
Frontiers in Medicine 01 frontiersin.org

A novel strategy for the 
management of cytomegalovirus 
retinitis in immunocompromised 
patients using new 
anti-cytomegalovirus drugs
Yuou Yao †, Qiaozhu Zeng †, Yaoyao Sun , Enzhong Jin , 
Jiyang Tang , Yi Cai , Jing Hou  and Heng Miao *

Department of Ophthalmology, Peking University People's Hospital, China and Beijing Key Laboratory 
of Ocular Disease and Optometry Science, Beijing, China

Objectives: This study presents four cases of cytomegalovirus retinitis (CMVR) 
managed using a novel antiviral strategy, aiming to preliminarily assess its 
efficacy and safety profile.

Methods: A retrospective chart review was conducted on four patients (seven 
eyes) diagnosed with CMVR at Peking University People’s Hospital. All patients 
received oral letermovir or maribavir as the primary treatment. Weekly intravitreal 
injections of high-dose (6 mg) ganciclovir (IVG) were administered to those 
with macula involvement or aggressive lesions during the initial treatment. Data 
on demographics, ophthalmic examinations, laboratory results, and clinical 
outcomes were analyzed.

Results: All four patients showed clinical and fundoscopic improvement, 
achieving complete resolution of retinitis. However, one patient developed 
bilateral retinal detachment requiring vitrectomy. Initial administration of high-
dose IVG ensured rapid stabilization of the aggressive or macula-threatening 
lesions. While subsequent oral antiviral maintenance significantly reduced the 
need for repeated IVG injections. Both letermovir and maribavir demonstrated 
excellent tolerability with no adverse events observed.

Conclusion: This novel therapeutic strategy provides safe and effective 
treatment option for CMVR, particularly promising for patients with complex 
systemic comorbidities.
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1 Introduction

Cytomegalovirus (CMV) can lead to severe opportunistic infections in 
immunocompromised individuals, with retinitis being the most common ocular manifestation 
(1). Prior to the availability of valganciclovir, CMV retinitis (CMVR) was primarily managed 
with intravenously administered ganciclovir, foscarnet, and cidofovir (2). Multiple intravitreal 
ganciclovir injections (IVG) represent another viable therapeutic option for managing CMVR 
in patients with isolated ocular involvement, serving as the optimal treatment modality when 
managing patients at risk for systemic ganciclovir toxicity (3). This approach, however, was 
invasive, expensive, and often poorly adhered to, while failing to address the systemic aspects 
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of the infection (4). The advent of valganciclovir marked a significant 
shift in CMVR management by offering a fully oral therapeutic 
regimen. This innovation substantially enhanced treatment adherence 
and accessibility. However, concerns persist regarding significant 
adverse effects (AEs), particularly myelosuppression (5).

In recent years, two novel oral anti-CMV agents, letermovir and 
maribavir, have shown efficacy with minimal adverse effects in post-
transplant patients. Letermovir inhibits CMV replication by binding 
to components of the CMV-terminase complex (6). Maribavir has 
anti-CMV effects through the inhibition of UL97-mediated 
phosphorylation of nuclear lamin A/C (7). Although off-label use of 
letermovir had been reported for patients with CMVR, showing 
excellent outcomes (8), to date, the therapeutic application of 
maribavir/letermovir in CMVR remained underexplored as a primary 
intervention. Here, we present four cases that were primarily managed 
with letermovir and/or maribavir, aiming to propose a novel and 
simplified antiviral strategy for patients with CMVR.

2 Methods

A retrospective chart review was conducted on patients diagnosed 
with polymerase chain reaction (PCR)-confirmed CMVR at Peking 
University People’s Hospital between August 2022 and August 2024, 
who were treated with letermovir or maribavir as primary therapy. 
Diagnosis was based on a history of immunosuppression, clinical and 
fundoscopic findings, positive CMV DNA in aqueous humor, and 
exclusion of alternative etiologies such as syphilis, tuberculosis, and 
toxoplasmosis. Data on patient demographics, ophthalmic 
examinations, laboratory results, clinical outcomes, and adverse events 
were collected and analyzed. Institutional Review Board approval was 
obtained by Peking University People’s Hospital (2024PHB 188–01).

