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The treatment approach has taken aim at its first retinal disease: CMV retinitis.

BY MRINALI GUPTA, MD, and SZILÁRD KISS, MD

A PRIMER ON  
CELLULAR THERAPY

Traditional therapies 
for treatment of retinal 
diseases have centered 
around surgery, laser, and 
related approaches, but 
the past decade has seen 
a shift toward targeted 
molecular therapies that 

directly interfere with pathologic molecular pathways. 
Most notably, this approach has been fruitful for the 
treatment of retinal diseases mediated by VEGF, such as 
diabetic retinopathy, diabetic macular degeneration, and 
cytomegalovirus (CMV) retinitis.

The growth of targeted therapies beyond those impinging 
upon the VEGF pathway has been slow, but a number of 
other targeted molecular therapies for retinal disease are in 
the research pipeline. These targeted molecular therapeutics 
are likely to continue to fuel tremendous advances in the 
field of retina; however, another approach to retinal thera-
peutics represents a new frontier: developing strategies that 
exploit the body’s own cellular machinery.

Gene therapy, in which genetic material is delivered 
intracellularly to replace a dysfunctional gene product or 
to generate a protein that directly targets a disease-related 
molecular pathway, is one such strategy.1 Cellular therapy, 
also called cell-based therapy, is another. This article 
provides an overview of cellular immunotherapy in the 
treatment of CMV retinitis.

CELLULAR IMMUNOTHERAPY 101 
Cellular therapy is the administration of intact, living cells 

(eg, stem cells and mature cells) to patients to treat disease.
In stem cell therapy, unipotent or multipotent cells 

are differentiated into a specific cell type and integrated 
into a site of injury to replace damaged tissue, ultimately 
improving the function of the target tissue or organ. Stem 
cells could potentially be used to replace neural retinal 
cells (eg, photoreceptors) or supporting cells (eg, retinal 
pigment epithelium) lost in retinal diseases such as retinal 
degenerations.2 

Mature cells have been used to treat disease through 

cellular immunotherapy, in which intact, fully differentiated 
immune cells are administered to patients. This approach 
has begun to revolutionize the treatment of certain cancers 
through the use of, for example, chimeric antigen receptor 
(CAR) T-cells to treat acute lymphoblastic leukemia. This 
form of cell transfer has been likened to giving patients a 
living drug.

How It Works
Immunotherapy harnesses the body’s immune system to 

combat disease. Cellular immunotherapy involves adminis-
tration of immune cells in either an autologous or allogeneic 
fashion to induce a highly specific immune attack upon 
target cells. Other forms of immunotherapy include the use 
of cytokines, monoclonal antibodies, vaccines, and toll-like 
receptor agonists. 

In autologous cellular therapy, the patient’s own immune cells 
are harvested, engineered and/or expanded ex vivo to target 
specific antigens, and then reintroduced into the patient. 

In allogeneic cellular therapy, donor immune cells are 
used. The allogeneic approach offers the potential to 
administer unmatched or partially matched allogeneic cells 
in an off-the-shelf manner.

• Cellular therapy is the administration of intact, living 
cells to patients for the treatment of disease.

• Cellular immunotherapy harnesses the body’s 
immune system in either autologous or allogeneic 
fashion to induce a highly specific immune attack 
on target cells.

• Cellular immunotherapy for CMV retinitis with 
CMV-specific cytotoxic T-cells involves systemic, 
intravenous infusion of partially matched donor 
cytotoxic T-cells sensitized in vitro to the pp65 CMV 
antigen.

AT A GLANCE
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Initial Uses
Cellular immunotherapy has its roots in oncology, where a 

number of approaches have been employed, including adop-
tive cell therapy (ACT), which involves infusion of immune 
cells that specifically target tumor cells. In adoptive T-cell 
transfer therapy, immune cells can be infused several ways. 
Autologous T-cells with antitumor activity can be isolated 
from the patient’s tumor or peripheral blood and expanded 
to a large number of cells ex vivo. These T-cells can then be 
infused back into the patient to generate a robust antitumor 
immune response.

For example, tumor-infiltrating lymphocytes (TIL) found 
within a patient’s tumor can be selectively cultured from 
tumor biopsies and expanded to a large number ex vivo 
before being infused back into the patient.3,4 Much of the 
work in ACT using TILs has traditionally been in patients 
with highly advanced refractory metastatic melanomas, 
and in this setting these patients have demonstrated 
durable response rates of approximately 50% in multiple 
trials.3,5,6 TILs have recently been investigated in a number 
of other cancers.3 

Alternatively, rather than selecting for T-cells that already 
have antitumor activity and then expanding them, autolo-
gous or donor T-cells from the peripheral blood can be 
sensitized or genetically engineered (through CAR T-cell 
receptor changes) in vitro to recognize tumor antigens.4 
Similar ACTs have also been proposed using natural killer 
cells instead of T-cells.7

Dendritic cell−based immunotherapies, also known as 
cancer vaccines, involve administering immune cells to 
prime the immune system against tumor cells. Dendritic 
cells are harvested and either pulsed with antigens or geneti-
cally modified to activate them against a specific antigen. 
Once transfused into a patient, the activated dendritic cells 
present tumor antigens to effector lymphocytes, thereby 
inducing a specific immune response against the tumor cells 
bearing these antigens. This approach has been used with 
success in patients with metastatic prostate cancer.8

CELLULAR IMMUNOTHERAPY IN CMV RETINITIS 
Recently, researchers have begun carving out a role for 

a cell-based therapeutic approach in retinal disease—
specifically, for CMV retinitis.

