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Abstract

e AIM: To evaluate the long-term prognostic outcomes
associated with different treatment regimens for PDR,
including panretinal photocoagulation (PRP), anti-vascular
endothelial growth factor (anti-VEGF) therapy, vitrectomy,
and combination approaches.

e METHODS: A comprehensive literature search was
conducted across PubMed, Embase, Web of Science, and
the Cochrane Library from database inception through
March 31, 2024, with manual supplementary screening
extended to June 30, 2024. Randomized controlled trials
(RCTs) and comparative observational studies that directly
evaluated at least two treatment regimens with a minimum
follow-up of 1y were included in the principal therapeutic
synthesis; imaging, screening, epidemiologic, and disease-
characterization studies were retained as contextual
evidence. Owing to substantial clinical and methodological
heterogeneity, findings were synthesized through structured
narrative synthesis in accordance with SWiM guidance,
with evidence certainty assessed using the Grading of
Recommendations, Assessment, Development, and
Evaluation (GRADE) framework.

o RESULTS: The evidence base comprised 20 studies
encompassing 8742 participants and 9521 eyes. Major
comparative trials, interpreted as moderate-certainty
evidence, indicated that anti-VEGF therapy (ranibizumab)
and PRP achieved broadly comparable long-term visual
acuity outcomes in selected trial populations receiving
structured follow-up. Anti-VEGF therapy was associated
with better visual field preservation and a lower cumulative
incidence of vision-impairing diabetic macular edema
(DME) compared with PRP [22% vs 38%; hazard ratio
(HR) 0.4, 95%Cl: 0.3-0.7]. Combination therapy (PRP
plus ranibizumab) demonstrated favorable neovascular
regression in selected small comparative studies, and
perioperative anti-VEGF adjuncts improved intraoperative
conditions and reduced early postoperative hemorrhage in
vitrectomy-treated eyes.

o CONCLUSION: Anti-VEGF therapy and PRP may provide
broadly comparable long-term visual acuity outcomes
in selected PDR patients, though important differences
exist in treatment burden, visual field preservation,
and complication profiles. Treatment selection should
be individualized according to DME status, vitreous
hemorrhage, tractional or fibrovascular components, prior
PRP, anticipated adherence, and healthcare accessibility,
with long-term surveillance remaining essential given the
chronic and progressive nature of PDR.
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INTRODUCTION

roliferative diabetic retinopathy (PDR) is a severe
P complication of diabetes mellitus, characterized by
neovascularization, vitreous hemorrhage, and tractional retinal

detachment. It is the leading cause of vision loss and blindness
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among working-age adults worldwide!". Diabetes patients
with a longer disease duration and poor glycemic control have
a higher prevalence of PDR™. As diabetes incidence rises,
the burden of PDR is expected to increase, posing significant
challenge to healthcare systems and patients’ quality of life"”".
The pathogenesis of PDR involves a complex interplay of
metabolic, inflammatory, and angiogenic factors. Chronic
hyperglycemia induces oxidative stress, advanced glycation
end-product formation, mitochondrial dysfunction,
inflammatory activation, and retinal microvascular injury,
ultimately contributing to capillary nonperfusion and
ischemia®”. Angiogenic factors, particularly vascular
endothelial growth factor (VEGF), are upregulated by
hypoxia in the retina, which stimulates the growth of retinal
neovascularization (RNV)). These mechanisms also
underscore that ocular treatment should be interpreted within
the broader context of systemic metabolic control and vascular
risk modification rather than as an isolated local intervention.
Vision-threatening complications such as vitreous hemorrhage
and tractional retinal detachment are caused by leakage and
hemorrhaging of these fragile neovascular structures'”.

The management of PDR has evolved significantly, with
panretinal photocoagulation (PRP) as a mainstay since the
1970s™"*. PRP reduces neovascularization and vision loss
risk by applying laser burns to the peripheral retina. However,
it may cause peripheral vision loss, decreased night vision,
and exacerbation of macular edema'”"'*. Recently, anti-
VEGF therapy, including bevacizumab, ranibizumab, and
aflibercept, has emerged as an alternative or adjunct to PRP,
reducing neovascularization and improving visual outcomes'".
Vitrectomy, a surgical procedure to remove the vitreous
gel and relieve retinal traction, is used in advanced cases
with non-clearing vitreous hemorrhage or tractional retinal
detachment!"”,

In the broader diabetic retinopathy treatment landscape, PDR
management represents one component of a hierarchical
approach that also includes systemic risk-factor control,
screening, treatment of diabetic macular edema (DME), and
timely intervention for vision-threatening disease. Recent
reviews of diabetic retinopathy treatment strategies have
emphasized that PRP, anti-VEGF therapy, corticosteroid-based
approaches for macular edema, and vitreoretinal surgery should
be positioned according to disease severity, ocular phenotype,
treatment burden, and healthcare-resource availability!*"".
In parallel, systemic lipid-modifying therapies, nutritional
status, and metabolic risk modification may influence
diabetic retinopathy progression and long-term prognosis,
complementing but not replacing ocular interventions"*"”.
While there are several treatment options available for PDR,
the long-term prognosis remains unclear. Previous systematic
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reviews have focused on short-term efficacy and safety,
with limited evidence of long-term prognosis”?!. This
systematic review aimed to address these knowledge gaps
by evaluating the long-term prognosis of PDR patients with
different treatment regimens. We compared the long-term
efficacy of treatments [including PRP, anti-VEGF, pars plana
vitrectomy (PPV), and combination therapy] by assessing
vision, incidence of complications, and the need for additional
interventions or retreatment. Additionally, we identified
factors that may affect long-term prognosis, such as baseline
characteristics, disease severity, and treatment compliance.
MATERIALS AND METHODS

Ethical Approval This systematic review was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews 2020 statement and Meta-analyses (PRISMA)
guidelines™.

Eligibility Criteria

Types of studies Inclusion: For the principal therapeutic
synthesis, we included randomized controlled trials (RCTs),
secondary analyses of RCTs, and comparative observational
studies that directly evaluated at least two treatment regimens
for PDR and reported prognostic outcomes with a minimum
follow-up duration of ly. Eligible treatment regimens
included PRP, anti-VEGF therapy, PPV, and combination
approaches such as PRP plus anti-VEGF therapy or PPV plus
perioperative anti-VEGF therapy. The PICO framework for the
core evidence was defined as follows: adult patients with PDR;
interventions consisting of active PDR treatment regimens;
comparators consisting of alternative PDR treatment regimens,
sham/control injection, or different procedural/dosing strategies;
and outcomes including long-term visual acuity (VA), neovascular
regression or progression, visual field changes, treatment-
related complications, or need for additional interventions.
Studies that did not directly compare treatment regimens or
did not meet the minimum follow-up requirement were not
included in the principal therapeutic synthesis. However,
imaging-focused studies, screening studies, epidemiologic
studies, prevalence studies, and disease-characterization or
progression analyses were retained as contextual supporting
evidence when they provided clinically relevant information
for PDR assessment, disease monitoring, treatment planning,
or interpretation of long-term prognosis. These studies were
summarized separately and were not used to infer comparative
treatment effectiveness.