All patients received letermovir or maribavir as primary therapy. 
Within China’s current pharmaceutical regulatory framework, 
letermovir holds formulary listing status on the 2023 National 
Reimbursement Drug List, while maribavir remains excluded from 
both the National Medical Products Administration (NMPA) approval 
roster and National Reimbursement Drug List (NRDL) formulary, 
requiring acquisition via cross-border procurement channels. This 
pharmacoeconomic landscape necessitated implementation of 
institutional therapeutic algorithms prioritizing letermovir based on 
multilevel accessibility assessments for most patients.

High-dose IVG (6 mg/0.05 mL) was applied weekly to patients 
presenting with fovea involvement or aggressive lesions (lesions 
located within the vascular arcades, in close proximity to the macular 
region) during initial treatment. Upon a substantial reduction in the 
activity of the lesion, indicated by sharpening of lesion margins and a 
transition from vivid coloration to a more attenuated appearance, IVG 
was discontinued. Subsequently, oral letermovir or maribavir was 

administered as monotherapy until complete resolution of the lesion 
was achieved.

3 Results

The study included seven eyes from four patients (3 males, 1 
female) with ages ranging from 9 to 61 years. The median follow-up 
duration was 12.75 months (range: 4–24 months). Three patients had 
bilateral CMVR, while one had unilateral involvement. Clinical data 
were summarized in Table  1. Patients 1 and 2 had a history of 
allogeneic hematopoietic stem cell transplantations (allo-HSCT). 
Patient 3 received chemotherapy for acute lymphoblastic leukemia 
(ALL). Patient 4 had a history of renal transplantation. All four 
patients in our cohort had confirmed CMVR, proven by positive 
CMV DNA in aqueous humor.

All patients exhibited both clinical and fundoscopic improvement, 
leading to the complete resolution of retinitis. Initial high-dose IVG 
ensured rapid stabilization of the lesions and prevented further vision 
loss. However, Patient 2 developed bilateral retinal detachment, which 
required vitrectomy. Figure  1 illustrates the clinical course of the 
four cases.

3.1 Case presentations

Case 1: A 61-year-old male presented with blurred vision in both 
eyes for 2 weeks after allo-HSCT 2 months ago due to ALL. He had been 
administered maribavir 400 mg twice daily for the treatment of systemic 
CMV infection for 1 month. At the time of assessment, the blood CMV 
DNA level was quantified at 1.93 × 104 copies/ml. Visual acuity was 
20/200 in the right eye and 20/20 in the left eye. Slit-lamp biomicroscope 
did not reveal aqueous or vitreous cells in either eye. Fundus 
ophthalmoscopy revealed yellowish-white retinal necrosis and 
superficial hemorrhage in the peripheral retina (Figures 2A,B). Aqueous 
humor analysis revealed CMV DNA levels of 5.01 × 104 copies/ml and 
1.04 × 104 copies/ml in the right and left eyes, respectively. Whilst 
awaiting aqueous humor analysis, the lesions exhibited rapid 
progression. Oral letermovir 480 mg twice daily combined with three 
IVGs weekly were prescribed, and lesion progression improved 
dramatically. Following systemic CMV clearance, the patient was 
followed up for an additional 3 months. Complete resolution of CMVR 
was achieved within 1 month with no recurrence observed during 
follow-up (Figures 2C,D), and no AEs were observed.

Case 2: A 13-year-old female who underwent allo-HSCT for 
aplastic anemia was given oral corticosteroids and cyclosporine for 
suspected chronic graft-versus-host disease (GVHD) since month 5 
after transplantation. Two months later, she experienced bilateral 
visual loss and was diagnosed with CMVR (Figure 3). Due to the 
aggressive nature of the lesion and its involvement of the macula, the 
treatment included maribavir 200 mg twice daily, considering the low 
weight of 30 kg, combined with bilateral IVGs (2 sessions with 1 week 
apart). Although lesions improved rapidly, rhegmatogenous retinal 
detachment occurred 2 months later, requiring pars plana vitrectomy 
in both eyes. During the surgery, lesions in both eyes were found to 
be completely quiescent. The patient was subsequently prescribed with 
letermovir 240 mg twice daily for the following 5 months. No AEs 
were observed. Currently, both eyes are filled with silicone oil.

