppression in patients with renal or liver transplantation, Sjogren's syndrome, or
rheumatoid arthritis have been recognized as important pathogenetic factors in the transition from
an asymptomatic HTLV-1 carrier status to ATLL, as suggested by Yoshizumi et al. in the in-depth
analysis of Japanese cohorts [29]. Chronic parasitic infections, particularly those caused by S.
stercoralis, have also been implicated in progression to ATLL by inducing polyclonal expansion of
HTLV-1-infected CD4* T-lymphocytes [30]. As the lone country with HTLV-1 endemic to developed
areas, Japan will continue to serve as a model to improve on the currently incomplete knowledge of
risk factors of viral transmission and ATLL oncogenesis in developed countries.

Brazil

Currently, epidemiological studies focused on HTLV-1 prevalence in Brazil are primarily
focused on the burden of the virus on vulnerable groups, and on the development of non-ATLL
HTLV-1-associated diseases. With a current estimate of 800,000-2.5 million current HTLV-1 carriers
in Brazil, many seropositive individuals suffer from HAM/TSP, which can leave up to 50% of those
affected wheelchair bound, along with infective dermatitis, arthritis, keratoconjunctivitis, and several
pulmonary pathologies [9]. While ATLL has been well documented in Brazil, most research efforts
have been focused on the development of public health policies designed to slow the spread of the
virus by targeting the most common vectors of viral transmission. The implementation of these public
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mitigation strategies in a resource-constrained environment such as Brazil suggests that a
combination of community awareness, proper education, and relatively straightforward compliance
requirements may provide an actionable model for other low socioeconomic and vulnerable
communities especially at risk of greater HTLV-1 incidence [21].

HTLV-1 can be sexually transmitted and transmission of the virus, primarily from semen, has
been targeted as an important factor to control. Beyond barrier methods during sexual activity,
required screening tests for sperm donors and recipients of assisted reproduction, such as in vitro
fertilization and the addition of HTLV-1 seropositivity to exclusion criteria in sperm donation are
current measures in place to that seem to have curtailed the spread of HTLV-1 in Brazil. Furthermore,
complementary efforts for the screening of sexual contacts, regular counseling on HTLV-1, the
inclusion of HTLV-1 on sexually transmitted illness (STI) panels, and general awareness campaigns
are ideally suited to further limit the spread of the virus through sexual contact or genital fluids [21].

Current and proposed policies in Brazil have also been designed to mitigate the spread of HTLV-
1 transmission through parenteral means, as well as breastfeeding. As in Japan, solid organ
transplantation is a major vector of HTLV-1 transmission, with a reported staggering figure of a 100%
risk of infection upon receiving a solid organ transplant from an HTLV-1-positive donor along with
a 40% risk of developing HAM [31-33]. Since 1993, donated blood products in Brazil have been
screened for HTLV-1, with infection being considered an exclusion criterion. It has been widely
reported that HTLV-1 infection is increasingly prevalent among people who inject drugs (PWIDs)
[34]. In this context, it has been proposed that policies governing needle exchange programs, sterile
needle distribution, and safe disposal for used needles in areas with high injection drug use rates
may help curtail spread of HTLV-1 [21].

Beyond parenteral transmission, vertical mother-to-child transmission through breastfeeding
makes up 14.1% of total HTLV-1 cases in urban areas of Brazil. The situation is even more dire in
underserved rural indigenous populations, with a 30% rate of transmission in the Amazon region of
Brazil [35,36]. Following the identification of infected women, the current recommendations of the
Brazilian Ministry of Health include the cessation of breastfeeding, pharmaceutical therapy to stop
lactation, distribution of milk alternatives (such as formula), and antenatal screening during the first
trimester of pregnancy. Despite these initiatives, low-income women with a high proviral load (PVL)
in their blood and milk continue to be at the highest risk of spread. Longer periods of breastfeeding,
HLA concordance between mother and fetus, and coinfection with S. stercoralis serve as
compounding risk factors for mother-to-child spread [37].

On balance, the experience of endemic viral transmission in Brazil validates the premise that
HTLV-1 infection is a neglected disease that disproportionately affects neglected populations. Several
demographic subsets within Brazil were found to display the greatest vulnerability to HTLV-1-
associated morbidities and mortality, namely those of black or mixed ethnicities, of low socio-
economic status, of low education level, and of the female gender, especially those who are victims
of domestic and/or sexual violence, concepts that must remain at the forefront when considered
informed mitigation strategies in other at-risk groups [21,38].

