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Background: The potential benefits of conbercept, aflibercept, and ranibizumab has been reported in 
patients with wet age-related macular degeneration (wAMD). However, their economic outcomes are still 
unclear. The current study would assess the cost-effectiveness of conbercept, aflibercept and ranibizumab for 
patients with wAMD in a Chinese healthcare setting.
Methods: A Markov model was constructed based on patient visual acuity. Five regimens were considered: 
usual care without active anti-vascular endothelial growth factor (VEGF) treatment, IVT-AFL (intravitreal 
aflibercept on a two-monthly basis following three initial monthly doses), RBZ q4 (ranibizumab monthly 
dosing), RBZ RPN (ranibizumab dose as needed) and IVT-CON (intravitreal conbercept on a three-
monthly basis after three initial monthly doses). Clinical, cost, and utility data were collected from published 
literature. 
Results: In comparison with usual care, the IVT-AFL, RBZ q4, RBZ PRN, and IVT-CON strategies 
provided an additional 0.235, 0.338, 0.228, and 0.324 quality-adjusted life years (QALYs), respectively. 
They had marginal costs of $6,800, $10,084, $4,640, and $6,173, respectively. The strategies also produced 
incremental cost-effectiveness ratios (ICERs) of $28,892, $29,857, $20,338 and $19,028/QALY, respectively. 
One-way sensitivity analysis showed utility of blindness (best-corrected visual acuity <35) to have the greatest 
sensitivity of all the parameters. Probabilistic sensitivity analysis (PSA) indicated that IVT-CON yielded the 
greatest probabilities of cost-effectiveness (about 92%) compared with other strategies.
Conclusions: Conbercept is a cost-effective option for the treatment of wAMD in a Chinese healthcare 
setting.

Keywords: Age-related macular degeneration (AMD); ranibizumab; conbercept; aflibercept; cost-effectiveness

Submitted Feb 04, 2020. Accepted for publication Jun 23, 2020.

doi: 10.21037/atm-20-1334

View this article at: http://dx.doi.org/10.21037/atm-20-1334

Introduction

Age-related macular degeneration (AMD), a chronic 
macular disease affecting the central retina, results in 
gradual loss and impairment of vision. According to the 
Global Burden of Disease Study 2017 (1), AMD was 
responsible for about 223,000 and 308,000 disability-
adjusted life years in men and women, respectively. Hand 

in hand with population aging, between 2007 to 2017, the 
disease burden was estimated to have risen by 34% and 28% 
in men and women, respectively. AMD can be classified as 
neovascular (wet or exudative) or nonneovascular (atrophic, 
dry, or non-exudative). Wet AMD (wAMD can affect 
central vision and with rapid progression over a period of 
weeks or months. Globally, it is one of the most prominent 
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causes of irreversible vision loss (2). AMD-associated 
blindness is currently one of the most challenging health 
issues across East Asia (3). 

Vascular endothelial growth factor (VEGF), with its 
angiogenesis-regulating ability, carries out a key role in the 
pathogenesis of wAMD. Over the last decade, the treatment 
patterns of wAMD have been substantially reformed 
with the introduction of new anti-VEGF agents, such as 
aflibercept and ranibizumab, which have been proved to 
be superior to conventional treatments (4). In December 
2013, conbercept, a recombinant fusion protein similar 
to aflibercept, with high affinity to all VEGF isoforms 
and PIGF, was developed and approved for the treatment 
of wAMD in China. One recent systematic review 
demonstrated conbercept to have comparable efficacy and 
safety profiles to ranibizumab (5). Moreover, the latest 
PHOENIX trial identified that a conbercept regimen of 
three initial monthly doses followed by quarterly treatments 
was effective for treating wAMD (6).

The potential benefits of conbercept, aflibercept, and 
ranibizumab reported in clinical trials were met with 
enthusiasm by ophthalmologists and patients alike. At 
present, both conbercept and ranibizumab have been 
frequently used in Chinese hospitals because they have 
become available for more than five year. Aflibercept 
also has been approved by Chinese National Medical 
Products Administration in 2018. However, their high 
cost is restrictive, and their widespread use would raise the 
socioeconomic burden on people and societies, particularly 

in areas where health resources are limited (7). Therefore, 
there is an urgent need for an economic evaluation of anti-
VEGF treatments in a clinical setting. In light of this, we 
carried out this evaluation of the cost-effectiveness of active 
anti-VEGF regimens for treating wAMD, in the context of 
a Chinese healthcare setting.