CMV is a member of the herpes viral family. Infection 
with CMV is common in the general population, but 
clinically significant infection typically occurs in immuno-
compromised patients (eg, those with HIV, those who have 
had stem cells transplanted, and those who have received 
solid organ transplants).

In CMV retinitis, it is thought that viral particles in the 
blood enter retinal vascular endothelial cells through endo-
cytosis, resulting in disruption of the blood-retina barrier, and 

thereafter access the retinal tissues.9 CMV retinitis generally 
begins peripherally and spreads centrifugally, with profound 
visual loss occurring once the infection spreads to the macula 
or nerve, or when retinitis leads to a retinal detachment.10 
CMV retinitis occurs in patients who are unable to generate a 
sufficient primary T-cell response against the virus.

Considerations in Immunocompromised Patients
The 4-year incidence of CMV retinitis in patients with 

HIV with a CD4 count of less than 100 cells/mL was 25% 
in the era before the development of highly active antiret-
roviral therapy (HAART).11 The widespread use of HAART 
has reduced the rate of CMV retinitis to 7%, although 
there remains a significant cohort of HIV patients who nev-
ertheless progress to AIDS and are at risk for opportunistic 
infections including CMV retinitis.10,12 HIV patients most 
at risk for CMV retinitis are those who are noncompliant 
with, intolerant of, or unresponsive to HAART, although 
CMV retinitis can occur even in the setting of immune 
reconstitution on HAART with high CD4 count, low viral 
load, or both.13 Moreover, even in the era of HAART, it has 
been shown that CMV retinitis is a condition wrought with 
recurrences and risk of progression and/or vision loss, even 
in patients with immune reconstitution.14-16 

In the HAART era, CMV retinitis is also increasingly encoun-
tered in transplant patients, especially those on potent immu-
nosuppressive therapy. In patients who have received a solid 
organ transplant, the risk of CMV retinitis is highest when the 
recipient is CMV negative and the donor is CMV positive, as 
the transplanted organ introduces CMV into a recipient who 
lacks effective immunity to the virus. In patients who have 
received allogeneic bone marrow or stem cell transplants, the 
risk of CMV infection is particularly high when the recipient is 
CMV positive but the donor is CMV negative. This is because 
the chemotherapy eradicates not only the tumor cells but 
also the recipient’s own immune cells. Also, the CMV-negative 

CMV retinitis generally begins 
peripherally and spreads 
centrifugally, with profound 
visual loss occurring once the 
infection spreads to the macula 
or nerve, or when retinitis leads 
to a retinal detachment.
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donor’s immune cells are not sensitized to 
CMV, so the patient is particularly susceptible 
to CMV infection. The risk of CMV retinitis in 
these post-transplant patients is further poten-
tiated by immunosuppressive medications for 
the treatment of the malignancy or treatment 
or prevention of graft rejection or graft-versus-
host disease. More recently, cases of CMV 
retinitis have also been reported following 
intraocular or periocular steroid administration 
in immunocompetent patients.17

Treatment of CMV Retinitis
The current mainstay of CMV retinitis 

treatment is immune reconstitution plus sys-
temic and/or intravitreal antiviral agents. 

Immune Reconstitution
Immune reconstitution is the cornerstone 

of CMV retinitis treatment. Effective antiret-
roviral therapy (ART) in patients with HIV 
disease can durably suppress HIV replication 
and typically results in rapid and sustained 
rise in CD4 counts. The recovery of CD4 
levels leads to decreased incidence of HIV-
associated opportunistic infections, including 
improvements in immune response to CMV. 
This represents the immune reconstitution 
that is the foundation of CMV retinitis ther-
apy. Unfortunately, immune reconstitution 
is not possible in certain patients, including 
those requiring chronic immunosuppres-
sion (eg, solid organ transplant patients and 
leukemic patients who are status post bone 
marrow stem cell transplant) and those 
whose HIV is resistant or refractory to ART. 

