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[Abstract] Objective This study aimed to compare and analyze the
clinical efficacy, prognosis, and complications of intravenous
chemotherapy (IVC) combined with intra-arterial chemotherapy (IAC)
and only IAC retinoblastoma (RB) of children. Methods: A cohort
study was conducted to follow up 300 children treated by intraocular
RB in Children’s Hospital Affiliated to Zhengzhou University from
June 2015 to June 2019. The children were divided into two groups
based on different treatment methods: IAC combined with local laser
photocoagulation or cryotherapy was performed in 160 eyes of 140
cases as IAC group, and IVC combined with IAC treatment was
employed in 192 eyes of 160 cases as IVC + IAC group. All children
were followed up for 2-60 months. The eye-saving rate, survival rate
of the patients, and treatment-related complications were compared
between two groups.

Results The eye-saving rate was 85.62% (160 eyes) in the IAC
group and 81.25% (192 eyes) in the IVC + IAC groups, respectively,
and no statistical difference was observed between the two groups
(P>0.05). The recurrence rate and metastasis rate in IAC group were
18.75% and 8.57%, respectively, which were significantly higher than
10.93% and 3.75% of IVC + IAC group (¥*=4.299, P=0.038 and
x*=4.143, P=0.041, respectively). No significant difference was found
in 1-year survival rate between the two groups (¥2=1.766, P=0.184).
The overall survival rate in IVC + IAC group was 95.00%, which was
significantly higher than 88.57% in IAC group (2=4.193, P=0.041).
Kaplan-Meier analysis showed that the overall recurrence, metastasis,
and overall survival rates in IVC + IAC group were better than those
of the IAC group (all P<0.05). Regarding to the treatment-related
complications, the incidences of eyelid edema, ptosis, fundus
hemorrhage, enophthalmos, and cataract in IAC group were not
significantly different from the IVC + IAC group (all at P>0.05). The
incidence of myelosuppression in IAC group was 32.14%, which was
significantly lower than 42.75% in IVC + IAC group (32=4.255,
P=0.039).
Conclusions Compared with only IAC treatment, IVC combined
with IAC for RB of children reduce the metastasis and recurrence of

RB and improved survival, but IVC + IAC therapy increase the
incidence of systemic complications.
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Retinoblastoma (RB) is a common primary intraocular malignant
tumor in infants, accounting for about 3% of childhood cancers 1.
Most RBs occur before 3 years of age, with incidences of 1/18 000
-1/16 000, indicating that RB is a setious threat to the vision and life
of children 2. With the continuous improvement of RB diagnosis
technology and the update of treating concepts, the treatment
principle of RB has changed from saving children’s lives to saving
children’s lives while preserving eyeballs and vision to improve the
of life 3. Clinical
chemotherapy (IVC) combined with local laser photocoagulation or

quality studies showed that intravenous
cryotherapy significantly improved the survival and eye preservation of
patients with RB 4, but had less eyeball preservation for advanced RB,
and  sometimes caused serious  complications, such as
myelosuppression and hearing loss, thereby limiting its clinical
application 5 Intra-arterial chemotherapy (IAC) is a treating method of
injecting chemicals into the ophthalmic artery through the catheter to
increase the local drug concentration of eye tumors and improve the
eye preservation during intraocular RB ¢. However, IAC sometimes
causes ocular vascular embolism, and local chemotherapy may not be
able to control potential metastatic tumor cells °. Some studies showed
that IVC combined with IAC in the treatment of advanced intraocular
RB improved eye preservation and reduced the risk of complications
and metastasis 7. At present, the study of IVC combined with IAC in
the treatment of RB is predominantly focused on the efficacy of IAC
after the failure of IVC, but studies on the clinical efficacy of IVC
combined with IAC and IAC alone in the treatment of RB are

minimal. In this study, patients with RB treated by different methods
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were followed up to compare the efficacy, prognosis, and adverse
reactions of IAC and IVC combined with IAC in the treatment of RB,

as well as to provide a reference for clinical treatments of RB.

1 Materials and methods

1.1 General information

A cohort study was conducted to follow up 300 children with
intraocular RB who were hospitalized in Henan Children’s Hospital
(Zhengzhou, China) from June 2015 to June 2019. The children aged
6-77 months, including 180 male and 120 females. Fifty-two patients
were binocular RB and 248 patients were monocular diseases.

The inclusion criteria were as follows: (1) children who were
clinically diagnosed with intraocular stage RB and had affected eyes
belonging to stages B, C, D, and E, confirmed in accordance with the
International Intraocular Retinoblastoma Classification 8; (2) new cases
with no relevant treatment received before the test treatment; and (3)

complete clinical and follow-up data. The exclusion criteria were as
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follows: children with (1) tumors invading the optic nerve and causing
intracranial or systemic metastasis; (2) children suffering from cataract,
neovascular glaucoma, iris neovascularization, or other serious eye
diseases; (3) children suffering from serious systemic diseases, such as
in liver, kidney, and blood; ot (4) children who failed to continue
treatment due to serious adverse events. In accordance with different
treatment methods, children were divided into two groups: IAC (140
160
photocoagulation or cryotherapy) and IVC + IAC (160 cases, 192 eyes;

cases, eyes; receiving IAC combined with local laser
treated with IVC twice before IAC combined with local therapy). No
significant difference in general data was observed between the two
groups (P>0.05, Table 1). This study was approved by the Ethics
Committee of Children’s Hospital Affiliated to Zhengzhou University
(approval number: 20150503), and all family members/guardians of
the patients understood the purpose and method of this study, and

voluntarily signed the informed consent form.