Methods

Analytic overview

We simulated the lifetime course of wAMD in hypothetical 
patients using a Markov model. The model structure, 
which is shown in Figure 1, included death state and five 
health states based on best-corrected visual acuity (BCVA) 
as follows: BCVA >79 (No visual impairment), 65 to 
79 (Mild visual impairment), 65 to 79 (Moderate visual 
impairment), 65 to 79 (Severe visual impairment), and <35 
(Blindness). During each one-month cycle of the Markov 
process, patients could remain in their state, or move to 
other health states. In each visual acuity state, patients were 
assumed to be in the median visual acuity for that state. 
Thus, an improvement by an average of 15 or 30 letters or a 
decrease by an average of 15 or 30 letters corresponded to a 
transition to the next higher or lower Markov state. 

The characteristics of the hypothetical patients were 
assumed to be similar to those in the PHOENIX trial (6). 
All of the patients were newly diagnosed with wAMD and 
had a baseline age of 66 years. As China-specific data was 
not available, the initial BCVA distribution was gathered 

Figure 1 Overview of the Markov model structure. Health states are defined by BCVA. Patients have the risk of death in any state in the 
model. BCVA, best-corrected visual acuity.

Moderate visual
impairment

BCVA: 65 to 79

Severe visual
impairment

BCVA: 35 to 49

Mild visual
impairment

BCVA: 65 to 79

No visual .
impairment
BCVA: >79

Blindness
BCVA: <35

Death



Annals of Translational Medicine, Vol 8, No 15 August 2020 Page 3 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(15):939 | http://dx.doi.org/10.21037/atm-20-1334

from published literature (8). Based on previous studies, the 
five following treatment strategies were assessed: 

(I) Usual care without active therapy (reference 
strategy) (9,10).

(II) Intravitreal aflibercept: 2 mg loading dose 
monthly for the first 3 months followed by every 
other month until month 12, then capped PRN 
(retreatment upon predefined retreatment criteria, 
with a mandatory injection every 3 months) until 
month 24 (IVT-AFL) (9,10).

(III) Intravitreal ranibizumab: 0.5 mg dose monthly for 
12 months, then capped PRN until month 24 (RBZ 
q4) (9,10).

(IV) Intravitreal ranibizumab: 0.5 mg loading dose 
monthly for the first 3 months followed by PRN 
until month 24 (RBZ PRN) (9,10).

(V) Intravitreal conbercept: 0.5 mg loading dose 
monthly for the first 3 months, then a dose once 
quarterly until month 24 (IVT-CON) (6).

In line with previous studies (9-11), the active treatments 
in the model were assumed up to 2 years. 

Costs, quality-adjusted life years (QALYs), and length of 
blindness (years) were measured. A yearly discount rate of 
5% was applied to both costs and QALYs. From these, we 
measured the incremental cost-effectiveness ratio (ICER; 
US $ per additional QALY gained) of active anti-VEGF 
strategies in comparison with the usual care strategy. The 
maximum threshold limit for cost-effectiveness was set as 
3x the Chinese gross domestic product (GDP) per capita in 
2018 ($28,410), based on the Chinese pharmacoeconomic 
guidelines (12).

Clinical inputs

The clinical profiles of each strategy were defined by 
the monthly proportions of gaining 15 to 30 letters and 
>30 letters, and losing 15 to 30 letters and >30 letters of 
vision. The annual probabilities of visual acuity change 
were transformed into monthly transition probabilities 
(Table 1). The clinical data of the IVT-AFL and RBZ q4 
strategies were gathered from the Phase III VIEW 2 trial; 
estimates for the IVT-CON strategy were obtained from 
the PHOENIX trial (6); and the RBZ PRN strategy was 
extracted from the previous economic study (9). After 
discontinuation of active treatment, the probabilities of 
visual acuity loss were gathered from a meta-analysis of 
the natural history of wAMD and the sham arm of the 
MARINA trial (13,14). Patients in the health states other 

than death would incur natural mortality, the data for which 
was obtained from the life tables of the World Health 
Organization (WHO) member states (2011). An excess risk 
of mortality was not assigned to patients with wAMD (9). 