Antiviral Agents
Antiviral medications for CMV include ganciclovir (Zirgan, 

Bausch + Lomb; Vitrasert, Auritec Pharmaceuticals; and 
Cytovene, Genentech), valganciclovir (Valcyte, Genentech), 
cidofovir (Vistide, Gilead Sciences), and foscarnet (Foscavir, 
Hospira). Ganciclovir, and its prodrug valganciclovir, are 
phosphorylated by the viral kinase UL97 and subsequently 
by host kinases to ganciclovir triphosphate, which inhibits 
the viral DNA polymerase UL54. Mutations in UL97 there-
fore confer resistance to ganciclovir and valganciclovir. 
Cidofovir is phosphorylated by host kinases to its active 
form, which also inhibits viral DNA polymerase UL54. 
Foscarnet directly inhibits the viral DNA polymerase UL54, 
and mutations in UL54 can cause broad resistance to ganci-
clovir, valgancyclovir, foscarnet, and cidofovir.18 Intravitreal 
ganciclovir injection may have efficacy in the retina even 

when the CMV is “resistant” to CMV due to UL97 or UL54 
mutations, given the high concentrations achievable in the 
vitreous through local administration. Systemic side effects, 
including renal toxicity (foscarnet and cidofovir) and bone 
marrow suppression (ganciclovir and valgancyclovir), can 
also limit the use of these agents. 

It is important to note that a given strain of CMV may 
possess mutations that confer resistance to antiviral therapy. 
Furthermore, the systemic side effects of the antiviral treat-
ments themselves may limit their utility. Even patients in 
whom antiviral therapy can be administered and in whom 
immune reconstitution can be achieved are at risk of recur-
rences, progression, and/or vision loss from CMV retinitis, 
as well as second-eye involvement in patients presenting 
with unilateral disease.14-16 Moreover, since the manufacture 
of the ganciclovir intraocular implant was discontinued, 
treatment of CMV retinitis now often involves significant 

Figure.  A chronically immunosuppressed patient status post allogeneic stem 

cell transplant on immunosuppression for severe graft-versus-host disease. 

Patient presented with resistant CMV viremia and active, vision-threatening 

CMV retinitis in both eyes. Color images of the right and left eyes show active 

CMV retinitis despite biweekly bilateral anti-CMV injections (A). Color images 

of the right and left eye more than 2 years after two cycles of systemic CMV 

specific T-cell infusions (B). The retinitis is completely regressed, as is the 

systemic CMV viremia with all systemic and intraocular CMV therapy ceased. 

There was no obvious worsening of the patient’s graft-versus-host disease nor 

any signs of ocular inflammation during or after systemic T-cell therapy.
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morbidity and inconvenience to patients, often requiring 
frequent intravitreal injections (sometimes with multiple 
antiviral agents) for an extended period of time.

CMV-Specific Cytotoxic T-Cells 
Cellular immunotherapy with CMV-specific cytotoxic 

T-cells is another approach to treating CMV retinitis. It 
involves systemic, intravenous infusion of partially matched 
donor cytotoxic T-cells sensitized in vitro to the pp65 CMV 
antigen.19 A library of these cells was developed by a team 
at Memorial Sloan-Kettering Cancer Center (MSKCC),19 and 
the cells have already demonstrated efficacy against per-
sistent CMV viremia or systemic infection in the stem cell 
transplant population.20 

Recently we, in collaboration with MSKCC, have report-
ed the application of this therapy specifically for patients 
with CMV retinitis who are resistant to, refractory to, or 
intolerant of systemic and/or intravitreal antiviral thera-
pies.21 Under the leadership of our partners at MSKCC, we 
have developed a protocol to treat chronically immuno-
suppressed patients secondary to solid organ transplant 
(eg, kidney transplant, heart transplant), resistant HIV, or 
bone marrow transplant using systemically infused CMV 
specific T-cells (Figure). 

Interestingly, even in the context of the blood-retina barrier, 
intravenously administered T-cells are able to target the CMV 
retinitis within the eye. Most often, patients in whom CMV is 
active in the eye have little or no signs of systemic CMV vire-
mia. Therefore, we typically follow the response to the T-cell 
infusions with serial ophthalmic evaluations including dilated 
fundus photography, angiography, optical coherence tomog-
raphy, and CMV polymerase chain reaction from successive 
anterior chamber taps. Most of our patients receive two or 
three rounds of T-cell infusions, each round consisting of three 
sessions of infusions, with several weeks between successive 
rounds of T-cells. In addition to the ophthalmic monitoring of 
response, systemic biomarkers (including cytokine profile and 
specific infused cell detection) are also used to gauge the level 
of response in each patient. 

Although still preliminary, our initial results indicate 
that this is a viable strategy for the treatment of patients 
in whom there is no realistic alternative. In patients who 
have been treated thus far, sustained remission of CMV 
retinitis appears to be the general rule without any signifi-
cant or severe local or systemic adverse events. Longer-term 
follow-up as well as use in a larger patient population will 
undoubtedly have to be closely evaluated before such 
therapy becomes more widespread and standard of care.  

CONCLUSION
Given the limitations in the treatment of CMV retinitis, 

the field is ripe for novel treatment strategies. It seems that 
cellular immunotherapy with CMV-specific cytotoxic T-cells 

may be one such option. Further studies are necessary to 
more definitively parse out the role of adoptive immuno-
therapy, including its long-term efficacy and safety, for the 
treatment of CMV retinitis. Nevertheless, our early experi-
ence with this treatment approach is extremely encouraging 
and suggests a potential role for cellular immunotherapy in 
the treatment of retinal disease. n

Note: Should any reader have a potential patient who may 
benefit from this treatment, please contact Dr. Kiss directly.
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