Africa

Western, central, and southern Africa are endemic regions for HTLV-1. With a markedly
heterogeneous distribution, approximately 0.3-3% of the adult population are seropositive in these
highly endemic areas [9,39]. As has been noted in other areas, such as Japan, there are “clusters” of
high HTLV-1 seroprevalence with surrounding areas of little-to-no HTLV-1 burden. The prevalence
of HTLV-1 increases with age and is highest among women, with up to 6.8% and 7.7% seropositivity
in pregnant women living in west and central Africa, respectively [9,39,40]. Beyond infection in
pregnant women, HTLV-1 is particularly prevalent in blood donors in central Africa, making up to
6% of the donor population in East Gabon, for instance [9]. The dominant subtype of HTLV-1 also
greatly depends on region — HTLV-1A is seen most in west and north Africa, while HTLV-1B
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predominates in the center of the continent. The dominance of each subtype is quite pronounced in
each region — other minor subtypes are exceedingly rare [9].

A marked lack of access to resources has also been found to impact nearly every mode of viral
transmission. For example, the absence of standardized and systematic screening for HTLV-1 in
African blood banks has led to the spread of the virus in infected blood products to the point that the
risk of contracting the virus from transfusions rivals that of mother-to-child transmission [41]. In
addition, a lack of access to breast milk alternatives has allowed for an almost unchecked vertical
transmission of HTLV-1 in central Africa, with rates of transmission being as high as 22% in Gambia
and 25% in Guinea-Bissau [42,43].

Due to massive underreporting, the true incidence of ATLL and HAM/STP in endemic areas of
Africa remains unknown. There is a notable shortage of locally reported instances of these diseases —
most cases in African people are documented in medical returnees or immigrants in the United
Kingdom, France, and the United States. In addition, the reporting of ATLL is particularly deficient
due to its rarity and lack of awareness on the part of local clinicians, including hematologists.

As the largest area in which HTLV-1 is endemic, the African continent faces many difficulties in
both controlling the spread of the virus and documenting infection. Data concerned with the spread
of HTLV-1 in Africa remains fragmentary with very few large-scale, representative epidemiological
studies performed. As in Brazil, many HTLV-1 studies are performed based on serology without
confirmatory tests. Sub-Saharan Africa faces a unique problem due to the common finding of
indeterminate seroreactivity patterns in local populations, leading to difficult-to-interpret results or
even false positives [44]. The majority of studies were also performed on the at-risk populations of
blood donors and pregnant women [25]. The results of such studies are difficult to generalize to the
broader population. African populations are no exception in presenting the challenge of estimating
the overall prevalence of HTLV-1, as progressive changes in commonly used assays or the use of
entirely new assays altogether preclude the estimation of an interpretable and accurate figure of the
population currently carrying the virus. In sum, African epidemiological data are vastly incomplete,
and a widespread lack of access to resources of all kinds, from baby formula to proper diagnostic and
confirmatory tests, represents an immense obstacle to controlling and documenting the spread of the
virus.

United States

With few exceptions, very limited information is currently available about the distribution and
seroprevalence of HTLV-1 infection across the United States. Earlier studies suggested that areas with
larger proportions of immigrants from endemic areas, particularly the Caribbean, may be especially
at-risk for HTLV-1 infection. For instance, a study reported that the prevalence of HTLV-1 in central
Brooklyn was comparable to that of the Caribbean islands. A yearlong pilot study designed to
investigate the prevalence of ATLL in this community suggested that the annual incidence in African
Americans of Afro-Caribbean descent was around 3.2/100,000 person-years, with the prevalence in
females being higher than that of males at a 3:1 ratio [45]. Additional studies investigated the
prevalence of HTLV-1 infection and subsequent ATLL in immigrant populations in south Florida,
suggesting a unique prevalence in those of Caribbean descent, particular those from Haiti, Jamaica,
and the Bahamas [46]. ATLL in these US Afro-Caribbean patients often presents more aggressively
than in Japanese patient populations, despite the advent of modern therapies [47,48].