Low vision increases the risk of falls and depression (15,16). 
The probabilities of depression and falls in each of the visual 
acuity categories were calculated by multiplying the risk 
ratios of each visual impairment category versus normal 
vision. The risk ratios and annual estimates of depression and 
falls were obtained based on our previous evaluation (11). 

Cost inputs

This analysis was performed against the context of the 
Chinese healthcare system. Costs are presented in 2018 US 
dollar ($1=¥6.8). Only direct medical costs were considered, 
including the costs associated with wAMD management 
and the follow-up and direct medical costs associated with 
wAMD comorbidities (Table 2). The mean annual number 
of injections for conbercept, aflibercept, and ranibizumab 
was estimated based on published trials by calculating the 
weighted average (6,8). The costs of drugs were obtained 
from a public databases (17), which presented the latest 
drug price in China. Due to the lack of dosage data in the 
second year, the number of injections for conbercept was 
set at 4 in the second year, corresponding with a trimonthly 
regimen recommendation. Beyond 2 years, the costs of 
anti-VEGF arms were assumed to be similar to those of 
the usual care strategy. For patients not receiving active 
anti-VEGF treatment, supportive care would be adopted. 
The cost was derived from the disease burden study, which 
involved 417 Chinese wAMD patients (18). The annual 
costs of comorbidities associated with low vision, including 
the depression and falls, were estimated based on our 
previous economic study (11). 

Health preferences

Utility estimates were collected from a published study by 
Czoski-Murray et al. using a time trade-off methodology 
(Table 2) (19). Only the treatment effect in the better-seeing 
eye was considered in this study; compared to the poorer-
seeing eye, it shows more notable correlation between 
utility values and vision (20). 

Sensitivity analyses

Sensitivity analyses are typically conducted to check that a 
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Table 1 Clinical estimates

Parameters
First year Second year Subsequent year

Reference
Expected value Ranges Expected value Ranges Expected value Ranges

Annually probability of gaining 15 letters

IVT‐AFL 0.25 0.232–0.268 0.025 0.019–0.031 0 0 (8)

RBZ q4 0.269 0.251–0.287 0.015 0.01–0.02 0 0 (8)

RBZ PRN 0.172 0.167–0.177 0 0–0.005 0 0 (9)

IVT‐CON 0.198 0.148–0.247 0.025 0.019–0.031 0 0 (6)

Usual care 0 0 0 0 0 0 (13,14)

Annually probability of gaining 30 letters

IVT‐AFL 0.059 0.049–0.069 0.002 0–0.004 0 0 (8)

RBZ q4 0.055 0.046–0.064 0 0 0 0 (8)

RBZ PRN 0 0 0 0 0 0 (9)

IVT‐CON 0.037 0.028–0.046 0.002 0–0.004 0 0 (6)

Usual care 0 0 0 0 0 0 (13,14)

Annually probability of losing 15 letters

IVT‐AFL 0.028 0.021–0.035 0.04 0.032–0.048 0.113 0.085–0.141 (8)

RBZ q4 0.039 0.031–0.047 0.04 0.032–0.048 0.113 0.085–0.141 (8)

RBZ PRN 0.12 0.115–0.125 0.062 0.057–0.067 0.113 0.085–0.141 (9)

IVT‐CON 0 0 0.04 0.032–0.048 0.113 0.085–0.141 (6)

Usual care 0.244 0.183–0.305 0.15 0.113–0.188 0.113 0.085–0.141 (13,14)

Annually probability of losing 30 letters

IVT‐AFL 0.023 0.017–0.029 0.01 0.006–0.014 0.068 0.051–0.085 (8)

RBZ q4 0.018 0.012–0.024 0.005 0.002–0.008 0.068 0.051–0.085 (8)

RBZ PRN 0 0 0 0 0.068 0.051–0.085 (9)

IVT‐CON 0 0 0 0 0.068 0.051–0.085 (6)

Usual care 0.148 0.111–0.185 0.091 0.068–0.114 0.068 0.051–0.085 (13,14)

Annually probability of endophthalmitis

IVT‐AFL 0 0–0.001 0 0–0.009 0 0 (8)