Exclusion: Studies with the follow-up of less than 1y, those
with only one treatment regimen and no comparison group and
case reports, case series, reviews, commentary, and conference
abstracts were excluded. Patients with non-PDR or other
retinal diseases were also excluded, unless separate data for
PDR patients were available.
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Types of participants We included studies involving adult
patients (aged 18y or older) with a diagnosis of PDR, as
defined by the presence of neovascularization on the optic disc,
retina, or iris, with or without vitreous hemorrhage or tractional
retinal detachment. Studies that included patients with non-
PDR or other retinal diseases were excluded, unless separate
data for PDR patients were available. When reported, baseline
glycated hemoglobin (HbAlc), diabetes type and duration,
and prior ocular interventions were extracted. Most studies did
not stratify outcomes by these factors, which were considered
narratively where data permitted.

Types of interventions We included studies that compared
at least two of the following treatment regimens for PDR:
PRP, anti-VEGF therapy (bevacizumab, ranibizumab, or
aflibercept), vitrectomy, combination therapies (e.g., PRP+anti-
VEGF, vitrectomy-+anti-VEGF). Studies that evaluated only
one treatment regimen without a comparison group were
excluded.

Types of outcome measures The primary outcome was VA at
the end of follow-up. To facilitate cross-study comparison, VA
was reported using logMAR whenever available or convertible.
Early Treatment Diabetic Retinopathy Study (ETDRS) letter
scores were retained as reported for major randomized trials
and, when necessary for cross-study comparison, converted
using the formula logMAR=(85-ETDRS letters)x0.02. Snellen
fractions were converted to logMAR using standard conversion
tables. When conversion was not feasible or could introduce
misleading precision, the original metric was retained with the
scale explicitly stated. Secondary outcomes were the incidence
of vitreous hemorrhage, incidence of retinal detachment, need
for additional interventions or retreatments, adverse events
related to the treatment.

For each outcome, the unit of analysis was extracted and
reported as eyes or patients. Because several ophthalmic
studies enrolled or analyzed eyes rather than individual
patients, we did not combine outcomes quantitatively across
studies unless inter-eye correlation was appropriately handled
or only one eye per participant was included. In the narrative
synthesis, results based on eyes were interpreted cautiously
because treating two eyes from the same patient as independent
observations may overestimate precision.

Information Sources and Search Strategy PubMed,
Embase, Web of Science, and the Cochrane Library were
searched from database inception to March 31, 2024, with
an updated manual search through June 30, 2024. The June
2024 update consisted of manual supplementary screening
rather than a full structured rerun of all electronic databases.
The search strategy was developed in consultation with
a medical librarian. It includes a combination of Medical
Subject Headings (MeSH) terms and keywords related to

PDR, treatment regimens, and long-term prognosis. Database-
specific search adaptations were applied according to indexing
requirements. We also manually searched the reference
lists of included studies and relevant systematic reviews for
additional eligible studies. No language restrictions were
initially imposed during database searching. However, only
studies with sufficient English-language data for assessment
were ultimately included. Grey literature, conference abstracts,
editorials, case reports, and unpublished studies were excluded
because of insufficient outcome reporting and methodological
detail. All retrieved citations were imported into EndNote X9
(Clarivate Analytics, Philadelphia, PA, USA), and duplicate
records were removed using both automated software detection
and manual verification.

Study Selection Two reviewers (Xi L and Zhao F)
independently screened titles and abstracts of retrieved records
for eligibility. Full texts of potentially relevant studies were
then assessed against predefined criteria. Discrepancies were
resolved through discussion or consultation with a third
reviewer (Li WT). The reasons for excluding studies at the
full-text stage were recorded. The study selection process was
documented using a PRISMA flow diagram.

Data Extraction The reviewers will independently extract
the following information from the included studies: study
characteristics (authors, year of publication, country/region,
study design, sample size, follow-up duration); participant
characteristics (age, sex, diabetes duration, baseline PDR
severity); intervention details (type of treatment regimen,
dose, frequency, duration); outcome measures (VA, incidence
of vitreous hemorrhage and retinal detachment, need for
additional interventions, adverse events).

Any disagreement between the reviewers was resolved through
discussion or consultation with a third reviewer. If necessary,
we contacted the study authors for clarification or additional
data.

Risk of Bias Assessment The risk of bias in the included
studies was assessed using the Cochrane Risk of Bias tool
for RCTs”” and the Newcastle-Ottawa Scale (NOS) for
observational studies””'’. Two reviewers independently assessed
the risk of bias, and any disagreements were resolved through
discussion or consultation with a third reviewer.

For RCTs, the following domains were assessed: random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
sources of bias. Each domain was judged as having a low,
high, or unclear risk of bias.

For observational studies, the NOS was used to assess the
quality of the studies based on three domains: selection of
study groups, comparability of groups, and assessment of
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exposure and outcomes. Studies were awarded stars for each
quality item, with a maximum of nine stars indicating the
highest quality.

Data Synthesis and Analysis Because of substantial
clinical and methodological heterogeneity across study
designs, treatment indications, follow-up durations, outcome
definitions, and units of analysis, formal Meta-analysis was
not performed. Findings were synthesized narratively in
accordance with the Synthesis Without Meta-analysis (SWiM)
reporting guidance'’. The synthesis was structured by
clinically meaningful treatment comparisons, including anti-
VEGEF therapy versus PRP, aflibercept versus vitrectomy with
PRP for vitreous hemorrhage, perioperative anti-VEGF use
around vitrectomy, PRP plus anti-VEGF combination therapy,
and vitrectomy for advanced PDR complications.

Effect estimates, confidence intervals, and P values were
reported as presented in the original studies. No pooled effect
estimates, I” statistics, Cochran’s Q tests, funnel plots, Egger
tests, or Meta-regression analyses were generated. Publication
bias was considered qualitatively within the Grading of
Recommendations, Assessment, Development, and Evaluation
(GRADE) framework, particularly for outcomes supported by
few small studies or by selective outcome reporting. Because
many ophthalmic studies reported outcomes at the eye level
and inter-eye correlation was inconsistently addressed, we did
not statistically combine eye-level data across studies.
Grading the Quality of Evidence The certainty of evidence
was assessed using the GRADE framework on an outcome-
specific basis rather than by assigning a single certainty
rating to each study. For each clinically relevant outcome,
certainty was judged according to risk of bias, inconsistency,
indirectness, imprecision, and publication bias. RCT-
derived evidence initially started as high certainty, whereas
observational evidence initially started as low certainty.
Certainty was downgraded when there were concerns
regarding attrition, lack of masking, heterogeneity in outcome
definitions, indirectness of the study population or intervention,
small sample size, wide confidence intervals (CIs), or limited
numbers of contributing studies.