Aspects of the Biology of HTLV-1 Infection

As a positive-strand RNA retrovirus, HTLV-1 is categorized into several subtypes, labeled A-G.
The classifications of these subtypes depend on variations in the 3’ end long terminal repeat (LTR)
sequence [49]. The frequency of each subtype correlates greatly with geographic location. For
example, the HTLV-1C subtype is the most genetically distant from the others and predominates in
Australia, where it infects up to 30% of the nation’s indigenous population [9].
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All subtypes of HTLV-1 integrate their genome, through reverse transcription, into the host cell’s
genomic DNA, therefore causing life-long infection. There are two primary mechanisms of viral
propagation: the infectious and the mitotic pathways. The infectious pathway is the transmission of
HTLV-1 from infected to uninfected cells. The mitotic pathway is the expansion of HTLV-1-infected T-
cells that results from the replication of an HTLV-1-infected T-cell into two HTLV-1-infected
daughter T cells.

Although HTLV-1 can infect dendritic cells, B-cells, and macrophages, polyclonal expansion of
CD4+ T cells is the hallmark of infection [2]. The infectious pathway requires cell-to-cell contact
through virological synapses, cellular conduits, biofilm-like extracellular viral assemblies, and
extracellular vesicles [6,50,51]. The first two of these modalities resemble immunological synapses
containing center, peripheral, and distal supramolecular activation complexes (SMACs) to ensure a
secure conduit from one cell to another. HTLV-1 creates a similar controlled environment to pass
from antigen-presenting dendritic cells to T-cells [52].

HTLV-1’s genome also includes the genes gag, pro, pol, and env, which encode structural proteins
and functional enzymes that are conserved across all retroviruses [53]. Along with the accessory and
regulatory proteins p8§, p12, p13, and p30, the Tax and HBZ genes each play key roles in viral infection
(see below) [54,55].

Mechanisms of Oncogenesis and Immune Dysregulation in HTLV-1 Infection

In addition to its transforming role in mature T-cells, a critical complication of ATLL malignancy
secondary to HTLV-1 infection is profound immunosuppression, often leading to the development
of opportunistic infections (Ols). Many of the same Ols are found in other immunocompromised
patients, especially HIV/AIDS. These include Preumocystis jirovecii, aspergillosis, candidiasis, and
strongyloidiasis [56]. One of the primary mechanisms of immune suppression in ATLL occurs
through excessive cytokine production, resulting in chronic inflammation, persistent immune
stimulation, and eventual exhaustion of T-cells and natural killer (NK) cells [57]. The phenomenon of
immunological exhaustion is driven strongly by the viral Tax and HBZ genes by distinct yet
synergistic mechanisms.

As a highly immunogenic protein, Tax is expressed both transiently and in bursts, and persistent
Tax expression has been shown to lead to the generation of Tax-specific cytotoxic T-lymphocytes
(CTLs) that may play a role in limiting viral infection of other T cells. Periods of Tax expression result
in a marked increase of nuclear factor kappa B (NF-kB) expression in HTLV-1 infected cells,
stimulating the production of many immune-inflammatory cytokines [58-60]. In addition, NF-xB
activation has been implicated in immune cell proliferation and the upregulation of anti-apoptotic
gene products, further contributing to the transformation and aberrant survival of immortalization
of CD4* T-cells [61]. At the molecular level, Tax subverts the physiologic regulation of NF-«B,
consistently associating with and activating the inducible IkB kinase (IKK), leading to the
degradation of the endogenous inhibitor of NF-kB, IxBa, and resulting in sustained deregulated NF-
kB expression [62,63]. The persistent increase in NF-kB activation consequently leads to the
generation of the pro-inflammatory cytokines TNF-a, IL-2, and IL-6, which contribute immune
exhaustion [57]. In addition, Tax expression compounds the process of T cell exhaustion via excessive
upregulation of IL-2 receptors (IL2RA) and HLA Class II proteins [64]. These changes exaggerate a
state of chronic hyper-stimulation that ultimately creates tolerogenic antigen-presenting cells (APCs),
potentially leading to antigen-specific T-cell tolerance [64]. In addition to promoting the anergy of
antigen-presenting cells and contributing to T-cell exhaustion, HTLV-1 infection of CD4*
lymphocytes leads to their functional developmental transition to immunosuppressive T regulatory
cells (Treg). Although this process is driven predominantly by the effects of virally encoded HBZ, Tax
expression also results in the release of IL-10, a potent immunosuppressive cytokine that suppresses
T-cell proliferation and hampers the activity of macrophages [65].

