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Abstract 
Objective: To investigate the incidence of retinopathy of prematurity (ROP), 
analyze the risk factors of ROP, and put forward effective screening strategies, 
to reduce its incidence. Background: Retinopathy of prematurity (ROP) is an 
eye disease that can happen in new born premature (born early) babies or 
have weigh less than 3 pounds at birth. ROP happens when abnormal blood 
vessels grow in the retina. There are multiple risk factors, which are causing 
the ROP. In our study we will analyses the risk factors of ROP. Methods: 
From February 2016 to August 2021, 190 premature infants in the neonatal 
intensive care unit (NICU) who received inpatient care and ophthalmic screen-
ing was selected as study subjects. ROP group (n = 32) and non-ROP group 
(n = 158) were selected, and the clinical data of the two groups were com-
pared. Including oxygen concentration, mechanical ventilation, broncho pul-
monic dysplasia, delivery mode (cesarean section, vaginal delivery), blood trans-
fusion, anemia, gestational diabetes, gestational hypertension, fetal distress, 
preterm birth weight, gestation age, etc. Women were divided into two groups 
according to whether they had gestational diabetes mellitus (GDM) or not: 
gestational diabetic (n = 38) and non-gestational diabetics (n = 152). Age, 
pregnancy times, birth times, oxygen inhalation, birth weight, and gestational 
age were compared between the two groups. The X2 test for counting data 
and the t-test for measuring data are then conducted according to the distri-
bution characteristics of the data, The correlation analysis between ROP and  
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a single risk factor was performed by chi-square test, and the analysis of the 
correlation between many risk factors and ROP was conducted by Logistic 
regression analysis. Results: 1) The incidence of ROP in the GDM group was 
higher than that in the non-GDM group (P < 0.05). 2) Gestational age and 
birth weight in gestational diabetes mellitus were slightly higher than those in 
non-gestational diabetic group. But there was no difference in gestational age, 
birth weight, birth times, gestational times, and age between the two groups 
(P > 0.05). 3) Univariate analysis showed that oxygen use, birth weight, gesta-
tional age, bronchopulmonary dysplasia, pregnancy-induced hypertension, and 
fetal distress in the ROP group and non-ROP group were statistically signifi-
cant (P < 0.05). There was no difference in gender, mechanical ventilation, 
maternal age, and delivery mode between the two groups (P > 0.05). 4) Logis-
tic multivariate analysis showed that oxygen use, gestational hypertension, 
diabetes mellitus during pregnancy, fetal distress, bronchopulmonary dyspla-
sia, birth weight, and gestational age were the main risk factors for ROP. 
Conclusion: 1) Gestational diabetes mellitus is a high-risk factor for ROP. 2) 
Oxygen inhalation, birth weight, and gestational age are related to the occur-
rence and development of ROP. 3) In determining the initial screening time 
for ROP. 
 
Keywords 
Gestational Diabetes Mellitus, Retinopathy of Prematurity, Gestational Age, 
Birth Weight, Oxygen 

 

1. Introduction 

Retinopathy of prematurity (Retinopathy of Prematurity, ROP) as low birth weight 
or immature weight of retinal-related proliferative lesions, its main characteris-
tics for the formation of neovascularization and retinal ischemia, at the same 
time can further lead to retinal detachment, degeneration, even secondary glau-
coma, concurrent cataract, amblyopia, and strabismus, in serious cases, can also 
lead to children with blindness [1]. For the pathogenesis of ROP, the current 
medical community is generally recognized by the oxygen-free radical theory and 
cell molecule theory. It is found that multiple cytokines can affect the occurrence 
of neovascularization, and these cytokines can be divided into two types, respec-
tively, non-oxygen-related factors and oxygen-related factors, among which the 
former is more common is IGF-1, while the latter is representative. Because the 
retina is rich in phospholipids and is highly sensitive to oxygen radicals, there is 
literature [2]. It is reported that the large fluctuation range of blood oxygen can 
generate large amounts of oxygen free radicals, leading to retinopathy in animal 
models, and the retinal range of avascular areas can be reduced in the first phase 
of development. In a relatively hypoxia or high oxygen environment, the body 
produces a large number of oxygen radicals, and at the same time, because the 
functions of premature infants are not fully developed, oxygen radicals cannot 
be removed in time, resulting in retinal ischemia and retinal vascular damage. In 
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the early fetus, arteries from the choroid and vitreous provide nutrients for the 
development of the retina, when the embryo diameter is >100 mm, small vi-
treous vessels pass through the optic disc, and when small branches extend from 
the optic disc to the peripheral retina. In the early stage of this stage, only the 
nerve fiber layer is seen, and the later small branches can reach deep into the in-
terior. In general, the fetal retinal vessels begin to develop at 16 w, at 32 w at the 
nasal edge, and at 40 - 44 w after birth. If the fetus is born early at this stage, his 
retinal development is not perfect at this time. The temporal retina of premature 
infants shows vascularization and the relatively high oxygen environment after 
birth further contracts the retinal vessels of premature infants or even blocks. At 
the same time, because of hypoxia at this time, the body produces vascular pro-
liferation factor, which stimulates retinal blood vessels and promotes angiogene-
sis. The appearance of neonatal blood vessels further leads to a series of patho-
logical changes such as mechanization, bleeding, and exudation, which lays the 
pathophysiological foundation for the occurrence of ROP. Studies have found 
that retinal blood vessels develop through the inner boundary membrane to the 
optic web because of hyperplastic proliferation. The membrane surface and deep 
into the vitreous body, and then exudation and vitreous vascular mechanization, 
and then after the crystal, there will be connective tissue membrane formation, 
when the situation is serious, under the action of traction will lead to retinal de-
tachment, thus appear Blind, which will greatly reduce the long-term quality of 
life of children There are many opinions on the relevant high-risk factors for 
ROP, and different results come from different studies. The existing consensus is 
gestational age (gestational age, GA) and low birth weight (birth weight, BW) is 
the two risk factors for ROP, in addition, to placental abruption, maternal preg-
nancy preeclampsia, intrauterine distress, anemia, neonatal hypoxic-ischemic 
encephalopathy, neonatal hyperbilirubinemia, and multiple pregnancies, and 
many other factors have a certain association with ROP, but currently both in-
ternational or our domestic have no unified conclusion. In gestational women, 
gestational diabetes mellitus, and gestational hypertension are the more com-
mon complications, Pivodic Aldina [3]. In the study, gestational diabetes and 
hypertension were independent risk factors for ROP. Clinical research data show 
that in pregnant women with pregnancy hypertension, their systemic arterioles 
will undergo spastic contraction. Related studies found that pregnant women 
with pregnancy hypertension are prone to endovascular embolism, thus re-
ducing blood volume, and further damage to the function of the placenta, the 
occurrence of this situation, will greatly reduce fetal growth of necessary nu-
trients and oxygen, thus hindering its normal growth, lead to intrauterine dis-
tress, low weight and premature birth [4] [5]. Such as in the literature report 
pointed out that in gestational diabetes patients, because the body a long time 
high blood sugar levels, hyperglycemia can induce vascular lesions, increase the 
risk of hypertension in gestational diabetes children, further affect the fetal oxy-
gen, and the outcome is to delay fetal growth and development [6] [7]. 

To sum up, there are many international and domestic studies on the analysis 
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of risk factors related to ROP, but there is no unified conclusion, so it is particu-
larly important to analyze the high-risk factors of ROP in the current region. 
Therefore, through a retrospective analysis of the detection of retinopathy of 
prematurity (ROP) in our hospital in the past five years, the birth quality, gesta-
tional age, oxygen concentration and time, and mechanical ventilation were rec-
orded in detail. The clinical data of qi and bronchopulmonary dysplasia, further 
analyzed the clinical characteristics of ROP, and selected the corresponding risk 
factors through univariate analysis of several clinical factors and multivariate Lo-
gistic regression. And explore the appropriate screening strategies for retinopa-
thy of prematurity suitable for the neonatal intensive care unit in the region, so 
as not to avoid missed diagnosis and increase the pain and family and social and 
economic burden of the children. 

2. Materials and Methods 
2.1. General Information 

This paper retrospectively analyzed 190 premature infants who received inpa-
tient monitoring and ophthalmological screening in the neonatal intensive care 
unit (NICU) of our hospital from February 2016 to August 2021 as the research 
objects. According to the results of ROP screening, they were divided into the 
ROP group and non-ROP group, including 32 cases in the ROP group and 158 
cases in the non-ROP group. At the same time, to clarify the influencing factors 
of gestational diabetes on ROP, children were divided into gestational diabetes 
groups and non-gestational diabetes groups according to whether their mothers 
had gestational diabetes during pregnancy and obstetric examination. Among 
them, 38 cases in the gestational diabetes group were non-gestational diabetes 
mellitus. Group of 152 cases. 

2.2. Diagnosis, Inclusion, and Exclusion Criteria 
2.2.1. Diagnostic Criteria 
Diagnostic criteria for gestational diabetes: the diagnostic criteria for gestational 
diabetes were formulated according to the “China Guidelines for the Prevention 
and Treatment of Type 2 Diabetes (2017 Edition)” formulated by the Diabetes 
Branch of the Chinese Medical Association. Time for 75 g OGTT, OGTT 2 h 
blood sugar is 8.5 - 11.1 mmol/L; fasting blood sugar is 5.1 - 7.0 mmol/L, one of 
the above blood sugar values can be diagnosed as GDM. 