Because formal Meta-analysis was not performed for most
outcomes, GRADE judgments were based on structured
narrative synthesis, the number and design of contributing
studies, study-specific risk-of-bias assessments, consistency of
direction of effect within clinically comparable comparisons,
precision of reported estimates, and applicability to the target
PDR population. Consistency across heterogeneous designs
was not interpreted as automatically strengthening causal
inference.

RESULTS

Study Selection Due to substantial heterogeneity across study
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designs, treatment protocols, and outcome reporting, formal
pooled Meta-analysis was not appropriate for most endpoints.
Our systematic literature search across PubMed, Embase,
Web of Science, and Cochrane Library databases yielded 1247
potentially relevant records. After removing 261 duplicates,
986 records were screened by title and abstract. Following this
initial screening, 875 articles were excluded as they did not
meet our inclusion criteria. The remaining 111 full-text articles
were assessed for eligibility, with 91 articles subsequently
excluded due to: insufficient follow-up duration (n=42), non-
comparative studies (n=29), irrelevant outcomes (n=15), and
conference abstracts/letters (n=5). Ultimately, 20 studies were
retained for review. Among these, 8 studies met the PICO-
based criteria for the principal comparative treatment synthesis,
including randomized trials, secondary analyses of randomized
trials, or comparative follow-up studies directly evaluating
PDR treatment regimens”**". The remaining 12 studies were
classified as contextual supporting evidence because they
primarily addressed surgical case characteristics, imaging
assessment, screening strategies, epidemiology, prevalence, or
disease progression rather than direct long-term comparative

32491 These contextual studies were used to

treatment effects'
inform clinical interpretation and individualized management
considerations but were not treated as core evidence for
comparative treatment efficacy. The PRISMA flow diagram
of study selection process is presented in Figure 1. The final
search included records identified through database searches
up to March 31, 2024, supplemented by manual screening
updates through June 30, 2024.

Characteristics of Included Studies The evidence base
was reorganized into two categories: core comparative
treatment studies and contextual supporting evidence. The core
comparative treatment studies directly evaluated treatment
regimens for PDR, including PRP, anti-VEGF therapy,
vitrectomy with PRP, and combination approaches, and were
used for the principal therapeutic synthesis”**". Contextual
supporting studies addressed related issues such as surgical
outcomes in selected PDR cohorts, imaging-based detection
and monitoring, individualized screening, epidemiology,

32-43 .
B4 These studies were

prevalence, and risk of progression
retained because they provided clinically relevant information
for interpreting PDR prognosis and individualized treatment
planning, but they were not considered primary evidence for
comparative long-term treatment efficacy. Key characteristics
of both evidence categories are summarized in Table 1°**.
Of the 20 retained studies, most ophthalmic treatment studies
reported outcomes at the eye level, whereas several registry,
screening, or epidemiologic studies reported outcomes at the
patient level. The unit of analysis for each study is presented in

Table 1. For the principal therapeutic synthesis, outcomes from
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Identification

Records identified through database searching
(n=1247)

l

Records after duplicates removed
(n=986)

|

Screening

i

Records screened
(n=986)

l

Full-text articles assessed for eligibility
(n=111)

Records excluded
(n=875)

Full-text articles excluded (n=91)

Insufficient follow-up duration (n=42)

Non-comparative studies(n=29)

Irrelevant outcomes(n=15)

Included Conference abstracts/letters

i

10 RCTS

Studies included in qualitative synthesis (n=20)
10 Observational studies

Figure 1 The PRISMA flow diagram of the study selection process
PRISMA: Preferred Reporting Items for Systematic Reviews 2020

statement and Meta-analyses; RCTs: Randomized controlled trials.

eye-level studies were interpreted according to the original
study design and were not statistically pooled across studies
because inter-eye correlation was inconsistently addressed.
Therefore, reported Cls and P values from individual studies
should be interpreted as study-specific estimates rather than as
pooled precision estimates across the review. The total dataset
encompassed 8742 participants and 9521 eyes with PDR.
Risk of Bias Assessment Risk of bias assessment was
performed primarily for studies contributing to the principal
comparative treatment synthesis. RCTs and secondary analyses
of RCTs were assessed using the Cochrane Risk of Bias tool,
whereas comparative observational studies were assessed using
the NOS. Contextual supporting studies, including imaging,
screening, epidemiologic, and disease-characterization studies,
were not used to determine comparative treatment effects;
therefore, their methodological features were summarized
descriptively rather than incorporated into the GRADE
assessment of therapeutic outcomes. The results of this
assessment are summarized in Table 2°*2°***%**%] for RCTs
and Table 3°***" for observational studies.

Risk of Bias in Randomized Controlled Trials The risk-
of-bias assessment for randomized trials and comparative
treatment studies contributing to the principal therapeutic
synthesis is summarized in Table 2. Most interventional
ophthalmology studies had inherent performance-bias concerns
because masking of participants and treating clinicians
was difficult or impossible for laser, injection, and surgical
interventions. Outcome assessment was masked in several
major trials, but incomplete outcome data and attrition were

important concerns, particularly in longer-term follow-up. In

brief, three studies™***! demonstrated low risk of bias across
most domains. Blinding of participants and personnel was
uniformly challenging due to the nature of the interventions,
though most trials employed masked outcome assessment.
Attrition was interpreted as a clinically important source
of bias rather than a minor methodological issue. In long-
term PDR management, missed visits and discontinuation
of repeated anti-VEGF therapy may be associated with
recurrent neovascularization, vitreous hemorrhage, or
tractional complications. Therefore, attrition in long-term anti-
VEGF studies affects both internal validity and real-world
applicability, especially when trial follow-up intensity exceeds
routine clinical care.

Risk of Bias in Observational Studies The methodological
quality of the 11 included observational studies, assessed
using the NOS, is detailed in Table 3. Quality ratings ranged
from 5 to 9 stars. Studies employing standardized imaging
protocols and rigorous confounder adjustment—such as those
by Heloteri et al*" and Aiello et al®”—achieved the highest
quality scores.