RBZ q4 0.005 0.002–0.008 0.005 0.002–0.008 0 0 (8)

RBZ PRN 0.004 0.002–0.006 0.004 0.002–0.006 0 0 (9)

IVT‐CON 0 0–0.001 0 0–0.009 0 0 (6)

Usual care 0 0 0 0 0 0 (13,14)

IVT-AFL, intravitreal aflibercept; RBZ q4, ranibizumab monthly dosing; RBZ RPN, ranibizumab dose as needed; IVT-CON, intravitreal  
conbercept.
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model does not have any structural uncertainty and to assess 
the impact of outputs when specific variables are altered. 
By using the ranges shown in Tables 1,2 or assuming ±25% 
of expected values, deterministic sensitivity analyses were 
carried out to test the impact of the parameters on the 
robustness of the results. A probabilistic sensitivity analysis 
(PSA) was performed to test the impact of uncertainty across 
all the parameters simultaneously by using a cohort of 1,000 
second-order Monte Carlo simulations. Beta distribution 
was assigned for proportions, probabilities, hazard and risk 
ratios, and utilities, while lognormal distribution was used 
for costs. Based on the results of PSA, acceptability curves 
were plotted, which measured the willingness to pay (WTP) 

threshold for an incremental unit of effectiveness.

Results

Base case analysis

Compared with the usual care for wAMD patients (Table 3),  
the IVT-AFL, RBZ q4, RBZ PRN, and IVT-CON strategies 
saved 1.446, 2.406, 1.894 and 2.471 years of blindness with 
a lifetime horizon (Table 3), respectively. This translated 
to an additional 0.235, 0.338, 0.228, and 0.324 QALYs 
respectively. The incremental costs of IVT-AFL, RBZ q4, 
RBZ PRN and IVT-CON against those of usual care were 

Table 2 Cost and utility estimates 

Parameters Expected value Range Reference

Cost input

Aflibercept per 4 mg 602.9 301.5–602.9 (17)

Conbercept per 2 mg 611.8 305.9–611.8 (17)

Ranibizumab per 2 mg 580.9 290.4–580.9 (17)

Supportive care per year 229.1 171.8–286.4 (18)

Intravitreal injection per event 38.2 28.7–47.8 (11)

Endophthalmitis per event 1,470.6 1,102.9–1,838.2 (11)

Fall per event 1,013.5 337.8–1,689.1 (11)

Depression per year 121 103–144.9 (11)

Doses of IVT‐AFL in the first year 7 7–7 (8,9)

Doses of IVT‐AFL in the second year 4.8 3.6–6 (8,9)

Doses of RBZ q4 in the first year 12 12–12 (8,9)

Doses of RBZ q4 in the second year 5.4 4.05–6.75 (8,9)

Doses of RBZ PRN in the first year 4.5 4.5–4.5 (8,9)

Doses of RBZ PRN in the second year 3.1 2.33–3.88 (8,9)

Doses of IVT‐CON in the first year 5.8 5.8–5.8 (6)

Doses of IVT‐CON in the second year 4 3.6–6 Assumed

Utility input

BCVA: >79 (No visual impairment) 0.88 0.85–0.91 (19)

BCVA: 65 to 79 (mild visual impairment) 0.81 0.78–0.84 (19)

BCVA: 65 to 79 (moderate visual impairment) 0.72 0.67–0.77 (19)

BCVA: 65 to 79 (severe visual impairment) 0.67 0.62–0.71 (19)

BCVA: <35 (blindness) 0.61 0.57–0.65 (19)

IVT-AFL, intravitreal aflibercept; RBZ q4, ranibizumab monthly dosing; RBZ RPN, ranibizumab dose as needed; IVT-CON, intravitreal  
conbercept; BCVA, best-corrected visual acuity.
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Table 3 Summary of cost ($) and outcome results in the base-case analysis 

Strategies Cost ($) QALY Years in blindness ICER ($/QALY)*

Usual care 31,154 6.552 7.846 NA

IVT-AFL 37,954 6.788 6.400 28,892

RBZ q4 41,239 6.890 5.440 29,857

RBZ PRN 35,794 6.781 5.952 20,338

IVT-CON 37,327 6.877 5.375 19,028

*, compared with usual care. QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; IVT-AFL, intravitreal aflibercept; 
RBZ q4, ranibizumab monthly dosing; RBZ RPN, ranibizumab dose as needed; IVT-CON, intravitreal conbercept.