Abbreviations: CMV, Cytomegalovirus; CMVR, Cytomegalovirus retinitis; IVG, 

Intravitreal ganciclovir injections; AEs, Adverse effects; PCR, Polymerase chain 

reaction; allo-HSCT, Allogeneic hematopoietic stem cell transplantation; ALL, 

Acute lymphoblastic leukemia; GVHD, Graft-versus-host disease; OCT, Optical 

coherence tomography; OCTA, Optical coherence tomography angiography; 

IC50, The 50% inhibitory concentration; CSF, Cerebrospinal fluid.
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Case 3: A 9-year-old male with a history of ALL, who experienced 
4 months of chemotherapy, presented with progressive vision loss in 
the left eye over 1 month. Initial examination showed visual acuity 
of 20/20  in the right eye and 20/60  in the left eye. Slit-lamp 
biomicroscope revealed cells (1+) in bilateral aqueous and vitreous. 
Fundus ophthalmoscopy identified a wedge-shaped area of 
yellowish-white retinal necrosis between the fovea and optic disc 
(Figure  4A). OCT revealed full-thickness retinal disruption and 
subretinal fluid accumulation (Figure 4B). Aqueous humor analysis 
confirmed CMV DNA at 4.2 × 103 copies/ml. Treatment with 
letermovir 480 mg twice daily (based on patient weight of 50 kg) and 
weekly IVG injections (6 mg/0.05 mL) for 2 times led to lesion 
regression after 1 month. At 3 months, the patient voluntarily 
reduced letermovir to 240 mg twice daily, which resulted in a 
recurrence of CMVR with lesion enlargement and a decline in visual 

acuity to 20/100. Reinitiating letermovir at 480 mg twice daily, in 
conjunction with another 2 weekly IVGs, led to complete resolution 
of the lesion (Figures 4C,D). Letermovir 480 mg twice daily was 
given during the subsequent 1-year follow-up period. No recurrence 
or AEs were observed.

Case 4: A 29-year-old male kidney transplant recipient with IgA 
nephropathy-related renal failure, who had maintained on 
immunosuppression therapy with tamoxifen for four months, presented 
with progressive bilateral vision loss after discontinuing oral ganciclovir 
prophylaxis. Initial visual acuity was 20/40 (right eye) and 20/20 (left 
eye). Fundus examination revealed multiple cotton wool spots and 
hemorrhages that distributed along retinal vessels (Figures 5A,C). Swept-
source optical coherence tomography angiography (OCTA) showed 
bilateral extensive retinal nonperfusion (Figures 5B,D). Blood CMV 
DNA load was 3.66 × 105 copies/ml. CMV DNA was also found at 

FIGURE 1

Clinical course of the four cases. The horizontal lines above each graph represent the period on systemic therapy with each agent. Vertical tick marks 
indicate intravitreal doses.

TABLE 1 Clinical features and outcomes for 4 patients.

Clinical features 
and outcomes

Patient 1 Patient 2 Patient 3 Patient 4

Age (yrs) 61 13 9 29

Gender Male Female Male Male

Eyes involved Bilateral Bilateral Left Bilateral

Relevant history Allo-HSCT for ALL Allo-HSCT for aplastic anemia ALL chemotherapy Renal transplantation

Initial CMV DNA load 

in aqueous humor

OD 5.01 × 104 copies/ml

OS 1.04 × 104 copies /ml

OD 2.3 × 103 copies /ml

OS 3.08 × 104copies /ml

OS 4.2 × 103copies /ml OD 2.48 × 102 copies /ml

OS 1.95 × 103 copies /ml

Visual acuity at CMVR 

diagnosis

OD 20/200

OS 20/20

OD 20/200

OS 10/200

OD 20/20

OS 20/60

OD 20/40

OS 20/20

Duration of follow-up 4 months 7 months 16 months 24 months

Novel anti-CMV agents Maribavir and Letemovir Maribavir and Letermovir Letermovir Letermovir