Overall Assessment of Evidence Quality The certainty of
evidence varied by outcome and clinical comparison. For
long-term VA outcomes comparing ranibizumab with PRP, the
evidence was rated as moderate certainty, primarily because the
estimate was driven by one major 5-year randomized trial with
attrition concerns””. Evidence for visual field preservation and
vision-impairing DME was also rated as moderate certainty but
remained dependent on limited trial evidence””. Evidence for
aflibercept versus vitrectomy with PRP in vitreous hemorrhage
was rated as low to moderate depending on the outcome,
reflecting a single major trial, crossover, and imprecision™”.
Evidence for combination therapy and perioperative anti-
VEGF adjuncts was rated as low because of small sample
sizes, shorter follow-up, heterogeneity in treatment protocols,
and limited long-term outcome data******",

We did not interpret apparent consistency across heterogeneous
RCTs, observational surgical studies, imaging studies, and
registry data as automatically strengthening causal inference.
Contextual evidence was used to support interpretation of
disease assessment, monitoring, or prognosis, but it was not
used to upgrade certainty for comparative treatment effects.
Certainty of Evidence The certainty of evidence for each
principal outcome is summarized in Table 4***'****. GRADE
ratings were assigned by outcome and clinical comparison
rather than by study. Long-term VA for ranibizumab versus
PRP was rated as moderate certainty, downgraded for attrition
and imprecision because the conclusion relied mainly on one
major 5-year randomized trial®*. Visual field preservation and

vision-impairing DME outcomes were also rated as moderate

2279



inopathy

in diabetic reti

mens in

Treatment reg

‘BWApPS Jejndew duaqelq :3NQ ‘Ayredountas onaqgelp aanesajijoiduop :HAdN ‘Ayredounal onaqelp aanesa|0ld :HAd

‘Ayredounau onagelq :yqg ‘esude das|s aARdNIISAQ VSO ‘9|gedlidde 10N VN ‘plauapim-enn :4Mn ‘Aydesdoi8ue 110 V100 ‘AydesSowol aauaiayod [eandQ 100 ‘AydesSoi3ue uiaasalonyy pjlayapim-esn

'¥44MN ‘uoneziie|nasenoan (AN ‘Awoloauiia eueld sied :Add ‘uole|ngeodoloyd [eunaiued dyd ‘el Pa||0J3U0d paziwopuey 1Dy ‘(SuoruanIalul [euolIppE pue ‘suonedljdwod ‘uoissatgosd/uoissaisal

UoLeZ|JE|NISBAORU ‘A}INDE |ENSIA) SBWO0IN0 payldadsaid pue ‘uoneinp dn-mojjo} 4oiesedwod/UoUBAIRIUI ‘So1ISIIDIOBIRYD BuIdseq ‘Dzis ajdwes ‘USIsap Apnis :papn|oul Apnis Yoea woJj pajoesixe eleq

en(5202)

22uapIna Sunuoddns [enixajuo) uoissal8oid Yad Ag VN VSO INOYUM SA SO YUMm YadN VN syuedpnsed z9g€z 140y02 aARdadsollay $91e1S payun b 13 Awiyey

1(€202)

2ouapIns Sundoddns [enixajuo) 2oudjenasd ¥yad VN VN VN VN sjuedpnJed T56€ |BUOL}D9S-5504) NS |0 19 BAOQERIOd

1 (7202)

2ouapIAs Suntoddns [enixauo) 3dUspIdUl JIAA/HAd AOT VN suJaned juswieal) [eaJliAediu| VN syuedpnled 0000Z< Anis18a4 uonendod puejuiy D 13 BJ310|3H

0n(8702)

2ouapIAd Sundoddns [enyxajuo)  susaned elwaydsi [euoiSay VN VN VN VN saAa ¢ |BUOL}D3S-5501) ejessny |b 32 98ue

166(7202)

22uapIna Sunuoddns [enixajuo) uone|aui02 Suipess yag VN SuiBew! pjay-£ BuiBewr 4N 19 saha 58/ |eUOL1D95-550.D) $31e1S payun D 13 0|31y

15(5202)

2ouapIAs Suntoddns [enixajuo) 2oud|enasd AN |eanod VN VN VN 85 $9A3 6177 |eUOL}95-5504) $91e1S panun /D 15 uenA

1a(T202)

Apnis Juswieal) aanesedwod 2100 S} JUSWILDIIDI dYd Az weys qewnziqiuey 819 S9Ad 65/ sisAjeue 20y 3s0d S91€1S payun |0 13 Z3|eZUOD)

Le(€202)

2ouapIAg Sundoddns [enixauo) uonnqLIsIp AN VN SuiSew pjay-£ v44MN 95 s9Aa €67 |euoneAIasqo aandadsold elpu| 1D 32 IYPIN

10a(7202)

2ouapIns Sundoddns [enixajuo) uoo919p JNA/¥Ad Asz Sujuaauds piepuels Suiuaauds pazijenpiaipul VN sjuedpnJed 9y |euoneAsasqo JJewusq [ EREE:]

1s1(720T) [0 32

2ouapIAs untoddns [enyxauo) S9WO02IN0 |BNSIA owgz VN suonedldwod ¥Yad 404 Add 5 saka €6 aAdads0119Y $31e1S payun ewelesyyieys|y

1+e(0202)

2ouapIng Sundoddns [enyxauo) 91eJ UoIL1AP AN owgt uoljen|eAa |ealul|d plepueis uopen|erd Y1J0/100 795 saAa /1 |euoneAsasqo wops8uly paynun D 32 Z3EMYdS

22uapIna Sunsoddns [enixajuo) S9W021N0 aAnesad01sod owg AwoydauyiA+gewnzigiues Sw G0 Awo1dai3A+qewnziqiuel Sw Q' T 8'0S sako /8 104 eulyd _m_?Nowv I FERIS

10(9702)

Apnis JuswieaJ) aanesedwod 240) uolissaigal AN AT d¥dd qewnziqiuel+dyd SA qewnziqiuey v'€s saAa g€ 104 |eSnwod b 32 e419N814

6(2202)

Apnis JuswieaJ) sAljesedwod 940)  BaJe UOLeZIIBINISEAOSN Az ddd qewnziqiuey €65 saka g/ dn-moj|o} |eUOlBAISSGO Auewiag /0 15 Sueq

a(1202)

Apnis Juawieal) aanesedwod 210)  eaJe a8eyea| ujadsalon|4 AT gewnz|qiuel+uone|ngeodojoyd pajadie| qewnziqiues+dyd s saAa 87 104 |izeag /D 32 OUBdSO|

22uapIna Sunuoddns [enixaiuo) Aduaidyye |eaiding owg Awo030243IA DGZ Awoyening/z 599 saka zg 104 eulyd ngﬁmmoﬁ JEERT