ROP diagnostic criteria: ROP was diagnosed and staged regarding the In-
ternational Classification of ROP. In the International Classification of ROP 
(ICROP), the retina can be divided into 3 regions. Zone I: take the optic disc as 
the center, draw a circle with twice the distance from the optic disc to the fo-
vea of the macula as the radius, and the area inside the circle is the zone I; zone 
II: draw a circle from zone I to the periphery of the retina on the nasal side, 
this annular area Zone II; Zone III: the remaining temporal meniscus beyond 
zone II is zone III, where ROP occurs most often. The most severe ROP oc-
curred in zone I, and the mildest in zone III. Most lesions occurred in zone III, 
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followed by zone II. 

2.2.2. Inclusion Criteria 
1) Low birth weight infants and premature infants with a gestational age of ≤34 
weeks or a birth weight of ≤2000 g; 2) singleton pregnancy; 3) complete preser-
vation of clinical data; 4) successful neonatal survival after birth; 5) family mem-
bers were informed about the study and signed the informed consent; 6) met the 
diagnostic criteria in the Guidelines for the Prevention and Treatment of Pre-
term Infants with Oxygen and Retinopathy. 

2.2.3. Exclusion Criteria 
1) Those with missing clinical data or lost to follow-up; 2) those with severe con-
genital chromosomal deletions or abnormalities; 3) those who died before eye 
screening; 4) those whose family members were unwilling to participate in the 
researcher; 5) eye structure Developmental abnormalities; 6) congenital malfor-
mations. 

3. Method 
3.1. Data Collection Method 

Clinical data of mothers and preterm infants were collected, including oxygen 
concentration, mechanical ventilation, bronchopulmonary dysplasia, mode of 
delivery (cesarean section, vaginal delivery), blood transfusion, anemia, gesta-
tional diabetes mellitus, gestational hypertension, fetal distress, maternal age, 
birth weight of premature infants and gestational age at birth. At the same time, 
the fetuses were screened at 4 weeks after birth, or their gestational age was cor-
rected to 32 weeks to carry out screening, and then based on the “China Guide-
lines for Retinopathy of Prematurity Screening” as the basic basis, they were di-
vided into no ROP group and ROP group. According to the international classi-
fication of ROP: 1) the demarcation line between the intraretinal vascular area 
and the non-vascular area is obvious in stage 1; 2) there is a crest-like eminence 
within the demarcation line in stage 2; fibroid hyperplasia or new blood vessels 
can be seen; 4) retinal detachment in stage 4; 5) complete retinal detachment in 
stage 5. 

3.2. Screening Methods 

If preterm infants meet the screening criteria and sign a screening agreement, 
the screening will begin. 60 minutes before the examination, use compound tro-
picamide eye drops to dilate eyes, 3 - 5 drops/time, 10 minutes/time, and com-
press the lacrimal sac to avoid systemic absorption. After the pupils are com-
pletely dilated, assist the child in a reasonable position in the dark room, usually 
in a supine position. After fixing the head, give the baby a pacifier if necessary, 
and then give proparacaine hydrochloride eye drops into both eyes. Under topi-
cal anesthesia, the infant opened the eyelids with a lid opener, and a binocular 
indirect ophthalmoscope was followed by a +20D pre-scope and fundus exami-
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nation using a scleral depressor. It should be noted that in the process of inspec-
tion, it is necessary to master the order, first, check the right eye, then check the 
left eye, first the optic disc, macula, posterior temporal, superior, inferior and 
nasal, and then inspect the retina in turn. In particular, the peripheral retina is 
examined. An experienced ophthalmologist was responsible for the screening of 
neonatal fundus diseases, and the screening results were recorded. During the 
examination, a neonatal monitor should be connected to closely monitor the 
neonatal heart rate, transcutaneous oxygen saturation, and other vital signs, to 
avoid fundus reflex-induced bradycardia, and excessive crying of the infant lead-
ing to suffocation, apnea, and other abnormal conditions happened. At the same 
time, the screening results are used as the basic basis to clarify the time of fol-
low-up. If there are only stage I lesions or no lesions in both eyes, a follow-up 
examination will be carried out in the next 2 weeks until the retinal blood vessels 
grow to the serrated edge or ROP degenerates; for stage II lesions If the degree of 
ROP decreases during the follow-up period, the examination can be carried out 
every 2 weeks until the disease completely regresses; for children with stage III 
disease, 2 - 3 times a week re-examination, for lesions that reach the pre-threshold 
or threshold level, fundus laser photocoagulation or surgery should be performed 
as soon as possible. 

4. Statistical Analysis 

The data of this study were analyzed by SPSS 20.0 software, and the measure-
ment data were expressed as mean ± standard deviation (x ± s), a t-test was per-
formed for comparison between groups, and the X2 test for count data and the 
t-test for measurement data were performed according to the distribution cha-
racteristics of the data, the correlation analysis between ROP and a single risk 
factor was performed by chi-square test, while the correlation analysis between 
multiple risk factors and ROP was performed by Logistic regression analysis, 
with P < 0.05 indicating a statistically significant difference. 

The basic principle of the logistic regression model: 

( ) 0 1 1 n nln Logit P x x
1

P
P

β β β ε+= = +…+ +
−

 

The probability of a good patient ROP outcome is P (binomial categorical de-
pendent variable Y = 1), and the probability of a poor outcome is (1 − P) (bi-
nomial categorical dependent variable Y = 0). Logit transformation is performed 
on P, that is, P is transformed into an [P/(1 − P)], which is recorded as Logit(P). 
The satisfaction probability prediction model can be obtained by the above 
transformation: 

( )0 1 1 12 12

1
1 exp

P
x xβ β β

=
 + − + + 

 

Among them, P is the probability of the incidence of ROP; n is the total num-
ber of independent variables; β1, β2, …, βn are the Logigistic regression correla-
tion coefficients of each independent variable; X1, X2, …, Xn are the independent 
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variables that affect the incidence of ROP in patients. 

5. Result 
5.1. High Incidence of ROP in Preterm Infants of Pregnant Women  

with Gestational Diabetes Mellitus 

Compared with the non-gestational diabetes group, the gestational diabetes 
group had a higher incidence of ROP, and the difference between the groups 
was statistically significant (P < 0.05), as shown in Table 1. This suggests that 
gestational diabetes may be an independent risk factor for ROP in premature 
infants.  

5.2. Analysis of Clinical Data of Cases 

We analyzed the relationship between gestational diabetes and gestational age 
and birth weight of preterm infants and found that the gestational diabetes group 
had slightly higher gestational age and birth weight compared with the non- 
gestational diabetes group, but the difference was not statistically significant (P > 
0.05). In addition, there was no statistical significance in the age, gravidity, and 
parity of the two groups of pregnant women (P > 0.05), as shown in Table 2. It is 
suggested that the incidence of ROP in the gestational diabetes group may not be 
related to maternal age, gravidity, and parity, and has no significant effect on the 
gestational age and weight of preterm infants. 

 
Table 1. Comparison of the incidence of ROP between the two groups. 

Group 
Number of  
examples 

Number of ROP  
cases (n) 

Incidence (%) 

Gestational diabetes group 38 12 31.6 

Non-gestational diabetes group 152 20 13.3 

X2 value   4.807 

P value   0.028 
 

Table 2. Comparison of clinical data between the two groups. 

Project 
Gestational diabetes 

group (n = 38) 
Non-gestational diabetes 

group (n = 152) 
t/x2  

value 
P value 

Gestational age     

<28 weeks 13 (34.21) 64 (42.11) 2.891 0.067 

28 - 34 weeks 25 (65.79) 88 (57.89)   

Birth weight     

<1500 g 17 (44.74) 75 (49.34) 3.014 0.055 

≥1500 g 21 (55.26) 77 (50.66)   

Age 31.55 ± 6.42 30.45 ± 5.12 1.192 0.237 

Pregnancy (times) 2.79 ± 1.55 2.65 ± 1.26 0.602 0.548 

Parity (times) 1.77 ± 0.67 1.67 ± 0.64 0.841 0.402 
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Table 3. Comparison of two groups by univariate analysis. 

project 
ROP group  

(n = 32) 
Non-ROP group  

(n = 158) 
X2 value P value 

Gestational age     

<28 weeks 26 (81.25) 51 (32.28) 7.454 <0.001 

28 - 34 weeks 6 (18.75) 107 (67.72)   

Gender     

Male 15 (46.87) 80 (50.63) 0.304 0.582 

Female 17 (53.13) 78 (49.37)   

Birth weight     

<1500 g 24 (75.0) 52 (32.91) 18.386 <0.001 

≥1500 g 8 (25.0) 106 (67.09)   

Bronchopulmonary dysplasia 19 (59.38) 28 (17.72) 15.386 0.001 

Mechanical Ventilation 10 (31.25) 34 (21.52) 2.566 0.105 

Maternal factors     

Age 27.18 ± 3.14 26.87 ± 3.72 0.744 0.451 

fetal distress 21 (65.63) 117 (74.05) 6.263 0.011 

Gestational hypertension 17 (53.13) 117 (74.05) 34.166 <0.001 

Anemia 7 (21.88) 50 (31.65) 1.072 0.323 

Blood transfusion 19 (59.38) 40 (25.32) 0.856 0.355 

Mode of delivery     

Natural delivery 12 (37.5) 80 (50.63) 0.155 0.698 

Cesarean section 20 (62.5) 78 (49.37)   

Oxygen usage     

Oxygen concentration > 50% 21 (65.62) 50 (31.65) 35.863 <0.001 

Oxygen concentration ≤ 50% 11 (34.38) 108 (68.35)   

 
Table 4. Analysis of risk factors for ROP in premature infants. 