CMV, cytomegalovirus; CMVR, cytomegalovirus retinitis; allo-HSCT, allogeneic hematopoietic stem cell transplantation.
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2.48 × 102 copies/ml and 3.1 × 102 copies/ml in the right and left eye, 
respectively, and further increased to 8.48 × 102 (right eye) and 1.95 × 103 
copies/ml (left eye) one month later, confirming bilateral 
CMVR. Letermovir 480 mg twice daily was initiated, which led to lesion 

regression without the need for additional intravitreal injections. 
Letermovir was continued for another 5 months with no AEs observed. 
No recurrence or enlargement of retinal nonperfusion area were reported 
during the 15-month follow-up (5E-5H).

FIGURE 2

Fundus photograph of case 1. The upper row of pictures (A,B) showed initiation of CMVR, revealing yellowish-white retinal necrosis and superficial 
hemorrhage. The lower row of pictures (C,D) showed regression of CMVR after use of letermovir for 6 weeks.

FIGURE 3

Fundus photographs of case 2. (A,B) show the fundus of the right eye and left eye at the time of CMVR diagnosis with characteristic “ketchup cheese 
retinopathy” appearance. (C) lesions in the right eye were completely scarred and inactive after 2 months after the vitrectomy.
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4 Discussion

Historically, the systemic or local administration of anti-CMV 
agents, such as ganciclovir, valganciclovir, cidofovir and foscarnet, 

has demonstrated efficacy in managing CMVR (9). Intravenous 
ganciclovir treatment is costly due to hospitalization requirements. 
Oral ganciclovir is also primarily constrained by two 
pharmacokinetic challenges: limited gastrointestinal absorption 

FIGURE 4

Fundus photograph and optical coherence tomography of case 3. (A) At the onset of CMVR, a wedge-shaped area of yellowish-white retinal necrosis is 
observed between the fovea and optic disc. (B) Optical coherence tomography (OCT) reveals thickening, destruction of all retinal layers, and the presence 
of subretinal fluid. (C) The macular lesion regressed after reinstitution of letermovir. (D) OCT shows macular atrophy after retinitis resolved with treatment.

FIGURE 5

Fundus photograph and optical coherence tomography angiography of case 4. Upper row: Fundus photographs (A,C) at diagnosis display multiple 
cotton wool spots and hemorrhages with a circular pattern along the retinal vessels. Swept-source OCTA images (B,D) show retinal non-perfusion in 
both eyes. Lower row: Fundus photographs (E,G) show significant absorption of hemorrhages and cotton wool spots after treatment with letermovir 
for 4 months. Corresponding swept-source OCTA images (F,H) indicate no appreciable expansion of retinal non-perfusion areas after treatment.
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and extensive hepatic first-pass metabolism. This dual barrier 
system subjects the drug to significant enzymatic degradation 
during portal circulation transit, drastically reducing its active drug 
concentration before reaching systemic circulation, thereby 
compromising therapeutic effectiveness. Moreover, it struggles to 
cross important biological barriers, including the blood–brain 
barrier (BBB) and blood-retinal barriers (BRB) (10). These 
limitations impede the attainment of vitreous drug levels 
(marginally exceeding the 50% inhibitory concentration [IC50] for 
wild type CMV), necessitating high daily doses (4-6 g) that often 
lead to gastrointestinal side effects, notably diarrhea (10). Moreover, 
ganciclovir associated myelosuppression may not only prolong 
immune reconstitution, but also severely compromise adherence to 
therapy, which typically spans several months to one year. 
Prolonged ganciclovir administration may also induce CMV 
resistance, diminishing therapeutic efficacy markedly (11, 12). 
Compared to oral ganciclovir, valganciclovir, a well-absorbed oral 
prodrug of ganciclovir, demonstrates superior oral bioavailability 
and fewer AEs (13). However, it shares many of the same limitations 
as oral ganciclovir. Moreover, in China mainland, the unavailability 
of valganciclovir further complicates patient access. Its high cost 
and lack of health insurance coverage impose an additional financial 
burden on patients (14).