12(€202)

Apnis juswieau) aAnesedwod 210) wawJedwi Ajandy Az d¥yd+Awoloain 1dasuaqiyy LS saka y0¢ 10Y Jo sisAjeue Azepuodas $91e1S payun /D 13 nalneag
92USPIAS JUBWIeI) [DIBINS

aAnJoddns/aaneledwod a10) S3W021N0 |e213ing owg uondaful weys gewnziqiues Awoldaulin-aid €S saka gy 104 eulyd a(20T) 103210

1s2(0202)

Apnis juawieal) annesedwod 210D 28ueyd Alnoe jensip Az dYd+AwoaIlA 1daouaqiyy 1S saka 50z 104 $91e1S payun b 13 SAzsojuy

1+2(8702)

Apnis JuawieaJ) aanesedwod 210) a8ueyd Aynoe |ensip As dydd gewnziqluey s s9A3 p6¢€ 104 $91e1S payun /D 32 SS01D

A10891e2 25UBpINg awo23no Alewld dn-mojjo4 Jojesedwo) uonuUIAISIU| AHMMW,_m az1s a|dwes ugisap Apnis uoiai/A1uno) (4e3A) Joyany

IU9IpPINS M:_tOQQ:m |en1Xajuod pue salpnjs juswijeal} w>_um.thEOu 9102 }JO sdlisiivldeley) T a|qel

2280



Int J Ophthalmol, Vol. 19, No. 11, Nov. 18, 2026 www.ijo.cn
Tel: 8629-82245172  8629-82210956  Email: ijopress@163.com

Table 2 Risk of bias assessment for randomized controlled trials

Random sequence  Allocation Blinding of Blinding of outcome  Incomplete Selective .
Study . - . Overall risk
generation concealment participants/personnel assessment outcome data reporting
Gross et al (2018)*¥ Low Low High Low Moderate Low Low-moderate
Antoszyk et al (2020)*” Low Low High Low Low Low Low-moderate
Li et al (2022)? Low Unclear High Low Low Low Moderate
Toscano et al (2021)"* Low Unclear High Low Moderate Unclear Moderate
Lang et al (2022)"* N/A N/A® High Low High Low Moderate-high
Figueira et al (2016)2" Low Unclear High Low Moderate Unclear Moderate
Su et al (2024)%* Low Low High Low Low Low Low-moderate
Liu et al (2023)"? Low Low High Low Low Low Low-moderate

®Lang et al® was an observational follow-up to a randomized controlled trial, so initial randomization procedures were not applicable to this

phase.

Table 3 Newcastle-Ottawa Scale assessment for observational studies

Study Selection (0—4%) Comparability (0-2%) Outcome (0-3%) Total score
Schwartz et al (2020)®" o He A * %k > ¥ Kk 9%
Alshaikhsalama et al (2024)"° * 3k k k ** *k 8%k
Bek et al (2024)° Jde K * * 5%
Nidhi et al (2023)%” *kk * % *k 7%
Gonzalez et al (2021)5" * %k ok * %k * %k 7%
Yuan et al (2025)%® e e * > %k 6%
Aiello et al (2024)* * Kk k ok * %k * % 8%
Lange et al (2018)"*” *hk * * Kk 6%
Heloteri et al (2024)"" S % H ke * %k > % Hk 9%
Poracova et al (2023)“ >* %k * * %k 5%
Rahimy et al (2025)* *k ok ** * Kk 7%

certainty but remained dependent on limited trial evidence
from the same clinical comparison™. Outcomes involving
aflibercept versus vitrectomy with PRP, treatment crossover,
activity impairment, neovascular regression, and perioperative
anti-VEGF adjuncts were rated as low or low-to-moderate
certainty because of small numbers of contributing studies,
heterogeneous treatment protocols, crossover, indirectness,
limited follow-up, or imprecision””*****!,

Because no formal meta-analysis was performed, the GRADE
assessment did not use pooled effect estimates. Publication
bias could not be formally assessed with funnel plots or Egger
tests and was therefore judged qualitatively, particularly for
outcomes supported by small studies or single-study evidence.
In the following therapeutic synthesis, conclusions regarding
comparative treatment effectiveness were drawn from core

2431 Studies classified as

comparative treatment studies only
contextual supporting evidence were cited only where they
informed surgical feasibility, imaging-based assessment,
disease monitoring, or interpretation of prognostic
heterogeneity"* ™",

Treatment Outcomes To improve clinical interpretability,
therapeutic findings were organized according to prespecified

clinical questions rather than by outcome domain alone.

Conclusions regarding comparative treatment effects were

24-31
! whereas

based on core comparative treatment studies'
contextual studies were cited separately when relevant
to surgical feasibility, imaging assessment, or prognostic
interpretation”*). VA outcomes are reported primarily in
logMAR or ETDRS letters, with Snellen equivalents provided
only for clinical interpretation. The unit of analysis was
specified as eyes or patients according to the original study.

Anti-VEGF therapy versus PRP in PDR without
mandatory immediate surgery The principal long-term
comparison between anti-VEGF therapy and PRP was
supported mainly by the 5-year randomized trial reported
by Gross et al™, which analyzed 394 eyes. At 5y, mean VA
was approximately 20/25 in both groups, and the adjusted
treatment-group difference was 0.6 ETDRS letters (95%CI,
-2.3 to 3.5; P=0.68). Expressed on the logMAR scale, the
mean change in VA was similar in both groups (ranibizumab:
-0.06+0.29 logMAR; PRP: -0.06+0.21 logMAR). Ranibizumab
was associated with less visual field loss and a lower
cumulative incidence of vision-impairing DME compared
with PRP, with DME occurring in 22% versus 38% of eyes,
respectively (hazard ratio 0.4; 95%CI, 0.3-0.7)%. The long-

term visual acuity outcomes are illustrated in Figure 2.
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Lgong-term vispal acuity outcomes in PDR_treatment
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Data from Gross et al. 5-year follow-up-study

55| Final outcomes: 20/25 Snellen equivalent in both groups (p=0.68) i

—&— Anti-VEGF Therapy
—ii— Panretinal Photocoagulation (PRP)
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Figure 2 Long-term visual acuity outcomes comparing ranibizumab
versus PRP in selected PDR eyes from the 5-year randomized trial
by Gross et al®” Data shown are adapted from Gross et al® for
illustrative purposes and do not represent pooled Meta-analysis.
Visual acuity is presented as ETDRS letters and/or logMAR where
available. PRP: Panretinal photocoagulation; anti-VEGF: Anti-vascular
endothelial growth factor; PDR: Proliferative diabetic retinopathy;

ETDRS: Early Treatment Diabetic Retinopathy Study.