Factor 
Regression 
coefficients 

standard 
error 

WaldX2 P value OR 95% CI 

Gestational age 0.916 0.206 8.455 <0.001 2.487 1.671 - 3.732 

Birth weight 0.888 0.317 9.186 <0.001 2.483 1.307 - 4.526 

Oxygen usage 0.544 0.162 4.967 <0.05 1.778 1.284 - 2.436 

Gestational  
hypertension 

0.552 0.218 4.873 <0.05 1.735 1.123 - 2.655 

Gestational diabetes 0.619 0.285 4.584 0.001 1.915 1.097 - 3.329 

Fetal distress 0.712 0.335 3.156 0.019 2.035 1.055 - 3.915 

Bronchopulmonary 
dysplasia 

0.648 0.312 3.545 0.001 1.914 1.056 - 3.918 
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5.3. Univariate Analysis of the Incidence of ROP 

Next, the effects of oxygen use, bronchopulmonary dysplasia, gestational hyper-
tension, fetal distress, birth weight, and gestational age on ROP in preterm in-
fants were further analyzed. Univariate analysis showed that there were signifi-
cant differences in gestational age, birth weight, bronchopulmonary dysplasia, 
gestational hypertension, oxygen consumption of preterm infants, and fetal dis-
tress between the ROP group and the non-ROP group (P < 0.05), that is, the 
preterm infants in the ROP group had shorter gestational age, lower birth weight, 
and more patients with bronchopulmonary dysplasia; pregnant women with ges-
tational hypertension, high concentrations of oxygen in preterm infants, and fet-
al distress had a higher incidence of ROP. Suggest that these may be risk factors 
for ROP. However, there were no significant differences in gender, mechanical 
ventilation, maternal age, and mode of delivery between the two groups (P > 0.05), 
as shown in Table 3. 

5.4. Multivariate Analysis of the Incidence of ROP 

Logistic multivariate analysis showed that gestational age, birth weight broncho-
pulmonary dysplasia, maternal hypertension, gestational diabetes, fetal distress, 
and oxygen consumption were associated with ROP, suggesting that these may 
be the main risks of ROP. Factors see Table 4. 

6. Discuss  

ROP is a retinal proliferative disorder that is characterized mainly by premature 
and low birth weight infants [8]. In recent years, with the continuous improve-
ment of the treatment level of premature infants in the national neonatology de-
partment, the survival rate of premature infants has continued to improve, and 
the incidence of ROP has also shown an upward trend, which has become the 
main cause of blindness in children [9] [10]. Therefore, it is extremely important 
to explore the possible related risk factors for the occurrence of ROP, to achieve 
early detection and early intervention, and reduce the occurrence of blinding 
events [11] [12]. Therefore, by including the clinical data of 190 premature in-
fants, this paper analyzes and explores the possible pathogenic factors of ROP 
and explores the ROP screening strategy suitable for this region. The results of 
this study are now discussed and analyzed. 