Figure 2 Cost-effective frontiers of different competing strategies. QALY, quality-adjusted life year; RBZ q4, ranibizumab monthly dosing; 
IVT-AFL, intravitreal aflibercept; IVT-CON, intravitreal conbercept; RBZ RPN, ranibizumab dose as needed; ICER, incremental cost-
effectiveness ratio.

$6,800, $10,084, $4,640 and $6,173, respectively, which 
produced ICERs of $28,892, $29,857, $20,338 and $19,028/
QALY, respectively. The cost-effective frontier included 
the usual care, IVT-CON, and RBZ q4 strategies, and 
dominated IVT-AFL and extended dominated RBZ PRN 
strategies (Figure 2).

Sensitivity analysis

The deterministic sensitivity analyses of the IVT-CON 

strategy versus the usual care strategy showed that some 
model variables had a substantial impact on the results, 
which are presented in Figure 3. The variables with 
substantial influence included the utility of BCVA <35, 
the cost of conbercept, discount rate, RR of falls between 
blindness and normal vision, the utility of 50< BCVA 
<64, doses of conbercept in the second year, and patient 
age, which drove the ICERs over the threshold ($28,410/
QALY). Other variables, such as costs related to falls and 
depression, had moderate or little impact on the model 
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outputs. 
Based on PSA, acceptability curves showed that wAMD 

treatment with IVT-CON yielded acceptable ICERs at 
the $28,410/QALY threshold in most (about 92%) cases 
compared with the usual care, IVT-AFL, RBZ q4, and RBZ 
PRN strategies (Figure 4).

Discussion

To our knowledge, this evaluation is the first to conduct 
an economic analysis of the costs and health outcomes of 
conbercept, aflibercept, and ranibizumab and to compare 
them with those of usual care. The results of our analysis 
indicated that the cost per QALY gained by intravitreal 
conbercept treatment against usual care with a lifetime 
horizon is $25,849, just below 3× GDP per capita of 
China ($28,410 in 2018), making it a cost-effective option. 
However, other anti-VEGF drugs, including aflibercept and 
ranibizumab, did not present as cost-effective alternatives 
due to their unfavorable ICERs compared to that of usual 

care. These findings were further strengthened by PSA. 
The results of one-way sensitivity analysis suggested 

that the utility of BCVA <35 was the main driver of the 
economic outcomes, which indicates that anti-VEGF 
treatment would generate more cost-effective outcomes in 
patients with lower health preference of BCVA <35. One 
recent quality-of-life study revealed age to be a significant 
negative parameter of utility value (21). Because of the high 
prevalence of AMD among older people (>75 years) (22), it 
could be suggested that anti-VEGF treatment would prove 
to be more cost-effective in the older population.

One ISPOR 2015 meeting abstract showed that 
conbercept RPN is a superior cost-saving alternative for 
treating wAMD in Chinese people over a one-year time 
horizon, compared with monthly ranibizumab (23); this 
is inconsistent with our findings and could potentially be 
attributed to the price of anti-VEGF agents and clinical 
inputs. The price of conbercept ($988/0.5 mg) was about 
30% lower than ranibizumab ($1,426/0.5 mg) in 2015. 
However, after the recent pricing negotiations with the 

Figure 3 Tornado diagrams showing the affection of lower and upper values of each parameter in the incremental cost-effectiveness ratio 
of the IVT-CON versus usual care strategy. QALY, quality-adjusted life year; BCVA, best-corrected visual acuity; IVT-CON, intravitreal 
conbercept.
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Figure 4 Acceptability curves comparing the cost-effectiveness of different competing strategies. The threshold is US$28,410 (3× the gross 
domestic product per capita of China in 2018). QALY, quality-adjusted life year; IVT-AFL, intravitreal aflibercept; IVT-CON, intravitreal 
conbercept; RBZ RPN, ranibizumab dose as needed; RBZ q4, ranibizumab monthly dosing.