Precisely pinpointing which of the several downstream effects of Tax expression led to the
oncogenesis of ATLL has been difficult to determine using in vivo syngeneic or transgenic mouse
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models (PMID: 37511495). In fact, across several experimental approaches, different tissue-specific
expression of Tax has not been associated with the onset of an ATLL-like disease, but rather a
spectrum of other tumors, both epithelial and hematopoietic, including mesenchymal tumors
emerging after Tax expression under the control of the CD3-¢ promoter [66].

Unlike Tax, the HBZ gene is expressed continuously in HTLV-1-infected T-lymphocytes. The
HBZ protein promotes the transcription of forkhead box protein 3 (FOXP3), the principal regulatory
transcription factor that confers a Treg phenotype to infected cells [67]. In addition, HBZ also causes
an increase in the expression of CCR4, a chemokine receptor that is also associated with Treg cells [68].
Beyond directing infected cells towards an immunosuppressive phenotype, HBZ has also been
proposed to inhibit the expression or function of immune inhibitory receptors such as Programmed
Cell Death-1 (PD-1) and T-Cell Immunoreceptor with Immunoglobulin and ITIM Domain (TIGIT),
leading to constitutive, deregulated TCR activation [69]. Analogous to the mechanisms of the Tax
protein, continuous TCR stimulation promotes proliferation of infected T-cells while also eventually
leading to exhaustion [69]. In current transgenic mouse models, HBZ expression under the control of
the granzyme B promoter has yielded T-cell ymphoma and systemic inflammation, results consistent
with the proposed oncogenic effects of HBZ in vivo [70].

Similar results were obtained in experiments using transformed ATLL cells [71]. Here, the
abnormally upregulated expression of costimulatory markers (CD99, CD28, CD278) and activation
markers (CD71, CD25, CD38), combined with increased expression of PD-L1, and the
immunosuppressive CD73 and CD39 surface proteins concurs to drive Tax-specific CTLs towards
anergy, effectively evading immune response [71].

The oncogenesis of ATLL also is believed to be driven by expression of Tax and HBZ oncogenic
factors. Tax serves to exploit a panoply of intracellular signaling and gene expression pathways as
illustrated above, while also contributing to clonal T-cell proliferation. As a highly immunogenic
protein, Tax is transiently expressed to avoid eliciting the generation of Tax-specific CD8* cytotoxic
T-lymphocytes. Tax is responsible for activating T-cells and driving proliferation, particularly
through its activation of the NF-«kB pathway [72]. Tax expression is highest during initial infection,
but due to its strong immunogenic features becomes silent in most HTLV-1 infections and Tax
expression is only expressed in 40% of ATLL cases [7,72]. HBZ is responsible for driving FOXP3
expression in naive T-cells as well as E2F1 and its targets to drive cell growth and T-cell differentiation
[7,8,10]. Given this, it has been speculated that ATLL may originate from Treg precursors and may be
able to suppress Theper lymphocytes and contribute to the opportunistic infections associated with
ATLL [12,13,15].

HTLV-1-Related Diseases

Adult T-Cell Leukemia/Lymphoma

ATLL is an aggressive mature T-cell neoplasm (MTCN) with substantial clinical heterogeneity. It
demonstrates a mature T-cell phenotype (CD3+, CD4+, CD8-, and CD25+) with abnormal, multi-
lobed nuclei (“flower cells”). It is a complication in about 3-5% of HTLV-1 cases [4]. Its distribution
correlates with the worldwide distribution of HTLV-1, with ATLL representing 25% of MTCNs in
Japan but only 1% in Europe [15]. It is a disease of adults, with a latency period of at least 20-30
years between initial infection with HTLV-1 and development of ATLL [10,14].

ATLL is divided into four subtypes by the Shimoyama criteria: chronic, smoldering, acute, and
lymphoma [73]. Acute and lymphoma subtypes represent aggressive disease while smoldering and
chronic favorable represent more indolent diseases. The clinical features of the disease are thus
dependent on the subtype, but typical presenting features include lymphadenopathy, circulating
abnormal lymphocytes with cerebriform nuclei, cutaneous lesions, hepatosplenomegaly,
hypercalcemia, and infections. Other infections observed are similar to those associated with AIDS
including Prneumocystis carinii, aspergillosis, candidiasis, cytomegalovirus pneumonia, S. stercoralis,
as well as two malignancies: Kaposi’s sarcoma and Epstein Barr virus (EBV)-associated B-cell
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lymphoma [74-76]. Prognosis is also dependent on subtype: aggressive ATLL confers poor overall
prognosis (median overall survival [mOS] 6-10 months) whereas indolent subtypes show mOS
around 2 years [77,78].