Given these limitations, IVG is regarded as a method capable of 
achieving adequate vitreous concentrations while circumventing 
systemic AEs. However, current CMVR treatment strategies, 
whether conventional or modified IVG regimens, face substantial 
challenges. These challenges include the need for repeated invasive 
procedures, which can be painful and difficult for patients in poor 
health to tolerate or adhere to. Pediatric patients, in particular, often 
require general anesthesia, adding complexity to repeated 
injections. Moreover, the need for frequent hospital visits makes the 
process cumbersome and costly, rendering weekly injections 
impractical for patients with delayed immune reconstitution 
needing long-term maintenance therapy. Furthermore, this 
approach is ineffective in addressing concurrent extraocular CMV 
infections and/or CMV diseases and does not benefit the 
contralateral eye.

The advent of innovative antiviral agents, notably letermovir 
and maribavir, heralds a promising era of fully oral regimens for 
managing CMVR. Letermovir targets the viral terminase complex, 
a heterotrimeric structure comprising pUL56, pUL51, and pUL89. 
This complex plays a crucial role in cleaving concatemeric viral 
DNA and encapsidating unit-length genomes into nascent virions 
(15, 16). Letermovir is FDA-approved primarily for CMV 
prophylaxis post-HSCT, with limited application in CMVR 
treatment. In our case series, we  observed that doubling the 
typical dosage of letermovir (480 mg twice daily) effectively 
managed CMVR patients, with favorable tolerability aligning with 
previous studies (8, 17, 18). Likewise, maribavir, FDA-approved 
for CMV treatment, is administered at 400 mg twice daily. It acts 
as a competitive inhibitor of adenosine triphosphate binding to 
pUL97, a pivotal protein kinase that phosphorylates multiple 
downstream viral proteins critical to CMV replication (7, 16, 19). 
Both maribavir and letemovir dosages are halved for pediatric 
patients due to lower body weight. Both agents offer significant 
advantages over traditional treatments, simplifying treatment by 
eliminating the need for hospitalization, repeated surgeries, or 

intravenous infusions. Consequently, this approach substantially 
reduces the discomfort and financial burden associated with 
invasive procedures while enabling prompt treatment initiation 
upon CMVR diagnosis without delays caused by systemic 
complications. Additionally, our data suggest that both agents 
exhibit efficacy against both intraocular and extraocular CMV 
diseases, while also providing prophylactic protection for the 
contralateral eye. Furthermore, both letermovir and maribavir 
show favorable safety profiles, notably avoiding myelosuppression 
and hepatorenal toxicity. This allows for extended use without 
compromising immune reconstitution, a duration potentially 
exceeding one year. As a result, the convenience of these oral 
regimens enhances patient adherence, particularly for pediatric 
patients and adults with complex comorbidities.

The in vitro IC50 of maribavir typically ranges from 0.01 to 
0.3 μM, and its cerebrospinal fluid (CSF) concentration has been 
reported to be approximately 10–20% of the plasma concentration 
(7, 20–22). At therapeutic doses (e.g., 400 mg twice daily), the CSF 
concentration reaches approximately 0.33–1.33 μM (marginally 
exceeding IC50 of CMV), suggesting potential clinical efficacy. 
However, the ability of maribavir to cross the blood-ocular barrier 
(BOB) remains uncertain. In cases of CMVR, a compromised BOB 
may enhance intraocular drug penetration following oral 
administration. Nonetheless, while maribavir may achieve 
sufficient systemic concentrations, obtaining sufficiently high 
intraocular drug levels to rapidly control ocular lesions poses 
challenges, particularly in cases with macula involvement or 
aggressive lesions at initial presentation. This consideration 
similarly applies to patients receiving letermovir therapy. IVG 
circumvents these limitations by facilitating direct drug delivery to 
retinal lesions, achieving intraocular concentrations substantially 
exceeding the IC50. This ensures a rapid onset of action against 
both wild-type and resistant CMV strains with elevated 
IC50 values.