6.1. Analysis of Risk Factors for the Incidence of ROP 

In recent years, with the development of modern medical technology, the sur-
vival rate of premature infants has shown an obvious upward trend, but the in-
cidence of ROP is increasing. By analyzing the epidemiological survey data, the 
incidence rates of ROP in Turkey and Beijing were 34.32% and 13.11%, respec-
tively. Because each region has different screening standards, the incidence of 
ROP in different regions also has certain differences. Among the 190 premature 
infants in this study, 32 had ROP, with an incidence rate of 16.84%, slightly 
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higher than that in some regions at home and abroad. The reason may be related 
to the different screening standards adopted in each region [13]. For the patho-
genesis of ROP, there are currently two clinically accepted theories, namely the 
oxygen free radical theory and the cellular molecular theory. ROP is a multifac-
torial disease, neonatal asphyxia, oxygen inhalation, birth weight, gestational age, 
cesarean section, multiple births, blood transfusion, anemia, bronchial dysplasia 
(BPD), application of pulmonary surfactant, neonatal Respiratory distress syn-
drome (NRDS), maternal gestational diabetes, gestational hypertension, cesarean 
section, vitamin E deficiency, use of certain antenatal drugs, corticosteroids, IVF, 
patent ductus arteriosus, convulsions, intracranial hemorrhage, Many factors, 
such as pulmonary hemorrhage and hyperbilirubinemia, are related to the oc-
currence and development of ROP. In normal fetuses, retinal vascularization be-
gins at 16 weeks of embryonic life, vision occurs by 28 weeks, then the vitreous 
artery begins to degenerate, develops to the nasal Serrata by 36 weeks, and is ful-
ly vascularized until 40 weeks of gestation. There are many related factors in-
volved in this process, including pigment epithelium-derived factor (PDF), pla-
cental growth factor (PIGF), vascular endothelial growth factor (VEGF), and fi-
broblast growth factor (FGF2), among which the main function of FGF2 is In-
cluding the promotion of epidermal repair, tissue wound healing, stimulation of 
blood vessel formation, and promotion of fibroblast mesodermal cell mitosis and 
growth [14]. Studies have found that there is a clear correlation between the PI3K 
pathway and FGF2, and it has also been reported in the literature that retinal 
neovascularization (RNV) is inextricably linked to the PI3K signaling pathway 
[15]. Studies have found that FGF2, as a highly efficient growth factor, plays an 
extremely important role in the formation of pathological new blood vessels 
[16]. FGF2 will have a certain effect on the expression level of VEGF, promote 
the proliferation of vascular endothelial cells, and the proliferation of vascular 
endothelial cells has a synergistic effect with FGF2 and a hypoxic environment, 
and its effect is better than that of VEGF. Clinical research data show that the 
formation of retinal neovascularization is inextricably linked with the expression 
of VEGF. There are many types of factors in its family, including placental growth 
factor, VEGF-D, VEGF-C, VEGF-B, and VEGF-A. The formation of pathologi-
cal blood vessels is related to VEGF-A, and the abnormal expression of vascular 
endothelial growth factor is also an important factor in the formation of retinal 
neovascularization. Some studies have found that the effect of PEDF on the reti-
na is not limited to its maturation, development, and differentiation process. In 
the event of ischemic damage and mechanical damage to the retina, PDF also 
has neuronal protective effects. At present, the pathogenesis and risk factors of 
ROP are still unclear in clinical practice. Relevant kinds of literature point out 
that ROP has complex pathogenesis, and its risk factors include low gestational 
age and low birth weight of the fetus at birth. The same studies have found that 
fetuses with a gestational age of fewer than 28 weeks and a weight of less than 
1500 g have a higher ROP stage and a relatively severe disease [17]. The reason 
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for this may be that the gestational age at birth is too small, the birth weight is 
lower than that of normal infants, and various functions of the body are not fully 
developed, especially the retinal development is immature, and premature in-
fants themselves can lead to retinal damage. Due to the imperfect development 
of retinal blood vessels in premature infants, there are often avascular areas. Typ-
ically, intrauterine distress can induce hypoxia, and exposure to air after birth is 
located in a high-concentration environment because the retina is immature and 
highly sensitive to oxygen, which can promote retinal vasoconstriction, thereby 
presenting retinal hypoxia Status [18] [19]. Among perinatal women in my coun-
try, diabetes and hypertension are relatively common complications. The results 
of this study show that gestational hypertension and gestational diabetes are in-
dependent risk factors for the occurrence of ROP [20]. Consistent with research 
reports studies have shown that after the onset of gestational hypertension in pa-
tients with gestational hypertension, it can induce spasmodic contraction of the 
small arteries of the maternal body, increase the risk of thromboembolism in the 
placenta, and decrease the blood volume accordingly, further damage the pla-
cental function, and make the fetus unable to obtain enough. The lack of nu-
trients and oxygen hinders the normal growth and development of the fetus, 
thereby inducing the occurrence of intrauterine distress, low body weight, and 
premature fetal birth [21] [22] [23]. And others found in the literature report 
that after the onset of gestational diabetes mellitus, because the body is in a state 
of hyperglycemia for a long time, the risk of vascular lesions is increased, and the 
blood pressure level is further increased, which affects the fetal oxygen supply. 
This delays fetal growth and development. In this study, through univariate and 
multivariate Logistic regression analysis, it was found that oxygen consumption, 
gestational hypertension, gestational diabetes, fetal distress, bronchopulmonary 
dysplasia, birth weight, and gestational age were the main risk factors for ROP. 
The reasons for the analysis are as follows: 1) Maternal gestational diabetes. Di-
abetes, as a metabolic disease, is mainly characterized by chronic elevation of 
blood glucose level, which has a high incidence, and disturbance of glucose me-
tabolism during pregnancy can affect maternal health and normal delivery of the 
fetus. It has been reported in the literature that the risk of preterm birth with 
gestational diabetes is 2.4 times higher than that of women without gestational 
diabetes [21] [24]. Some scholars analyzed the risk factors of ROP in their re-
search and found that pregnant women with gestational diabetes mellitus are a 
more important risk factor, the main reason is that pregnant women with gesta-
tional diabetes can lead to the immaturity of fetal organs, especially gestational 
diabetes mellitus. It is the immature retina of premature infants that causes 
ROP. At the same time, abnormally elevated blood glucose levels in pregnant 
women can lead to an increased risk of preterm birth, and also have a direct im-
pact on intrauterine growth and development of the fetus, especially fetal retinal 
development, so gestational diabetes is an independent risk factor for ROP; 2) 
maternal intrauterine infection. Studies have found that intrauterine infection in 
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the mother during pregnancy is likely to have a direct impact on the nutrient 
absorption of the placental tissue and interfere with retinal development. The re-
tinal development of such fetuses after delivery is not high, resulting in retino-
pathy; 3) intrauterine fetal development distress. Most intrauterine distress oc-
curs after labor, but some also occur during pregnancy, which is not only an 
important factor leading to neonatal neurological sequelae and perinatal fetal 
death but also ranks first in the cause of perinatal death. It has been reported in 
the literature that the occurrence of ROP is related to fetal distress, and it is be-
lieved that the reason may be related to the large span of changes in oxygen par-
tial pressure from intrauterine anaerobic to sudden exposure to air [25]. At the 
same time, under normal circumstances, when the fetus is in respiratory distress, 
it can aggravate the hypoxia response of the body. This hypoxia response will 
have a direct impact on the development of the retina, affecting the develop-
mental maturity of the retina, thereby increasing the risk of retinopathy; 4) neo-
natal complications. Compared with preterm infants without comorbidities, such 
as neonatal hyperbilirubinemia, neonatal pneumonia, respiratory distress, and 
apnea, the risk of retinopathy in preterm infants is higher. It is mainly related to 
neonatal complications such as neonatal hyperbilirubinemia, neonatal pneumo-
nia, respiratory distress, suspension, etc., neonatal birth weight, and birth gesta-
tional age. Further analysis found that the higher the birth weight of premature 
infants. The lower and the younger the gestational age, the higher the risk of 
comorbidities, and the easier it is to develop retinopathy of prematurity; 5) oxy-
gen use. In the occurrence and development of ROP, a high concentration of 
oxygen (oxygen concentration > 50%) is a more important factor. Because the 
lungs of preterm infants with low gestational age and low birth weight are im-
mature and their lung function is imperfect, they often need oxygen support af-
ter birth. Oxygen is necessary to maintain life, but it is also a risk factor for pre-
mature infants. After delivery, premature infants directly enter the aerobic envi-
ronment outside the uterus from the anaerobic environment in the uterus, and 
they are in a high-concentration aerobic environment form. Because the func-
tions of various organs of newborns have not yet been fully developed, the anti-
oxidant defense mechanism in their tissues cannot remove a large number of 
oxygen free radicals in time, damage the retinal tissue, promote vasoconstric-
tion, make the retinal tissue in a state of hypoxia, and cause damage to the retin-
al neovascularization factors. Stimulation leads to the formation of new blood 
vessels in retinal tissue and induces the contraction of the neovascular mem-
brane, thereby forming ROP [26]. At the same time, the study found that the 
fluctuation level of blood oxygen saturation is a more important factor in the 
occurrence and development of ROP. In the rat ROP model, both unstable and 
hypoxic oxygen environments are caused by ischemic retinopathy one main rea-
son. Therefore, the occurrence of ROP is related to oxygen inhalation, and changes 
in the fluctuation range of blood oxygen saturation can lead to aggravation of 
the occurrence and development of ROP. It is stipulated in the “Guidelines for 
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the Treatment of Preterm Infants with Oxygen and Retinopathy Prevention and 
Control” that for children with percutaneous oxygen saturation < 85% or arterial 
oxygen partial pressure < 50 mmHg or combined with intrauterine distress, the 
target oxygen level percutaneous. The blood oxygen saturation is 90% - 95%, and 
the arterial oxygen partial pressure is 50 - 80 mmHg. At the same time, the re-
tinal development of premature infants stops after birth, because the retina is 
not yet mature, and its blood vessels are highly sensitive to oxygen. If oxygen 
inhalation is supplemented for a long time, the partial pressure of choroidal 
oxygen in premature infants can continue to increase and induce retinal vascular 
occlusion, contraction, the occurrence of this situation will greatly reduce the 
oxygen content of the choroidal blood vessels, so that the retina has a hypoxic 
response, stimulate the formation of new blood vessels, and lead to retinopathy; 
6) birth weight. Birth weight is a clinically recognized risk factor in the occur-
rence and development of ROP. Generally speaking, the birth weight of the 
newborn is often proportional to the gestational age, that is, the smaller the ges-
tational age of the newborn, the lower the birth weight, the less perfect the retin-
al development is, and the more prone to retinopathy; 7) age. Existing studies 
have shown that the development of the temporal retinal vessels of the fetus is 
inseparable from the support of the outer layer of cells and the matrix. This de-
velopment can only be completed when the fetus is full-term. The younger the 
age, the less the outer layer of cells and matrix support, and the lower the matur-
ity of the temporal retinal vascular development. At the same time, the imma-
ture retinal blood vessels will shrink violently, resulting in vascular atresia and 
blood interruption, so that new blood vessels appear on the retina, resulting in 
retinal proliferative lesions [27]. This study found that the occurrence of ROP 
has nothing to do with the mode of delivery, and there is currently no consensus 
on the relationship between ROP and the mode of delivery [28]. Some scholars 
have found in related studies that the risk of neonatal retinal hemorrhage is re-
lated to the mode of delivery. Compared with cesarean section, vaginal delivery 
can increase the risk of retinal hemorrhage, and vaginal delivery is an indepen-
dent risk factor for ROP [29], this study also has certain limitations. At present, 
both international and domestic advocate vaginal delivery, and the sample size 
of this study is relatively limited. If the sample content is further expanded, the 
result may not be the same and other studies found that the occurrence of ROP 
requiring treatment is related to natural childbirth [30]. However, some other 
studies reported in the literature that there is no clear relationship between the 
mode of delivery and the occurrence of ROP [31]. Therefore, whether there is a 
correlation between the occurrence of ROP and the mode of delivery needs to be 
further expanded in the sample data, or further confirmed by multi-center stu-
dies. 

6.2. Screening Strategies for ROP 

Although ROP is an important factor leading to blindness in children, the only 

https://doi.org/10.4236/ym.2022.64010


S. M. A. S. Naqvi et al. 
 

 