Chinese healthcare insurance system in 2019 (24), the 
prices of aflibercept, ranibizumab, and conbercept were 
substantially reduced, leading to a small difference between 
the prices of ranibizumab and conbercept. The efficacy 
data of the meeting abstract were extracted from the 
EXTEND II and AURORA trials, which were single-arm 
and controlled-dose studies, respectively, designed with 
only one-year follow-up time. Due to the heterogeneity of 
our study design and the patients’ baseline characteristics, 
the clinical efficacy data of the EXTEND II and AURORA 
trials could not be directly input into our model. 
Consequentially, these mode inputs and design led to our 
analysis producing cost-effective results, rather than the 
cost-saving results referred to in the meeting abstract. 

Several economic evaluations have been performed 
showing aflibercept to be cheaper than RBZ q4, while 
demonstrating similar efficacy. Aflibercept has proved to be 
more cost-effective than RBZ PRN in the United States, 

Japan, Sweden, and the Netherlands (9,10,25,26). Although 
our analysis also determined aflibercept to be cheaper 
than RBZ q4 in a Chinese healthcare setting, the ICER of 
aflibercept versus RBZ PRN was $446,942/QALY, which 
indicates that the aflibercept strategy is not cost-effective in 
comparison with the RBZ PRN strategy in China. Other 
economic evaluations have also found that bevacizumab is 
more cost-effective than both ranibizumab and aflibercept 
(27,28). However, our analysis only included anti-VEGF 
agents with indications, and bevacizumab has not yet 
been approved in China for treating AMD. Our previous 
evaluation found that, in a Chinese healthcare context, 
bevacizumab might serve as a better a cost-saving option 
than ranibizumab (11). With limited health care budgets, it 
is important to present realistic estimates of cost. Therefore, 
it should be noted that these reports were performed in 
high-income regions, which generally have better-funded 
healthcare resources and a higher threshold than middle 
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and low-income regions, such as China. Our findings might 
provide some economic evidence to inform the decisions 
of patients, physicians, and policymakers from middle and 
low-income regions. 

This analysis has several weaknesses that need to be 
considered along with its results. Firstly, because of a lack 
of direct head-to-head studies comparing aflibercept, 
ranibizumab, and conbercept with usual care, this study 
adopted an indirect approach in assessing the economic 
outcomes of the five strategies. In turn, this could have 
yielded inevitable bias in our findings due to the resulting 
study design and patient characteristics. Future evaluations 
should be updated if direct comparison data becomes 
available. Secondly, because of the lack of Chinese-specific 
inputs, especially the clinical profiles of aflibercept and 
ranibizumab and heath preference data, the present study 
mainly used data extracted from literature reported abroad, 
which might have contributed a degree of uncertainty. 
Recent subgroup analyses from the VIEW trials showed that 
the outcomes of intravitreal aflibercept, and ranibizumab 
among Asian patients are comparable to those among 
Caucasian patients (29). However, Chinese AMD patients 
and those in Western populations generally experience 
different quality of life (30,31). Thirdly, the current study 
did not test the ‘continuous treatment effect’ approach, 
under which anti-VEGF treatment would be administered 
beyond two years, because the efficacy of this approach 
is still unknown. Fourthly, this analysis did not include 
indirect costs, such as the loss of productivity, which could 
lead to a considerable social economic burden for a patient’s 
family and society. If these indirect costs were included, the 
cost-effectiveness of active anti-VEGF treatment would 
become more favorable. Fifthly, the current analysis did not 
consider other potential treatments, such as bevacizumab, 
which is not approve in Chinese clinical practice. Finally, to 
keep the model streamlined, reduced utility due to adverse 
events was not factored in. However, because adverse events 
are both uncommon and mild with conbercept, aflibercept, 
and ranibizumab, this had little impact on the outcomes. 

Conclusions

In conclusion, although conbercept, aflibercept, and 
ranibizumab are licensed for the treatment of wAMD in 
China, conbercept is the only option more cost-effective 
than usual care due to its favorable economic outcomes 
in the current Chinese healthcare setting. Therefore, 
conbercept should be preferred for treating the Chinese 

patients with wAMD by weighting the costs and clinical 
benefits. To alleviate the financial burden inflicted by 
wAMD, the price of anti-VEGF drugs should be reduced.
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