While observation is typically recommended for indolent disease, aggressive or symptomatic
disease is treated with multiagent chemotherapy. Most trials for ATLL therapy are out of Japan by
the Japanese Clinical Oncology Group (JCOG). The standard of care in Japan is sequential
vincristine, cyclophosphamide, doxorubicin, prednisone-doxorubicin, ranimustine, and prednisone-
vindesine, etoposide, carboplatin, prednisone (VCAP-AMP-VECP) after the JCOG 9801 phase III trial
showed superior mOS comparedto biweekly cyclophosphamide, vincristine, doxorubicin,
prednisone (CHOP-14) [79]. Regimens used in the US include dose adjusted etoposide, prednisolone,
vincristine, cyclophosphamide, doxorubicin (DA-EPOCH), hyper-fractionated cyclophosphamide,
vincristine, doxorubicin, dexamethasone (hyper-CVAD) given the increase in toxicity seen with
VCAP-AMP-VECP and lack of vindesine and ranimustine availability in the US [80,81]. An
alternative first line therapy is the combination of zidovudine and interferon alpha, with or without
combination chemotherapy. While no trials have been conducted comparing antivirals to
chemotherapy, a meta-analysis of 238 patients demonstrated first line antiviral to have mOS 17
months vs 10 months for chemotherapy (p = 0.004) [82]. When broken down by ATLL subtype,
chronic and smoldering ATLL showed a 100% 5-year survival for antivirals against 42% with
chemotherapy alone (p = 0.001) but showed significantly worse survival in lymphoma subtype with
5-year survival of 0% for antivirals against 18% for chemotherapy with or without maintenance
antivirals (p = 0.009). For elderly patients, CHOP-14 was combined with mogamulizumab, a
monoclonal antibody targeting CCR4, which was shown to have promising results in a phase II trial
with overall response rate (ORR) of 91.7% with a complete response rate (CR) of 64.6% [83].

Consolidation with allogeneic stem cell transplant remains a common treatment strategy for
aggressive subtypes of ATLL though there are unfortunately no prospective studies investigating its
utility. A nationwide retrospective study of Japan in 2010 demonstrated a 3-year OS of 33% for
transplant, but treatment-related mortality was as high as 43% [84]. This high treatment-related
mortality has been speculated to be due to the immune suppression innate to ATLL in combination
with the fact that it is a disease common in older adults. This high treatment-related mortality must
be weighed against a 2-year survival of 15-20% for patients with aggressive ATLL without transplant
[85].

Relapsed or primary refractory ATLL remains an unmet need. Treatment often consists of
single agent therapy. Agents that have been investigated include monoclonal antibodies
(mogamulizumab, alemtuzumab, daclizumab), bortezomib, and lenalidomide amongst others [86—
90]. One novel approach being studies in ATLL is a therapeutic vaccine. One such vaccine involves
autologous dendritic cells pulsed with Tax protein which showed promising results in a pilot trial of
3 patients [91]. Another vaccine involves a lentiviral vector targeted against viral Tax, HBZ, p12l, and
p30II proteins [92].

HTLV-1 Associated Myelopathy/Tropical Spastic Paresis

HAM/TSP is a chronic and progressive spastic paresis. HAM/TSP incidence varies by region
with estimates lower in Japanese patients (<1% lifetime risk) than Caribbean populations (~2%), while
also showing increased risk in women compared to men [93,94]. The pathophysiology is believed
to involve a bystander effect involving CD8+ cytotoxic T-cell destruction of CD4+ HTLV-1 infected
T-cells leading to demyelination of the central nervous system, particularly of the spinal cord [95,96].
Common symptoms include weakness of lower limbs with associated spasticity, paresthesias,
urinary incontinence, and sexual dysfunction [96-98]. Diagnosis involves typical neurological
symptoms with demonstration of HTLV-1 infection — HTLV-1 provirus and antibodies can be
isolated from the cerebrospinal fluid of patients [99].