DOI: 10.4236/ym.2022.64010 108 Yangtze Medicine 
 

way currently found to prevent the development of lesions is timely screening, 
finding problems, and taking effective treatment measures as soon as possible, 
which will ultimately help children get a good prognosis, reduce the incidence of 
blindness, improve the long-term quality of life of children, improve the family 
happiness index, and reduce the burden on families and society. A study found 
that large-scale screening can reduce the missed diagnosis rate of children with 
ROP, but expanding the scope of screening objects will cause waste of medical 
resources on the one hand, and increase the suffering of children on the other 
hand [32]. Therefore, it is particularly important to develop a screening standard 
that is consistent with the characteristics of the NICU. Regarding the screening 
standards for ROP, there are certain differences in different countries and re-
gions. For example, in the United Kingdom, the gestational age is <31 weeks or 
the birth weight is <1500 g; in the United States is the gestational week < 28 
weeks or the birth weight < 1500 g; other European countries for example, in 
Sweden, the Netherlands, France, and Germany, the screening criteria are gesta-
tional age < 32 weeks or birth weight < 1500 g [33]. The Beijing Retinopathy of 
Prematurity Epidemiological Investigation Team suggested that local NICUs should 
use their observations as the basic basis to formulate screening standards that are 
consistent with their NICU characteristics. In this region, better cost-efficiency 
results can be obtained if screening is narrowed to <32 weeks gestational age or 
birth weight < 1500 g. It should be noted that the screening standards of a region 
and country are based on the local ROP detection rate, which needs to be for-
mulated in combination with risk factors, for example, for gestational age < 34 
weeks or birth weight < 2000 g. Newborns, if they have a history of oxygen inha-
lation, ventilator-assisted breathing, blood transfusion, etc., should expand the 
scope of screening accordingly. With the increase in the birth rate of premature 
infants and the detection rate of ROP, coupled with the improvement of the 
NICU monitoring level, we need to adjust the screening standards to adapt to 
the new situation in a certain period and use the epidemiological data of differ-
ent regions as based on the basic basis, it is feasible to formulate screening stan-
dards that meet the local area. There are certain differences in the understanding 
of the screening purpose and occurrence mechanism of ROP in different coun-
tries in the world, so the time of initial screening for ROP is also different. The 
time of initial screening for ROP has always been controversial. Western coun-
tries generally use postnatal age (PNA) as a single criterion to determine the ini-
tial screening time for ROP, that is, the initial screening at 4 weeks after birth; 
while the United States uses a double standard of corrected gestational age and 
postnatal age [34]. In recent years, by analyzing the risk factors for the occur-
rence of ROP, in some studies, some scholars suggested that the age of the child 
should be based on the week after birth. The main reason is that the gestational 
age is calculated based on the last menstrual period (LMP). Or if the pregnant 
woman has an incorrect memory of LMP, the incorrect corrected gestational age 
or corrected gestational age will be calculated, which will affect the time of the 
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initial ROP screening, resulting in missed diagnosis or misdiagnosis. Therefore, 
the use of postnatal age as the standard is relatively reliable. A multicenter study 
from CRYO-ROP reported that corrected gestational age or corrected gestation-
al age was associated with threshold ROP lesions and ROP, so the gestational age 
or weight of children at birth was not related to corrected gestational age or cor-
rected gestational age. Some scholars believe that the corrected gestational age or 
corrected gestational age should be used as the main criterion when calculating 
the initial screening time of ROP. Some regions and countries also believe that it 
is more convenient to use the corrected gestational age or the corrected gesta-
tional age standard, mainly because it is not easily affected by the gestational age 
or weight of the child. For determining the time of the initial screening, this 
study advocates that the corrected gestational age and postnatal age should be 
fully considered, and the earlier of the two should be selected, which should be 
combined with the clinical risk factors such as blood transfusion, oxygen inhala-
tion, and mechanical ventilation, to define an appropriate initial screening and 
re-screening time, to detect pre-threshold lesions in time, and take effective in-
tervention measures as soon as possible, to control the progression of the disease 
and reduce the occurrence of malignant events such as blindness. In 2015, a 
multi-center study in my country [35] suggested the following follow-up plan: 1) 
No ROP or ROP1 lesions: follow-up every other week until the gestational age 
was corrected at 44 weeks or the lesions regressed and disappeared. 2) ROP2 le-
sions: follow up once a week until the gestational age is corrected at 44 weeks or 
the lesions regress and disappear. 3) Lesions before the threshold: follow up once 
a week, consider laser or cryotherapy. 4) Lesions with the threshold of ROP3: it 
is recommended to contact the local hospital for emergency laser or cryotherapy 
within 72 hours. 5) ROP4 stage lesions: scleral cerclage or vitrectomy is recom-
mended. 6) ROP stage 5 lesions: vitrectomy is recommended. When determin-
ing the principle of follow-up for ROP, it is often not related to the risk factors 
and incidence of ROP. It is mainly based on the ET-ROP and CRYO-treatment 
guidelines and the international classification of ICROP. Currently, countries 
around the world have the same principle of follow-up. The screening results 
were used as the basic basis to determine the follow-up interval. In the United 
States, for zone 1 and 2 lesions, follow-up is conducted weekly; for incomplete 
vascularization in zone 1 and 2, it is conducted every 2 weeks; and for incom-
plete vascularization in zone 2, it is conducted every 2 - 3 weeks follow-up. The 
current principle in my country is that if the disease is below the threshold, fol-
low-up is performed every 2 weeks; if the pre-threshold disease category 2 or 
omental vascularization is limited to zone I, follow-up is performed once a week. 
Although there are some differences in the expressions in different countries in 
the world, they have the same standard, among which the United States has com-
plete retinal vascularization in zone 3, while my country has complete omental 
vascularization. At the same time, the Anglo-American joint multi-center study 
proposed three indications for discontinuing follow-up for ROP, as follows: 1) 
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complete retinal vascularization; 2) retinal vessels grow into zone 3 without zone 
2 ROP lesions; 3) corrected fetal at the age of 45 W, there is no progression or no 
pre threshold disease [36]. During the screening, if one of the above three indi-
cations occurs, screening is stopped.  

6.3. Fundus Lesions and Treatment of ROP 

ROP lesions are mainly divided into 5 stages, pre-threshold lesions, rapidly pro-
gressive ROP, and regressive stages. The guidelines propose that during the ROP 
screening process, follow-up can be continued for stage I and stage II lesions. 
Once stage III lesions are found, treatment should be started in time. At present, 
the main international surgical treatment options are laser photocoagulation 
therapy, condensation therapy, and intravitreal injection of Arizona monoclonal 
antibody. In this group of data, the fundus lesions of the 32 ROP premature in-
fants were mainly concentrated in stage III/III+, a total of 13 cases, accounting 
for 40.6%, and 3 cases with a pre-threshold disease, accounting for 9.4%. The 
intravitreal injection of ranibizumab alone was performed. 2 cases were treated 
with laser photocoagulation alone, 2 cases were treated with laser photocoagula-
tion alone, and 1 case was treated with intravitreal injection of ranibizumab 
combined with laser photocoagulation. The choice of retinopathy surgery is also 
debated in China [36]. compared the efficacy of intravitreal injection of ranibi-
zumab and laser therapy in type I and threshold retinopathy of prematurity 
through Mata analysis, indicating that laser therapy May be more effective than 
an intravitreal injection of ranibizumab. In addition, some scholars believe that 
laser treatment of ROP has a high success rate and significantly reduces the 
number of operations. It should still be the first choice for ROP treatment [37]. 
However, compared with laser photocoagulation surgery, intravitreal drug in-
jection has fewer complications, the peripheral retinal damage is mild, and the 
long-term efficacy of laser surgery has not been accurately reported. Due to the 
small sample size of this group of data, the difference and efficacy of the two 
surgical methods cannot be compared, and further clinical research is needed for 
the selection of surgical methods. 

7. Conclusions 

1) Gestational diabetes may be one of the independent high-risk factors for 
ROP. So it is particularly important to take effective measures to control mater-
nal blood glucose levels during pregnancy. 

2) Many factors such as gestational age, birth weight, and oxygen intake of 
premature infants are related to the occurrence and development of ROP, that is, 
the smaller the gestational age, the lower the birth weight, and the longer the 
oxygen therapy time and the higher the concentration, the higher the incidence 
of ROP high. We should pay attention to health care during pregnancy, streng-
then health education, and reduce the incidence of premature delivery, to pre-
vent ROP. 
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3) When determining the initial screening time of ROP, the double standard 
of postnatal age/corrected gestational age should be used, and the earlier of the 
two should be selected, especially the preterm infants with gestational diabetes 
mellitus as the key screening object. 
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Abstract 
Ovarian cancer is one of the most common gynecological malignancies. The 
5-year survival rate of ovarian cancer is only 50%, which is considered to be 
the most lethal gynecologic malignant tumor. The high mortality of ovarian 
cancer patients can be attributed to chemotherapy resistance, extensive intra-
peritoneal metastasis and other factors. Tumor antigens are expressed on the 
surface of tumor cells and represent potential drug targets. One of the anti-
gens is tumor associated nectin-4, which is a member of the immune globulin 
superfamily. This review highlights the role of nectin-4 as a therapeutic target 
for ovarian cancer, and discusses the relevant research data, which is an effec-
tive new direction in the treatment of ovarian cancer. 
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1. Basic Characteristics of Nectin-4 

Nectin-4, is a type I transmembrane 66 kDa polypeptide member of the nectin 
family encoded by nectin-4. It was discovered by bioinformatics in 2001. Human 
nectin-4 is mainly expressed in placenta [1]. As a tumor associated antigen, nec-
tin-4 is highly expressed in a variety of cancer cells and plays a role in the devel-
opment and proliferation of tumors. Blocking nectin-4 can reduce tumor proli-
feration and induce apoptosis in several malignant tumors. Antibody drug con-
jugate has been used as a potential drug target. Together with cadherin, nec-
tin-4 participates in the formation and maintenance of adhesion. In addition, as 
a stimulating receptor of prolactin receptor, nectin-4 regulates the feedback in-
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hibition of SOCS1 in jak2-stat5a signaling pathway. Nectin-4 can also act as a 
receptor for several measles viruses, including those in humans. The mutation of 
nectin-4 is responsible for ectodermal dysplasia syndromia type 1, a rare auto-
somal recessive disorder. Recently, it has been reported that the expression of 
nectin-4 is high in ovarian cancer [2] and is related to tumor progression and 
survival [3] [4] in retrospective studies. 

2. Nectin-4 as a Drug Target 

Enfortumab vedotin is an ADC targeting nectin-4, which has been proved to be 
effective for solid tumors and malignant tumors. Enfortumab vedotin has been 
approved by the U.S. Food and Drug Administration for the treatment of uro-
thelial carcinoma. In addition, preclinical studies have demonstrated the efficacy 
of ADCs targeting nectin-4 for solid tumors other than urothelial carcinoma. 
ADC was designed to target cell surface antigen, and the expression of nectin-4 
in cancer cells was higher than that in normal cells. ADC consists of a monoc-
lonal antibody against an over expressed tumor associated protein target protein 
and a cytotoxic drug [5] that is chemically linked to the antibody. ADC is intra-
venously injected [6], and their distribution in tumors is due to the long circu-
lating half-life of the antibody. After the ADC binds to the cell target, the antigen 
complex is internalized, and the intracellular transportation and processing pro-
ceed along the reduced pH gradient through the endocytosome pathway. The 
type and location of processing is determined by the type of ADC connector. If 
the ADC linker is not cleavable, complete protein degradation of ADC is re-
quired, so effective lysosomal transport is needed. If the ADC linker is cleavable, 
the cleavage mechanisms include the hydrolysis of acid unstable bonds in acidic 
intracellular chambers, the cleavage of intracellular protease dependent and es-
terase dependent peptide and ester bonds, or the reductive decomposition of 
disulfide bonds in intracellular compartments. In addition, division may take 
place in early or late endosomes, independent of lysosome transpor payload is 
released [7] [8], it diffuses into the appropriate cells to trigger cytotoxicity. At 
present, the payloads are divided into two types, which affect DNA and tubulin 
formation. 