Therefore, an emerging combined therapeutic approach 
appears to be the optimal strategy. For rapidly progressing lesions, 
particularly those near or involving macula, initiating treatment 
with high-dose IVG administered weekly can quickly stabilize 
lesions. This method prevents visual loss and deterioration by 
rapidly achieving peak drug concentrations within the vitreous 
cavity. Typically, CMVR lesions stabilize within approximately 
10 days with adequate dosing (23), and two high-dose IVGs 
treatments are sufficient to cover this critical period. Moreover, 
concurrent humor aqueous sampling during IVG administration 
enables effective monitoring of the CMV viral load. The induction 
phase involves two IVG treatments, which stabilize the lesions. 
After this, oral antivirals reach their peak intraocular levels, which 
eliminates the need for further IVG treatments. During the 
follow-up period, no AEs associated with letermovir or maribavir 
were observed in any of the cases, further emphasizing the safety 
profile of this novel approach. This combined approach optimizes 
CMVR management by balancing rapid action, long-term efficacy, 
safety, and patient adherence, representing a significant 
advancement in treatment strategies. Notwithstanding these 
therapeutic advances, emerging in-vitro and clinical evidence has 
unambiguously delineated the possibility of letermovir-associated 
CMV resistance (12, 24). Therefore, clinicians must remain 
vigilant regarding resistance developed when using these novel 
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antiviral agents. The novel treatment paradigm for CMVR faces 
several challenges. The current pharmacoeconomic landscape in 
mainland China reveals a marked disparity in CMV therapeutic 
accessibility. Maribavir remains constrained by pre-marketing 
authorization status and exclusion from the NRDL, resulting in 
dual barriers of limited procurement pathways and prohibitive 
cost dynamics. Conversely, letermovir’s formulary integration 
through the 2023 NRDL update has established enhanced 
formulary accessibility and reduced out-of-pocket expenditure 
thresholds. This reimbursement-driven therapeutic hierarchy 
directly informed clinical decision-making in our cohort, with 
Cases 1 and 2 undergoing protocol-mandated antiretroviral 
transition from maribavir to letermovir based on institutional 
drug availability algorithms and cost-efficacy optimization 
protocols. However, despite its improved accessibility, letermovir 
still requires supplementary documentation for off-label use in 
CMVR treatment. Furthermore, there is a paucity of 
pharmacokinetic data regarding the intraocular half-life, peak and 
trough concentrations, and volume of distribution for both novel 
oral antivirals. Consequently, optimal dosing regimens and 
frequencies for various patient populations, especially for 
pediatric patients, remain undefined and necessitate further 
research. Additionally, real-world evidence on the efficacy of these 
novel antivirals across diverse CMVR patient groups is urgently 
needed to refine treatment protocols and support evidence-based 
clinical decision-making.

This study has several limitations. Firstly, it is a retrospective 
analysis with a small sample size of only four cases. Secondly, as 
previously mentioned, the majority of patients in this study were 
treated with letermovir rather than maribavir, limiting our ability 
to fully elucidate the efficacy of maribavir in treating 
CMVR. Furthermore, there is currently no consensus on the 
timing for treatment discontinuation following CMVR resolution. 
In this study, decisions to terminate treatment were based on 
clinical presentations during follow-up visits and patient 
preferences. Lastly, while the concomitant use of IVG was 
necessary in some patients for rapid disease control, it may have 
confounded the assessment of the novel oral medications’ 
effectiveness in CMVR treatment. Future research especially 
larger, prospective studies should be  performed to investigate 
potential synergistic effects between IVG and oral antivirals, 
aiming to optimize combination therapies that leverage the 
strengths of both approaches. Bridging these knowledge gaps will 
be  essential for establishing evidence-based guidelines for 
integrating novel oral antivirals into CMVR management, 
ultimately enhancing treatment outcomes for this sight-
threatening condition.

In conclusion, the off-label use of novel antiviral agents such as 
letermovir and maribavir provides an effective and safe therapeutic 
option for managing CMVR, particularly in patients with delayed 
immune reconstitution who require extended treatment durations. 
Furthermore, for patients at risk of macula involvement, initiating 
early combination therapy with weekly high-dose IVGs alongside 
novel antiviral agents, can facilitate rapid lesion stabilization and 
preserve visual function. However, large-scale clinical trials are 
needed to further validate the efficacy and safety of this 
therapeutic approach.
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