These findings suggest broadly comparable long-term VA
outcomes between ranibizumab and PRP in selected trial
populations receiving structured follow-up. However, this
conclusion should not be generalized to all PDR phenotypes.
The evidence is most applicable to patients similar to those
enrolled in major comparative trials and may not apply to eyes
with poor adherence to repeated injections, limited access to
close monitoring, tractional retinal detachment, recurrent or
non-clearing vitreous hemorrhage, or other advanced PDR
complications requiring surgery.

Gonzalez et al™"

, in a post-hoc analysis of the RIDE and
RISE trials, provided supportive evidence that ranibizumab
reduced the need for additional PRP, although the study was
not designed as a direct long-term PDR treatment-comparison
trial. PRP retreatment occurred in both patients with prior PRP
and those without prior PRP, supporting the concept that PDR
often requires ongoing monitoring and retreatment rather than
a single definitive intervention™".

Aflibercept versus vitrectomy with PRP for vitreous
hemorrhage from PDR For eyes presenting with vitreous
hemorrhage from PDR, Antoszyk et al/”’ compared
intravitreous aflibercept with vitrectomy plus PRP in 205
eyes. At 24wk, mean VA was 0.51 logMAR in the aflibercept
group and 0.44 logMAR in the vitrectomy plus PRP group,
corresponding to an adjusted difference of -5.0 ETDRS letters
(95%CI, -10.2 to 0.3; P=0.06). By 2y, visual outcomes were

similar between groups, with mean VA of 0.23 versus 0.28

logMAR and an adjusted difference of 2.7 ETDRS letters
(95%CI, -3.1 to 8.4; P=0.36)"*"".

Treatment crossover was common: 33% of eyes initially
treated with aflibercept underwent vitrectomy within 2y,
whereas 32% of eyes initially assigned to vitrectomy
received subsequent aflibercept”™. These findings indicate
that anti-VEGF therapy and vitrectomy plus PRP may serve
complementary roles in vitreous hemorrhage from PDR rather
than representing mutually exclusive strategies.

Beaulieu ef al””, a secondary analysis of the same clinical
context, reported that initial vitrectomy plus PRP was
associated with less activity impairment at 24wk compared
with aflibercept, but functional differences were no longer
evident by 104wk. This suggests that surgery may provide
earlier functional recovery in selected patients with vitreous
hemorrhage, while longer-term functional outcomes may
converge"””,

Perioperative anti-VEGF therapy before or around
vitrectomy Two studies addressed perioperative anti-VEGF
use in vitrectomy-treated PDR eyes™**”). Li et al*® evaluated
preoperative intravitreal ranibizumab before vitrectomy in
48 eyes with PDR-related vitreous hemorrhage and reported
improved intraoperative conditions without an increased risk
of tractional retinal detachment. Su et al””' compared 1.0 mg
versus 0.5 mg ranibizumab with PPV in 87 eyes and found
that the higher dose reduced early postoperative vitreous
hemorrhage compared with the standard dose (35.0% vs
63.4%, P=0.0195).

Because these studies had follow-up durations shorter than
ly, they were interpreted as supportive perioperative surgical
evidence rather than core evidence for long-term prognosis.
Their findings support the potential role of anti-VEGF adjuncts
in improving early surgical and postoperative outcomes, but
they do not establish long-term comparative effectiveness.
PRP plus anti-VEGF combination therapy Combination
treatment was evaluated in small comparative studies”™ "
Toscano et al** compared PRP plus ranibizumab with targeted
photocoagulation plus ranibizumab and reported differences
in fluorescein leakage area over ly. Figueira et al®” compared
ranibizumab, PRP plus ranibizumab, and PRP in high-risk
PDR. Complete regression of neovessels elsewhere occurred
in 100% of eyes receiving combined PRP and ranibizumab,
compared with 75% receiving ranibizumab alone and 69.2%
receiving PRP alone. For disc neovascularization, regression
rates were 44.4%, 37.5%, and 30.8%, respectively™.

These studies suggest that PRP plus anti-VEGF therapy may
enhance neovascular regression in selected eyes, consistent
with complementary mechanisms of rapid VEGF suppression
and more durable ischemic drive reduction. However, the
evidence remains limited by small sample sizes, heterogeneous
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laser strategies, and relatively short follow-up. Therefore,
combination therapy should be interpreted as a potentially
useful individualized strategy rather than as a universally
superior regimen (Figure 3).

Vitrectomy for advanced PDR complications Evidence
regarding vitrectomy for advanced PDR complications was
derived from both randomized and contextual surgical studies.

Antoszyk et al™

provided randomized evidence in eyes
with vitreous hemorrhage, showing that vitrectomy plus PRP
and aflibercept achieved similar VA by 2y, although early
recovery patterns and subsequent treatment needs differed.
Alshaikhsalama et al*” provided contextual surgical evidence
from 933 eyes undergoing PPV for PDR complications.
Postoperative VA at 6mo differed according to surgical
indication, with worse outcomes in eyes with tractional
retinal detachment than in those with vitreous hemorrhage or
vitreomacular interface abnormalities (0.79 vs 0.77 vs
1.20 logMAR; P<0.0001). Preoperative PRP was associated
with better postoperative VA compared with no PRP (0.95 vs
1.25 logMAR; P<0.001)**.

These findings support vitrectomy as an essential treatment
for advanced PDR complications, particularly non-clearing
vitreous hemorrhage and tractional retinal detachment.
However, outcomes vary substantially according to baseline
pathology, surgical indication, prior PRP, and disease
severity. Therefore, surgical evidence should not be pooled
indiscriminately with trials of anti-VEGF versus PRP in less
surgically advanced PDR.

DISCUSSION

Summary of Main Findings This systematic review provides
a comprehensive analysis of various treatment strategies
for PDR and their effects on long-term prognosis, offering
important clinical implications for PDR management. The
most robust long-term evidence for anti-VEGF therapy
versus PRP comes from the 5-year randomized trial by Gross

et al™

, which showed broadly comparable VA outcomes
between ranibizumab and PRP in selected PDR eyes managed
under structured follow-up. Importantly, this finding should
not be interpreted as evidence that anti-VEGF and PRP are
interchangeable for all PDR phenotypes. The applicability of
anti-VEGF monotherapy may be limited in patients with poor
adherence, limited access to repeated injections or monitoring,
recurrent vitreous hemorrhage, tractional retinal detachment,
or other advanced complications requiring surgery. PRP
remains an important durable treatment option, particularly
when treatment access or adherence is uncertain. Thus, the
practical distinction between anti-VEGF therapy and PRP
is not limited to anatomical or visual outcomes. Anti-VEGF
therapy may provide advantages in visual field preservation
and reduction of vision-impairing DME"™, but these benefits

2284

Neovascularization regression rates with different treatment approaches
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Figure 3 Neovascularization regression rates with different
treatment approaches Data shown are adapted from Figueira et

30] (

al®® (2016) for illustrative purposes and do not represent pooled

meta-analysis. PRP: Panretinal photocoagulation.

depend on reliable repeated injections, close monitoring, and
sufficient healthcare-system capacity. By contrast, PRP may
be less favorable for peripheral visual field or macular edema
outcomes, but it offers a more durable treatment effect after
completion and may be clinically preferable when follow-up
reliability, treatment access, or socioeconomic circumstances
are uncertain. Additionally, the analysis demonstrated that PDR
treatment requirements are dynamic, as shown by the RIDE
and RISE trials”", which indicated significant PRP retreatment
needs despite prior PRP, emphasizing the disease’s chronic
nature and the need for ongoing monitoring.