Antibody drug conjugate (ADC) is a relatively new class of anticancer drugs, 
which aims to combine the selectivity of monoclonal antibodies with the cytotox-
icity of chemotherapy. Recently, three new types of ADCs have been approved, 
namely trastuzumab, drutecan and savidankang, which target HER2, mandatory 
mAb and nectin-4, respectively. 

3. Clinical Studies of ADC Drugs 

Antibody drug conjugates are monoclonal antibodies against surface proteins of 
cancer cells. These antibodies are associated with an effective cytotoxic drug. By 
preferentially delivering cytotoxic drugs to tumors, ADC can achieve high tumor 
drug concentration and efficient cancer cell killing, and has low systemic distri-
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bution and miss target effect. ADC has three basic components—antibody, link-
er and cytotoxic payload [9] [10] [11]. Compared with the corresponding tradi-
tional cytotoxic drugs, the structural effectiveness and tolerance of ADC depend 
on the specificity of monoclonal antibody and the stability of linker. The best 
target antigen should be highly expressed in tumor cells and lowest in other 
parts of the body. Unlike typical targeted therapies that usually act to inhibit 
carcinogens, ADC may play an anti-tumor role, even targeting surface proteins 
that do not directly promote cell growth and proliferation, as long as they are 
highly and selectively expressed in the tumor microenvironment and can pro-
mote internalization. In addition to antigen selection and antibody design, the 
properties of chemical linkers are keys to the stability of ADC structure and the 
release of cytotoxic payloads into tumors. The linker can be divided into pyro-
lytic and non cleavable. The non cleavable linkers are usually very stable in cir-
culation, and maintain physical connectivity between warheads and amino acid 
residues after lysosome degradation in ADC structure cells, both of which pro-
mote very accurate delivery to antigen expressing cells [12]. On the other hand, 
although cleavable linkers are usually unstable in circulation, they allow the re-
lease of small cytotoxic loads within the cell and then spread to the tumor mi-
croenvironment to play an anti-cancer effect on adjacent cells, regardless of the 
target antigen expression. This phenomenon is called bystander effect. Ongoing 
work on the biomolecular engineering of ADC focuses on further optimizing 
the linker to maintain circulatory stability—thereby minimizing systemic toxic-
ity—while allowing cytotoxic release within the tumor and bystander killing. In 
addition to technological advances that allow the development of more effective 
ADC linkers, the properties of cytotoxic agents have also been developed. Pre-
vious generations of ADCs using conventional chemotherapy drugs failed to 
produce sufficient efficacy at tolerable doses. However, the recent development 
of ADC relies on more efficient cytotoxins that cannot be systematically used. 
Since there are a limited number of target antigens on any given cancer cell, and 
each ADC constitutes a limited number of cytotoxic molecules, the effective 
intratumoral drug concentration is quite low. Cytotoxic drugs must be able to 
overcome MDR1 mediated efflux, which is an established mechanism of ADC 
resistance. 

A drug called gituzumab ozogamycin was the first ADC approved by FDA in 
2000 [13] [14] [15] omycin is composed of monoclonal antibodies against CD33. 
CD33 is highly expressed in most acute myeloid leukemia (AML) cells. It is 
coupled to calicamycin, an effective anti-tumor antibiotic, through acid hydro-
lyzable hydrazine conjugate, a drug that acts by inducing double stranded DNA 
cleavage of specific motifs. The number of patients in phase II who received an 
accelerated response to doxorubicin in the phase III trial was subsequently in-
creased due to the addition of doxorubicin. However, continued efforts to mod-
ify the dosing regimen and minimize toxicity have led to more encouraging sur-
vival data. On this basis, the US FDA re-approved gittuzumab oxazogamycin for 
AML in 2017. 
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4. Relationship between Nectin-4 and Ovarian Cancer 

Abnormal expression of nectin-4 has been observed in several cancer types, in-
cluding bladder cancer, breast cancer, lung cancer, pancreatic cancer and ova-
rian cancer. The activation of WNT in PI3K-Akt signaling pathway by nectin- 
4-β-Catenin and Rac small G protein promote the proliferation and metastasis 
of cancer cells. In addition, nectin-4 interacts with the tyrosine kinase receptor 
erbB2 to promote its activation, thus stimulating PI3K-Akt signaling pathway. 
However, overexpression of nectin-4 itself does not provide sufficient evidence 
of its pathogenicity. Neither the protein expression nor the genomic evidence 
itself is the evidence of driving oncogenes; there is still a lack of direct evidence 
that nectin-4 is a driving gene for cancer. Although nectin-4 has been proved to 
be a prognostic marker for various cancers, a prognostic marker is expected to 
prove its analytical and clinical validity, as well as its clinical utility; nectin-4 
has not yet met these criteria and may need to be supplemented by other pre-
dictors of outcome to provide sufficient accuracy and practicality in clinical 
practice. 

In HCC (hepatocellular carcinoma), the expression of nectin4 was over ex-
pressed in 68% of HCC tissues. The positive expression of nectin4 was signifi-
cantly correlated with tumor size, metastasis status, vascular invasion and lymph 
node metastasis stage. The expression of nectin-4 was also associated with poor-
er relapse free and overall survival, univariate and multivariate. In gastric cancer, 
the expression of nectin-4 in cancerous tissues is higher than that in normal gas-
tric tissues, and it is associated with poor prognosis. Previous studies have 
shown that nectin-4 is overexpressed in 51.5% of high-grade serous ovarian 
cancer tissues, but has no effect on survival in heterogeneous populations with 
different histology (serous, mucus, uterine fluid like and clear cells), grading and 
FIGO staging. The abnormal expression of nectin4 showed several cancer enti-
ties, and the expression rate was 47% in primary serous tumor and 79% in me-
tastasis of serous ovarian cancer. In a study that evaluated the expression of nec-
tin-4 in 39 patients with ovarian cancer, 21 patients with benign ovarian pathol-
ogy, and 25 healthy controls, increased expression of nectin-4 mRNA was found 
in 97.4% of ovarian cancer samples. In human ovarian cancer cells, the signific-
ance of nectin-4 in cell-cell adhesion, proliferation and migration has been con-
firmed by experiments [16]. 

However, one of the peptides n4-p10 significantly inhibited the formation of 
spheroids. The ability of peptide n4-p10 to prevent ovarian cancer cell aggrega-
tion can improve the efficacy of chemotherapy by maintaining cell aggregation 
as single or small cells [17] [18] [19]. Two steps in the previous studies of sphe-
roid formation and spheroid formation were described. Studies have shown that 
ovarian cancer cell lines with dense spheroids are more aggressive than loose 
aggregates, suggesting that the inhibition of globular formation by nectin-4 pep-
tide can reduce the metastasis of ovarian cancer. Targeting cell adhesion mole-
cules involved in globular formation can improve the sensitivity to chemothera-
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peutic drugs. Similarly, the use of peptides to block laminin induced globular 
formation can improve the efficacy of cisplatin in ovarian cancer cells [20]. The 
formation of multicellular globules is a key component of the progression of 
ovarian cancer, and may play a role in metastasis and chemotherapy resistance 
[21]. It is suggested that the use of peptide to inhibit cell adhesion and spheroid 
formation may be a new method to increase chemotherapy response of ovarian 
cancer. In addition to nectin-4, other cell adhesion molecules, such as cadherin 
and Mucin-4, are also involved in the spheroid formation and metastasis of ova-
rian cancer [22] [23] [24]. Targeting cell adhesion molecules involved in globu-
lar formation can improve the sensitivity to chemotherapeutic drugs. Using po-
lypeptides to block laminin induced spheroid formation can improve the efficacy 
of cisplatin in ovarian cancer cells. 