High quality evidence guiding treatment is currently limited, with standard of care agents
including corticosteroids and interferon. The HAMLET-P trial was a placebo-controlled study
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looking at corticosteroids in the first line (rapid progressors were also randomized for 3-day
methylprednisolone pulse or not) and found no statistically significant difference between oral
prednisolone 0.5mg/kg with taper for their primary outcome of improvement of disability score [100],
Interferon-a has been approved for use in Japan, but long-term use rates are only ~3% and has been
associated with worsened outcomes — it is not approved for use in the US [101]. Other agents under
investigation include raltegravir (viral integrase inhibitor) and mogamulizumab which have shown
decreased viral load in early phase studies [102,103]. Ultimately further studies and more high-
quality evidence are required, and treatment options remain limited for this disease.

HTLV-1 Associated Uveitis

HTLV-1 associated uveitis (HU) is caused by HTLV-1 and is characterized by vision changes,
blurry vision, hyperemia, ocular pain, and photophobia. In Japan, it is estimated at a prevalence of
112.2 per 100,000 persons infected with HTLV-1 with a predilection for females [104]. It is a diagnosis
of exclusion, with patients demonstrating seropositivity for HTLV-1 and no other documented causes
of uveitis demonstrated. Pathogenesis is not fully elucidated, but aqueous humor demonstrates CD4+
T cells that demonstrate viral infection at rates higher compared to mononuclear cells in the blood,
and PCR has demonstrated HTLV-1 in the aqueous humor of infected individuals [105,106]. The
disease is thought to be driven by cytokine release (particularly IL-6 and TNF-a), rather than a clonal
process as T-cell receptor studies have demonstrated that the cells are polyclonal [106-108]. Given its
inflammatory etiology, treatment involves the use of both local (e.g. intravitreal) and systemic
steroids. Studies for specific treatments of HU are lacking and are an area of unmet need. In a
retrospective study of 28 affected eyes treated with injected and/or systemic steroids, only two had
decrease in vision [109].

Infective Dermatitis

HTLV-1 associated infective dermatitis (HAID) is the predominant manifestation of HTLV-1 in
children (average age of onset is around 2 years) in contrast to ATLL, HAM/TSP, and HU which affect
adults. It is seen most frequently in the Caribbean, particularly Jamaica, and Brazil with few cases
reported in other endemic areas such as Japan despite the virus” higher prevalence [110-112]. It is
associated with vertical transmission of HTLV-1, particularly through breast feeding. The disease
manifests as a relapsing/remitting, chronic eczematous rash with superinfection with Staphylococcus
aureus and/or group B  hemolytic Streptococcus. Other key features include
hypergammaglobulinemia, lymphadenopathy, lymphocytosis, and elevated CD4/CD8 ratio [110].
The condition is hypothesized to be driven by immunosuppression by HTLV-1
infection. Interestingly, compared to control subjects with atopic dermatitis where lesional T
lymphocytes demonstrate predominantly the Theiper phenotype, HAID biopsies demonstrate CD8+
lymphocytes that are perforin negative indicating inactive CD8+ T cells [113]. Treatment involves
prolonged course of antibiotics, classically with trimethoprim-sulfamethoxazole, and patients often
respond well though relapses upon discontinuation of antibiotics are common [111,114]. The
condition generally goes into remission as affected children age, typically around age 15 [111].

Non-HTLV-1 Associated Illnesses

The above conditions are all causally associated with HTLV-1, but there is a growing body of
literature suggesting that HTLV-1 infection can affect other disease processes. A recent meta-analysis
including case-control, cohort, and cross sectional studies from multiple countries including North
America, South America, Central America, Asia, Middle East, Africa, and Australia found a 56%
increase in all-cause mortality with strong evidence [115]. The study also noted weaker evidence for
increase in non-ATLL malignancies (cervical, gastric, other lymphomas), certain infections (including
Tuberculosis, genitourinary, and Strongyloidiasis), and inflammatory conditions (including
fibromyalgia, dermatitis, rheumatoid arthritis, and eczema) but the authors point out that the
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increase in these conditions is not sufficient to explain the degree of all-cause mortality, implying that
HTLV-1 is influencing survival in a way independent of increasing these pathologies. Notably,
patients with cervical cancer, breast cancer and non-ATLL, aggressive non-Hodgkin lymphomas
were shown in a retrospective study out of Peru to have lower 5-year OS rates (47%, 56%, and 30%
respectively) compared to historical outcomes (60%, 70%, and 40-50% respectively) [116]. While
there are many confounders in these retrospective studies, the established inflammatory milieu
created by the HTLV-1 infection has also been implicated in cardiovascular illness and HTLV-1
infection has been shown to be an independent risk factor in the development of arteriosclerosis [117].
Further research is needed to better understand the implication of HTLV-1 in other disease states and
the underpinnings of how it influences outcomes.