Different treatment modalities exhibit complementary roles,
with Antoszyk et al” reporting frequent crossover between
anti-VEGF and vitrectomy approaches, while Figueira et

30 . .
% demonstrated superior neovascular regression rates

al
with combined PRP and ranibizumab therapy. Treatment
complications also vary significantly, with anti-VEGF
showing advantages in reducing vision-threatening DME
and better preserving visual fields compared to PRPPY—
a crucial consideration given peripheral vision’s impact
on quality-of-life factors like driving. Contextual imaging
evidence, including studies of ultra-widefield imaging and
optical coherence tomography angiography (OCTA)P**"*,
supports more precise disease assessment and may facilitate
targeted, personalized treatment approaches. However, these
studies were not interpreted as direct evidence of comparative
treatment efficacy. A comparison of ultra-widefield imaging
and standard 7-field imaging for diabetic retinopathy
assessment is presented in Figure 4.

Comparison with Previous Literature Our findings extend

prior systematic reviews limited by 1-2y follow-ups™*' by
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Comparison of Standard 7-field vs Ultra-widefield Imaging

Findings from Nidhi et al.:

* 32% of eyes had neovascularization elsewhere outside
standard 7-field area

« 75% had capillary non-perfusion areas outside
standard 7-field area

* Neovascularization

- Capillary Non-perfusion

[: Standard 7-field Area
E Ultra-widefield Area

L Ultra-widefield imaging captures ~82% of retinal surface vs. only ~30% with standard 7-field ETDRS imaging ]

Figure 4 Comparison of ultra-widefield imaging versus standard 7-field imaging for diabetic retinopathy assessment Data shown are adapted

from Aiello et al®” (2024) and Nidhi et al®” (2023) for illustrative purposes and do not represent pooled Meta-analysis. ETDRS: Early Treatment

Diabetic Retinopathy Study.

incorporating 5-year data, providing moderate-certainty long-
term evidence that ranibizumab and PRP can achieve broadly
comparable VA outcomes in selected PDR populations under
structured follow-up conditions™". Recent broader reviews
of diabetic retinopathy treatment have compared multiple
therapeutic modalities across the DR spectrum and help
position the present PDR-focused synthesis within a wider
treatment hierarchy that includes screening, systemic risk
modification, DME management, PRP, anti-VEGF therapy,

617 In this context, our review adds a more

and surgery
focused long-term interpretation for PDR-specific therapeutic
decisions, particularly the trade-off between anti-VEGF
treatment burden and PRP durability. While earlier meta-
analyses favored anti-VEGF’s short-term visual outcomes over
PRP", our long-term analysis reveals converging benefits,
reflecting PDR’s chronic progression and underscoring the
importance of extended follow-up in clinical trials. The
complementary treatment roles we observed support recent
consensus favoring personalized, multimodal approaches
based on disease characteristics, patient factors, and treatment
response'’’”’. Furthermore, unlike previous reviews focusing
solely on clinical outcomes, we integrate advanced imaging
1__particularly ultra-widefield and OCTA—
demonstrating their increasing significance in guiding PDR

studies

management and therapeutic decision-making.

Pathophysiological Considerations This systematic review
should be interpreted against the mechanistic background of
diabetic retinal neurovascular injury. Hyperglycemia-related
oxidative stress, advanced glycation end-product accumulation,
inflammatory signaling, mitochondrial dysfunction, and
microvascular ischemia contribute to VEGF upregulation and
progressive retinal damage"™*". Anti-VEGF therapy directly
targets hypoxia-driven VEGF activity, promoting neovascular
regression while preserving retinal function, whereas PRP
indirectly reduces VEGF levels by ablating peripheral ischemic

retina and lowering oxygen demand. While anti-VEGF requires
ongoing treatment due to persistent ischemia™, PRP provides
more sustained effects through permanent oxygen consumption
reduction, albeit with functional trade-offs. In eyes with
substantial fibrovascular proliferation or pre-existing tractional
components, rapid pharmacologic suppression of VEGF
may alter the balance between vascular leakage and fibrotic
contraction; therefore, anti-VEGF use should be coordinated
with surgical planning when traction threatens the macula.
This consideration is particularly relevant for eyes with dense
vitreous hemorrhage or limited retinal visualization, where the
extent of fibrovascular traction may be underestimated before
surgery[25'26’35

reflects their complementary mechanisms: anti-VEGF achieves

| The observed synergy in combination therapies

rapid vascular stabilization while PRP durably modifies
retinal oxygenation, supporting their combined use in selected
cases. These findings underscore the importance of matching
treatment strategies to underlying disease mechanisms.

Clinical Implications This review supports a pragmatic,
phenotype-based approach to PDR treatment rather than a
single preferred regimen for all patients. Treatment selection
should integrate ocular disease features, systemic risk, and
feasibility of long-term follow-up. Key ocular factors include
baseline DME, prior PRP, extent of fibrovascular proliferation,
density and persistence of vitreous hemorrhage, tractional
components threatening or involving the macula, lens status,
and the feasibility of retinal visualization for PRP. Systemic
and contextual factors include renal disease, glycemic control,
pregnancy or pregnancy planning, ability to attend repeated
visits, insurance or out-of-pocket cost, transportation barriers,
and local availability of retina specialists, laser, intravitreal
therapy, and vitreoretinal surgery. Systemic risk modification
remains an important complement to ocular therapy. Although
the present review focused on ocular treatment regimens for
PDR, recent evidence suggests that lipid-modifying therapy,
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nutritional status, and broader metabolic interventions may
influence diabetic retinopathy progression and vascular
outcomes'*'”. These systemic strategies should not be viewed
as substitutes for PRP, anti-VEGF therapy, or vitrectomy in
established PDR, but they are relevant to long-term disease
control, recurrence risk, and individualized prognosis.