5. Conclusion and Prospect 

Tumor associated antigen nectin-4 is selectively overexpressed in ovarian cancer 
and other types of cancer, which represents a feasible target for anticancer ther-
apy of ADC. Therefore, the results of ongoing and future studies on the combi-
nation of immunotherapy and other new drugs are expected. It is mainly used as 
a binding platform for ADC to force the mAb vidodin to deliver the payload 
MMAE and destroy the cancer cells containing nectin-4. The function of nec-
tin-4 is not over correlated with the payload effect. The reason for choosing tu-
mor associated antigen nectin-4 as a target of ovarian cancer is that there are a 
large number of discoveries in ovarian cancer. Although the expression of nes-
tin-4 in normal human tissues is significantly lower than that in ovarian cancer 
tissues, the presence of nestin-4 in normal tissues contributes to the target effect 
of mandatory monoclonal antibodies in the toxic characteristics of drugs. In or-
der to reduce target toxicity, other methods are being used to further optimize 
the ADC. Although ADC is an effective anticancer drug, resistance to ADC can 
be produced. It is necessary to further evaluate the primary and secondary me-
chanisms of drug resistance. It is necessary to fully understand the mechanism of 
ADC resistance through effective preclinical experiments, so as to make ovarian 
cancer patients live longer. 
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Abstract 
Background/Aim: Conventional treatment for hypertrophic anal papillae (HAP) 
has effectiveness and safety concerns. This study aimed to investigate the fea-
sibility, safety, and efficacy of transparent cap-assisted endoscopic hot snare 
resection for the treatment of HAP. Methods: Endoscopic and clinical data of 
patients treated with transparent cap-assisted endoscopic hot snare resection 
for HAP at the Department of Gastroenterology, First Affiliated Hospital of 
Yangtze University from June 2019 to June 2021, were collected and retros-
pectively analyzed. Results: A total of 56 patients with HAP were treated with 
transparent cap-assisted endoscopic hot snare resection, including 53 patients 
(94.6%) with single hypertrophic anal papillae and 3 patients (5.4%) with mul-
tiple HAP; 51 patients (83.6%) with basal diameter <5 mm and 10 patients 
(16.4%) with basal diameter ≥5 mm. The procedures that were performed to-
gether with transparent cap-assisted endoscopic hot snare resection for HAP 
treatment included total colon examination in 56 cases (100%), endoscopic 
polypectomy in 20 cases (35.7%), endoscopic sclerotherapy for hemorrhoids 
in 29 cases (51.8%), and endoscopic rubber band ligation for hemorrhoids in 
11 cases (19.6%). No patient experienced bleeding during or after HAP with 
transparent cap-assisted endoscopic hot snare resection. Pain level was eva-
luated by the visual analog score (VAS) method. 52 patients (92.9%) did not 
have pain and 4 patients (7.1%) had mild pain 3 days after surgery. At a 
postoperative follow-up of 2 to 18 months, patient satisfaction with transpa-
rent cap-assisted endoscopic hot snare resection for HAP treatment was 100% 
(56/56). Conclusion: Transparent cap-assisted endoscopic hot snare resection 
is safe and effective for treating HAP. 
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1. Introduction 

Anal papillae are triangular, yellowish-white, papillary protrusions below the anal 
flap that can become inflammatory and hypertrophic when stimulated by infec-
tion, trauma, and other factors. Hypertrophic Anal Papillae, also known as anal 
papilloma or anal papillary fibroma, is a relatively common clinical anorectal 
disease. On one hand, some patients suffer from itching, swelling and discomfort 
in the anal area due to anal papilloma, and even repeated prolapse of the anal 
papilla, which affects patients’ daily life; on the other hand, although anal papil-
loma is mostly a benign tumor, related reports show that hypertrophic anal pa-
pillae have a tendency to become malignant [1] [2].  

Therefore, if the diagnosis has been established, it should be excised as early as 
possible and examined pathologically to avoid further deterioration of the pa-
tient’s condition and the possibility of underdiagnoses and misdiagnosis. Con-
ventional external and internal ligation for the treatment of hypertrophic anal 
papillae may result in dyspareunia, pain during defecation, and slow healing 
[3]. With the continuous progress of endoscopic technology, some studies have 
reported that endoscopic excision of hypertrophic anal papillae under transpa-
rent cap-assisted endoscopy is safe and effective, with easy manipulation, short 
treatment time, high patient acceptance, and better prognosis [4] [5] [6]. As a re-
sult of endoscopic technology advancement, simultaneous hypertrophic anal pa-
pillotomy with transparent cap-assisted endoscopic resection for hemorrhoids was 
completed, and no bleeding or other complications were observed during the pro-
cedure in previous studies [7] [8] [9] [10]. However, so far, there are still few stu-
dies on endoscopic hypertrophic anal papillotomy in diagnosis and treatment, 
and the level of evidence is low.  

On this basis, this study mainly investigates the feasibility, safety and effective-
ness of hypertrophic anal papillotomy by adopting transparent cap-assisted en-
doscopic hot snare resection. 

2. Materials and Methods 
2.1. Study Design and Population 

Fifty-six patients who underwent transparent cap-assisted endoscopic hot snare 
resection for HAP at the Department of Gastroenterology, First Affiliated Hos-
pital of Yangtze University between June 2019 and June 2021 were selected as 
study subjects. Relevant medical history and general information from the pa-
tients were collected, and clinical data (including age, sex, relevant medical his-
tory, clinical manifestations, endoscopic examination, treatment, pathological re-
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sults, hospitalization time and follow-up results) of all patients were retrospec-
tively analyzed. Patients with colonoscopy suggested HAP, patients who refused 
traditional surgery, a diagnosis confirmed by pathological examination, and those 
who gave their informed consent by signing a consent form themselves were in-
cluded in this study.  

Patients with combined anal stenosis, anal fissure, fistula, fecal incontinence, 
ulcerative colitis, Crohn’s disease were excluded. Furthermore, in this study, pa-
tients with uncontrolled hypertension, significant bleeding tendency, pregnant 
and lactating women, patients with mental disorders and severe liver and kidney 
dysfunction, those who refused to undergo endoscopic treatment and follow med-
ical prescriptions, or were automatically discharged from the hospital were not 
considered. Ethical approval was obtained from the First Affiliated Hospital of 
Yangtze University Ethics Committee.  

2.2. Endoscopists, Equipment, and Procedure 

All endoscopic procedures were performed by two gastrointestinal physicians (XT 
and PW) with rich experience in endoscopy (annual colonoscopy volume > 1000 
cases, working experience > 10 years). A day before the examination, the patients 
had a low-fiber diet with little residue and fasted 12 hours before the procedure. 
Six to eight hours before the endoscopy, polyethylene glycol electrolyte disper-
sion (2 boxes dissolved in 2 - 3 L of water, taken within 2 hours before the endos-
copy) was administered for intestinal preparation until clear stools were passed, 
and when necessary, an auxiliary cleansing enema was given. The patients were 
anesthetized with sufentanil and propofol intra-venously [11], oxygen was admi-
nistered intranasally during the operation, and pulse rate, blood pressure, and 
oxygen saturation were monitored. An endoscope (Olympus CF-H260AI, colo-
noscope) was fixed with a conventional straight transparent cap at the tip, and 
the field of view was fully exposed under inflated conditions.  

Patients were treated endoscopically if they had colorectal polyps or grade 
I-III internal hemorrhoids that had failed to respond to general treatment [12]. 
Endoscopic resection was considered based on patients’ symptoms (including 
incomplete defecation, perianal itching, etc.) or HAP basal diameter ≥5 mm. 

According to the number, morphology and size of HAP, an electrosurgical snare 
(Olympus, SD-240U-15, 15 mm ring warp, 0.4 mm wire warp) was fed into the 
diameter of the biopsy orifice. Then, the HAP was ensnared, tightened, and the 
lesion was gently lifted and pulled away from the intestinal wall by a marginal 
distance as far as possible. High-frequency electrical effect was set to 30 W, with 
electrocoagulation followed by excision of the HAP. After excision of all HAP, 
the mucosal defects were thoroughly flushed, and the mucosal edges were care-
fully observed for local bleeding, perforation, and residue. The excised HAP were 
recovered and sent for pathological examination. Before retiring the scope, the 
contents of the intestinal lumen (gas and intestinal fluid) were aspirated as much 
as possible to reduce postoperative bloating, abdominal pain, and the need for de-
fecation. HAP resection alone was performed without submucosal injection and 
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without prophylactic antibiotics. 
Postoperatively, a diclofenac sodium suppository and one compound kerata-

nate suppository were routinely administered as well as a daily one sit bath with 
1/5000 potassium permanganate solution. The operation procedure is shown in 
Figure 1. 

Postoperative pain was assessed using the visual analog scale (VAS) pain scale 
[13]. In our facility, patients are routinely assessed for postoperative pain using 
the VAS pain scale in the inpatient wards. The basic method is to use a 10-cm- 
long moving scale with 10 scales on one side, “0” and “10” on both ends. 0 indi-
cates that there is no pain; 1 to 3 indicates mild pain, which is tolerable; 4 to 6 
indicates moderate pain, which affects sleep and is still tolerable; 7 to 10 indi-
cates severe pain, which is unbearable and affects appetite and sleep. In clinical 
use, the patient was asked to mark the corresponding position on the ruler that 
represented his or her pain level by turning the scaled side back to the patient, 
and the physician gave him or her a score according to the position marked by 
the patient.  

2.3. Statistical Analysis 

SPSS 22.0 statistical software was used for data analysis. Continuous data were 
ex-pressed as Mean ± SD and categorical variables were expressed as percentages. 

 

 
Figure 1. Transparent cap-assisted endoscopic hot snare resection for hypertrophic anal 
papillae (a) Transparent cap-assisted endoscopic observation of hypertrophic anal papil-
lae; (b) transparent cap-assisted endoscopic treatment of hot snare resection treatment; (c) 
postoperative trauma; (d) post-resection hypertrophic anal papillae sent for pathological 
examination; (e) pathology suggestive of hypertrophic anal papillae (HE ×200); (f) com-
pleted together with transparent cap-assisted endoscopic sclerotherapy for internal he-
morrhoids; (g) postoperative review at 7 weeks after surgery. 