Conclusions and Future Directions

Since the initial isolation of HTLV-1 in 1980, enormous progress has been made in characterizing
this oncogenic retrovirus. The discovery of cell-to-cell contact for infection, the characteristic proviral
integration into the host genome, and the roles of the virally encoded Tax and HBZ proteins have
come into better focus, shedding light on how HTLV-1 survives and replicates in vivo, as well as how
it can drive human diseases with currently dismal prognoses. Several questions remain unanswered,
however. Research into the development of ATLL has highlighted risk factors but no true causal
mechanism relating these risk factors to the development of ATLL has been established.

Beyond risk factors, the causes of the decades-long delay in the development of ATLL and the
most common triggers for oncogenesis are unknown and remain difficult to find, given the rarity and
underreporting of HTLV-1-associated diseases. Future directions of HTLV-1 research should
predominantly focus on the improvement of epidemiological data, leading to greater awareness and
education of at-risk populations. In this context, strategies to develop reliable in vivo models of
HTLV-1-driven human diseases to facilitate the development of novel therapeutics as well as
preventative or even therapeutic vaccines are key priorities. Similarly, successful examples of
improved community awareness and public health policies to limit viral transmission exist that could
be more broadly reproduced in emerging at-risk and vulnerable populations.

The progress of collecting and processing epidemiological data of HTLV-1 infection in endemic
areas has improved, but large gaps remain. Although widespread, representative epidemiological
studies have yet to be conducted on a consistent basis, the multifactorial nature of HTLV-1 spread as
a sexually transmitted disease, a blood-borne illness, and through vertical transmission has become
clearer. Difficulties in identifying and confirming HTLV-1-positive individuals presents the most
significant, daunting challenge. Due to the dormant nature of infection, with most seropositive
individuals remaining asymptomatic for life, along with resource constraints in many endemic areas,
it remains nearly impossible to accurately estimate the prevalence of HTLV-1 in the general
population.

Regardless of unanswered questions with respect to the molecular mechanisms of HTLV-1
infection and major issues with epidemiological data, it is clear that HTLV-1 disproportionately
burdens vulnerable populations of low socioeconomic status, a trend that has emerged in several
endemic regions, such as Africa and Brazil. While HTLV-1-associated diseases are rare, especially
outside of endemic areas, upticks in immigration, migration, and globalization may lead to the
appearance and spread of the virus in other parts of the world, such as the United States. While
epidemiological data regarding the spread of HTLV-1 outside of Japan, Africa, and Brazil is, for the
most part, nonexistent, the Caribbean represents the endemic region closest to the United States. With
many fleeing the political conditions in Cuba and Haiti, for example, HTLV-1 incidence in nascent
and growing immigrant communities in the United States can be expected to increase. The lessons
and principles of public health measures either currently in use or proposed for future use in endemic
areas can be used to combat the spread of HTLV-1 in non-endemic regions, such as community
awareness, freely accessible and encouraged testing, and education on the risks of breastfeeding,
harm reduction programs for needle use, and safe sexual practices. Additionally, the spread of
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HTLV-1 to developed countries in which immunosuppressive therapies are commonplace can
further underscore a key pathogenic relationship between an immunocompromised state and
progression to ATLL that has been observed in Japan. The onus of community involvement and
outreach ultimately rests with government health agencies and comprehensive health centers to

implement such programs. The vulnerable populations which HTLV-1 affects most will likely not
have the power, alone, to bring about widespread change to hamper the spread of the virus and

improve the prognoses of HTLV-1-associated diseases.

IL-2 Receptor

HTLV-1
infection

TCR with CD3
OL\, o
O
Cytokine

Q O release
O

T-cell exhaustion
and apoptosis

Acute
inflammation

l

©
®e
IL-10, TGF-B

Figure 1. Mechanisms of HTLV-1-mediated immunosuppression. Schematic representation of HTLV-1 infection

and subsequent upregulation of FoxP3 and NF-«B gene expression, modulation of T-cell activation markers, and

relationship with acute inflammation, Treg function, and T-cell exhaustion.
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