A practical decision framework can be summarized as follows.
First, in stable PDR without center-involving DME, dense
vitreous hemorrhage, or traction threatening the macula, PRP
remains a durable standard option, particularly when follow-
up reliability is uncertain or repeated injections are difficult.
Anti-VEGF therapy may be considered in selected adherent
patients who can maintain frequent monitoring and when
preservation of peripheral visual field is a priority”*. Second,
in PDR with concurrent DME, anti-VEGF therapy may be
favored because it can address both neovascular activity
and macular edema, whereas PRP may worsen or unmask

*31 In such cases, PRP can

macular edema in some eyes'
still be added when durable neovascular control is needed or
when injection adherence is uncertain. Third, in eyes with
non-clearing or dense vitreous hemorrhage that prevents
adequate PRP or monitoring, vitrectomy with endolaser PRP
should be considered, with intravitreal anti-VEGF used as an
adjunct in selected perioperative settings to reduce bleeding

220331 Fourth, in eyes

or early postoperative hemorrhage'
with tractional retinal detachment or substantial fibrovascular
proliferation, especially when the macula is threatened or
involved, vitrectomy is generally required; anti-VEGF should
be used cautiously because rapid neovascular contraction may
theoretically worsen traction in susceptible eyes, and surgical

25-26,

timing should be planned accordingly~**!. Fifth, in patients
at high risk of poor follow-up because of socioeconomic
barriers, limited transportation, poor health-system access,
severe systemic illness, or unstable glycemic or renal status,
PRP or combined PRP-based strategies may be preferable to
anti-VEGF monotherapy because of greater durability after
treatment completion.

The clinical consequences of missed follow-up are particularly
important when anti-VEGF therapy is used as a primary
or long-term strategy. Unlike PRP, which provides a more
durable reduction in ischemic drive after treatment completion,
anti-VEGF therapy requires repeated visits and reinjection to
maintain neovascular suppression. Therefore, loss to follow-
up is not merely a methodological limitation of long-term trials
but a clinically relevant determinant of prognosis, because
delayed retreatment may permit recurrent neovascularization,
vitreous hemorrhage, or tractional complications. The review
emphasizes the importance of long-term monitoring and

2931

retreatment readiness”", facilitated by advanced imaging—

ultra-widefield imaging for comprehensive peripheral

2286

37,39 34]

assessment” ! and OCTA for neovascular evaluation!

For surgical cases, preoperative anti-VEGF may improve

. . .. 26
intraoperative conditions"

, while higher-dose ranibizumab
may decrease early postoperative hemorrhage risk"™”, though
optimal dosing and timing require further study.

Strengths and Limitations This review has several key
strengths. First, it includes studies with long-term follow-up
(up to S5y), providing stronger evidence on sustained treatment
effects than prior reviews. Second, by combining randomized
trials and observational studies, it offers insights from both
controlled environments and real-world practice. Third,
we assessed a broad range of outcomes—including visual
function, disease progression, complications, and quality of
life—yielding a more comprehensive evaluation of treatment
impact.

Several limitations should be noted. Although follow-up was
longer than in previous reviews, data on outcomes beyond
Sy remain scarce, limiting insights into long-term durability.
Study heterogeneity—across designs, populations, and
outcome measures—prevented meta-analysis in some cases.
Another important limitation is that the review incorporated
both core comparative treatment studies and contextual
supporting evidence. Although this approach allowed
broader discussion of PDR assessment, monitoring, and
individualized management, only studies meeting the PICO-
based criteria were used to support conclusions regarding
comparative treatment effectiveness. Imaging-focused, cross-
sectional, screening, epidemiologic, and disease-progression
studies were retained for contextual interpretation but
were not treated as evidence of long-term treatment effect.
Additionally, evolving anti-VEGF regimens over time may
confound comparisons. Potential publication bias and the
predominance of studies from high-income settings may limit
generalizability, especially in resource-limited contexts where
PRP may be preferred due to feasibility concerns. Most studies
enrolled mixed type 1 and type 2 diabetes cohorts without
stratifying outcomes by diabetes type, baseline HbAlc, or
disease duration. Prior treatments were inconsistently reported.
Important clinical modifiers were also inconsistently reported
or not stratified across studies, including baseline DME status,
prior PRP, fibrovascular proliferation, vitreous hemorrhage
density, tractional components, lens status, renal disease,
pregnancy status, glycemic control, and socioeconomic barriers
to follow-up. As a result, the proposed decision framework
is clinically grounded but cannot be validated as a formal
predictive algorithm using the currently available evidence.
These unmeasured confounders may influence treatment
response and limit generalizability. Furthermore, we did not
systematically contact study investigators to obtain missing or
unpublished data, which may have contributed to incomplete
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outcome ascertainment for certain secondary endpoints. Future
updates of this review should incorporate author outreach
protocols and longer-term follow-up data to address these
evidence gaps. In addition, several recent reviews published
after the main electronic search window were used only to
contextualize the evolving diabetic retinopathy treatment
landscape and systemic risk-modification strategies™'""".
They were not incorporated into the core therapeutic evidence
synthesis or GRADE assessment.

Future Research Directions Future studies should address
the following priorities: a) extended follow-up (beyond Sy)
to assess the durability and safety of current treatments; b)
personalized treatment strategies, integrating patient-specific
factors and biomarkers; c) optimized combination/sequential
protocols, defining timing and patient selection; d) new anti-
VEGF agents and delivery systems, to reduce injection
burden and improve adherence; e) advanced imaging-guided
management, using modalities like OCTA and ultra-widefield
angiography; f) real-world comparative effectiveness studies
across diverse healthcare systems; g) cost-effectiveness
analyses, to guide resource allocation and policy development.
In conclusion, this systematic review suggests that anti-VEGF
therapy and PRP may achieve broadly comparable long-term
VA outcomes in selected patients with PDR, particularly within
structured follow-up settings. However, these treatments are
not interchangeable across all clinical scenarios. Anti-VEGF
therapy may be favored in adherent patients with concurrent
DME or when visual field preservation is a priority, whereas
PRP remains a durable and often preferable option when
follow-up reliability, healthcare access, or socioeconomic
conditions limit repeated injections. Vitrectomy remains
essential for non-clearing vitreous hemorrhage, tractional
retinal detachment, and advanced fibrovascular complications,
with perioperative anti-VEGF therapy used selectively.
Treatment planning should therefore consider DME status,
vitreous hemorrhage, tractional or fibrovascular components,
prior PRP, systemic risk, anticipated adherence, and healthcare
accessibility. Long-term surveillance and phenotype-based
individualized management remain central to PDR care.
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