(a) (b) (c)

(d) (e) (f)

(g)
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3. Results 
3.1. Characteristics of the Participants 

A total of 56 patients with HAP were treated with transparent cap-assisted en-
doscopic hot snare resection. Among them, 24 cases were male and 32 cases 
were female; age ranged from 23 to 79 years, mean (54.89 ± 11.73) years; 16 cas-
es (28.6%) had a history of hypertension; 11 cases (19.6%) had a history of con-
stipation; 3 cases (5.4%) had a history of hemorrhoid surgery; 2 cases (3.4%) had 
a history of diabetes mellitus, and 2 cases (3.6%) had a history of coronary heart 
disease. There were 42 cases (75.0%) of combined internal hemorrhoids (23 cas-
es of degree I, 16 cases of degree II and 3 cases of degree III); 4 cases (7.1%) of 
mixed hemorrhoids; and 3 cases (5.4%) of external hemorrhoids. The patient’s 
clinical manifestations include 47 cases (83.9%) with bleeding; 33 cases (58.9%) 
with incomplete defecation; 26 cases (46.4%) with prolapse; 9 cases (16.1%) with 
perianal itching; 9 cases (16.1%) with perianal pain; 5 cases (8.9%) without any 
symptoms (see Table 1 for details). 

 
Table 1. Basic information of patients with hypertrophic anal papillae treated with trans-
parent cap-assisted endoscopic hot snare resection (n = 56). 

Item Numerical value 

Age (years) 54.89 ± 11.73 (23 - 79) 

Male Cases (%) 24 (42.9) 

History of hemorrhoid surgery Cases (%) 3 (5.4) 

Constipation Cases (%) 11 (19.6) 

Hypertension Cases (%) 16 (28.6) 

Diabetes mellitus Cases (%) 2 (3.6) 

Coronary heart disease Cases (%) 2 (3.6) 

Type of combined hemorrhoids Cases (%) 

Internal hemorrhoid 42 (75.0) 

First degree 23 (41.1) 

Second degree 16 (28.6) 

Third degree 3 (5.4) 

Mixed hemorrhoids 4 (7.1) 

External Hemorrhoids 3 (5.4) 

Clinical manifestations Cases (%) 

Bleeding 47 (83.9) 

Dysfunctional bowel movement 33 (58.9) 

Prolapse 26 (46.4) 

Itching around the anus 9 (16.1) 

Perianal pain 9 (16.1) 

No symptoms 5 (8.9) 

Length of hospitalization (days) 4.61 ± 2.21 (1 - 10) 
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3.2. Clinical Outcomes 

Fifty-six patients underwent transparent cap-assisted endoscopic hot snare re-
section for 61 HAP, of which 53 (94.6%) had single HAP and 3 (5.4%) had mul-
tiple HAP; 51 (83.6%) had a basal diameter <5 mm and 10 (16.4%) had a basal 
diameter ≥5 mm. Operations performed with transparent cap-assisted endos-
copic hot snare excision for HAP together included whole colon examination in 
56 cases (100%), endoscopic polypectomy in 20 cases (35.7%), endoscopic scle-
rotherapy for hemorrhoids in 29 cases (including 17 cases of grade I internal 
hemorrhoids, 10 cases of grade II internal hemorrhoids, 1 case of grade III in-
ternal hemorrhoids and 1 case of mixed hemorrhoids), and endoscopic rubber 
band ligation (ERBL) method for hemorrhoids in 11 cases (including 2 cases of I 
degree internal hemorrhoids, 4 cases of II degree internal hemorrhoids, 2 cases 
of III degree internal hemorrhoids and 3 cases of mixed hemorrhoids).  

In this study, no bleeding was observed intraoperatively or postoperatively 
during transparent cap-assisted endoscopic hot snare excision for HAP treat-
ment. No bleeding was also observed after both polypectomy and ERBL or rub-
ber band ligation (RBL) for hemorrhoids completed at the same time. The pa-
tients had no pain on the first postoperative day in 32 cases (57.1%), mild pain in 
21 cases (37.5%), and moderate pain in 3 cases (5.4%); no pain on the second 
postoperative day in 48 cases (85.7%), mild pain in 7 cases (12.5%), and mod-
erate pain in 1 case (1.8%); no pain on the third postoperative day in 52 cases 
(92.9%) and mild pain in 4 cases (7.1%) (see Table 2 for details). All 56 patients 
were discharged after a mean hospital stay of 4.61 ± 2.21 days (with the shortest 
hospital stay of 1 day and the longest of 10 days) after monitoring for complica-
tions (such as, postoperative bleeding from hemorrhoids), with 100% patient sa-
tisfaction. 

3.3. Follow-Up Visits, Postoperative Complications and  
Improvement of Symptoms 

Postoperative questionnaires were filled out by telephone, weibo or outpatient 
follow-up review. The average follow-up period was 1 to 18 months after surgery 
with an average of 10.7 ± 4.4 months. Among them, 23 cases were reviewed 
within 1 - 12 months after surgery, 11 cases were reviewed within 12 - 18 months.  

 
Table 2. Postoperative VAS scores of patients with hypertrophic anal papillae treated by 
transparent cap-assisted endoscopic hot snare resection (n = 56). 

Cases (%) 
VAS score 

Postoperative day 1 Postoperative day 2 Postoperative day 3 

0 32 (57.14) 48 (85.71) 52 (92.86) 

1 - 3 21 (37.5) 7 (12.5) 4 (7.14) 

4 - 6 3 (5.36) 1 (1.79) 0 (0) 

7 - 10 0 (0) 0 (0) 0 (0) 

Note: VAS: Visual analog scale. 
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During this period, 2 cases were not followed up, with 96.4% and 100.0% fol-
low-up completion and patient satisfaction rates, respectively. At 3 months after 
surgery, 4 patients complained of incomplete defecation and 1 patient complained 
of insignificant improvement of perianal itching. There was no recurrence or new 
HAP was found in all patients reviewed by colonoscopy. However, 22 patients 
declined review by colonoscopy on the account of feeling better. 

4. Discussion 

HAPs are predominantly skin tags that project from the base of rectal columns 
of Morgagni at the dentate line or the junction between the skin and the epi-
thelial lining of the anus [3] [14]. This occurs in the anal canal area and can be 
solitary or multiple and vary in size. The causes are generally thought to be due 
to edema, inflammation, and hypertrophy of the anal papillae caused by infec-
tion, trauma, or fecal stimulation, which results in large and hardened anal pa-
pillae, resulting in anal pain, itching and even bleeding, causing inconvenience 
to patients in their daily life and work. HAP differ in number, morphology, and 
size, are mostly seen in young adults, and are larger in women than in men [15]. 
In this study, the mean age of 56 HAP patients was (54.89 ± 11.73) years, includ-
ing 32 female patients (57.1%), 53 (94.6%) with solitary HAP, and 51 (83.6%) 
with HAP of basal diameter <5 mm, further verifying that HAP is predominant-
ly female patients and suggesting that the volume of HAP is usually smaller. Fur-
thermore, related studies have reported that HAP has about 0.6% tendency of 
becoming malignant [1] [2]. However, in this study, no malignant tendency was 
found in all 56 cases following a pathological examination. This suggests that 
HAPs are mostly benign masses. 

Currently, conventional treatment for HAP is external and internal ligation 
excision, but surgery is more damaging to the body and prone to dyspareunia, 
pain during defecation, and slow postoperative healing [6] [16] [17] [18] [19]. As 
a result, patients prefer to choose alternative procedures such as RBL, injection 
sclerotherapy, infrared coagulation, laser photo-coagulation, and others [20] [21] 
[22]. In a recent cohort study designed by Henrique et al. [23], endoscopic rub-
ber band ligation was found to be a feasible, safe and effective method to treat 
symptomatic grade II to III internal hemorrhoids. However, the authors warned 
practitioners to be vigilant for the slightest risk of early and late adverse events 
[23]. In this study, a total of 56 patients were included in the treatment of HAP 
by transparent cap-assisted endoscopic hot snare resection, and most of the pa-
tients had no pain or relatively mild pain after surgery. Thus, greatly reducing the 
physical and mental pain and stress reactions of patients. Furthermore, no serious 
complications were observed in this study and patient satisfaction at postopera-
tive follow-up was 100%. All patients who underwent postoperative follow-up 
colonoscopy had no recurrence or new HAP, which tentatively suggests that 
transparent cap-assisted endoscopic hot snare resection for HAP is a safe and 
effective endoscopic treatment method. 
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It is worth noting that the benefits of cap-assisted endoscopic hot snare resec-
tion for HAP outweigh disposable anoscopy, in terms of better differentiation and 
treatment of anal disease from intestinal disease by performing colonoscopy be-
fore treatment. In our study, patients underwent endoscopic hot snare resection 
for HAP along with a full colon examination, 20 patients (35.7%) underwent en-
doscopic polypectomy, and 40 patients (71.4%) underwent endoscopic rubber 
band ligation or rubber band ligation for hemorrhoids.  

The retrospective nature of this study with a small number of cases and only 
34 patients (60.7%) with postoperative repeat colonoscopy, contributed to the 
limitations of this study. In addition, this study did not compare transparent 
cap-assisted endoscopic hot snare resection for HAP with other methods of 
hypertrophic anal papillae treatment. Therefore, its safety and feasibility need 
to be further evaluated and validated by accumulating data from more centers 
and large sample size. 

In conclusion, transparent cap-assisted endoscopic hot snare resection is a new 
method of endoscopic treatment of HAP that is easy to perform, safe, with low 
medical costs, and reduces postoperative pain. It has shown low potential for re-
currence after treatment and should be considered in clinical practice for better 
patient satisfaction. Future studies should compare transparent cap-assisted en-
doscopic hot snare resection with other treatment modalities. 
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