Table 1 Comparison of demographics between the two groups [(xts)/7(%)]

S Body mass Number of different eyes|#(%0)] Number of eyes in different IIRC stages [#(%0)]
- ex
G Cases/Eyes -
roup ases/Eyes Age (xts,month) (male/female,7) (xts, k) Monocular Binocular B stage C stage D stage E stage
IAC 140/160 21.64+14.67 82/58 11.65+3.41 120(85.72) 20(14.28) 16(10.00) 14(8.75) 72(45.00) 58(36.25)
IVC+IAC 160/192 23.73+13.15 98/62 11.83+3.39 128(80.00) 32(20.00) 16(8.33) 20(10.42) 70(36.46) 86(44.79)
175 1.296 0.223 0.438 1.702 3.653
P 0.196 0.637 0.662 0.192 0.302

1.2 Methods

1.2.1 Treatment Plan (1) IAC combined with local treatment: the
interval of each treatment was 3—4 weeks, and the specific number of
treatments was determined by the results of fundus examinations after
each IAC. Different methods of administration were adopted: the first
infusion chemotherapy with melphalan (H20110; Excella, Feucht,
Germany) combined with carboplatin (H10920028, 20 mg; Qilu
Pharmaceutical, Jinan, China); second time: melphalan combined with
topotecan (H20070204, 0.5-1.0 mg; Nanjing Ruinian Best
Pharmaceutical, Nanjing, China) infusion chemotherapy; third time:
melphalan combined with carboplatin (20 mg) infusion chemotherapy;
fourth time: melphalan combined with topotecan (0.5-1.0 mg), and
the combination was used alternately. The dose of melphalan for the
first time was determined in accordance with the age and body weight
of the children, and the dose was adjusted appropriately in accordance
with the reaction and tumor changes in the children after the previous
TAC?. (2) Combined IVC + IAC treatment: IVC was performed twice,
and then IAC was performed. The interval of each treatment of IVC
was 3 weeks, and the regimen was the VEC regimen: Vincristine (< 3
years old: 0.05 mg/kg, = 3 years old: 1.5 mg/m?2, H44021772,
Shenzhen Wanle Pharmaceutical, Shenzhen, China), Etoposide (<
3-years-old: 5 mg/kg, = 3 years old: 150 mg/m?, H32025583; Jiangsu
Hengrui Pharmaceutical, Jiangsu, China), and Carboplatin (< 3 years
old: 18.6 mg/kg, = 3-years-old: 560 mg/m?2, H10920028; Qilu
Pharmaceutical, Jinan, China). The IAC scheme was consistent with
that in the IAC group. Before each operation, the eyes of both groups
were photographed using the retcamii digital retinal camera (gsyjx [Jin]
Zi 2006 No. 2220409, RetCam II; Massie, North Hollywood, CA,

USA,) under general anesthesia. If the preoperative examination

indicated that the treatment was not effective or was progressing, the
patient was subjected to the enucleation of the eye. If the treatment
was effective, the treatment was continued until the tumor achieved
localized treatment conditions or was stable, with calcification and

formation of scar tissue, and then into the follow-up period.

1.2.2 Therapeutic method (1) IAC method: the patient assumed
the prone position, and anesthesia drug was given by intravenously
injection. After routine disinfection, the femoral artery was punctured
using Seldinger method, the blood vessel sheath of four F for Children
was placed. Hepatin (75 IU/kg) was then injected into the femoral
artery for whole body heparinization. Using x-ray fluoroscopy, the
affected internal carotid artery was selected using the 4FCobra
supet-slippery Catheter (Terumo, Shibuya City, Japan). The digital
subtraction angiography of the internal carotid artery was performed
with the manual push contrast medium (IOVEROL,; Jiangsu Hengrui
Pharmaceutical, Jiangsu, China; Figure 1A). After the ophthalmic
artery was developed, the insertion line was marked, and 1.7f
ev3.45°microcatheter was introduced using a cobra catheter. The
super selective intubation of the ophthalmic artery was performed
45° The

chemotherapy was performed after angiography, confirmed, and

using a microcatheter. ophthalmic artery infusion
locked into the position of the microcatheter (Fig. 1B). After dilution,
the drug was perfused by microcatheter pulse perfusion at a rate of
about 1 mL/min for 30 min. After perfusion, the attery sheath was
removed, the puncture point was compressed for 5-10 min to stop
the bleeding, and an elastic bandage was applied. After resuscitation,
the lower limbs were immobilized and observed for 6 h. Fasting for 3

h and no water for 2 h after surgery was implemented. Low dose
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aspirin was given routinely for 2 weeks after surgery. In rare cases,

when selective ophthalmic artery cannulation failed or was
regurgitated due to a superior external carotid blood supply,
downward angle of the ophthalmic artery opening, or extremely thin
ophthalmic artery, the middle meningeal artery-ophthalmic artery
approach or the vertebral artery-posterior cerebral artery-internal
carotid artery-ophthalmic artery approach was used. If catheterization
difficulties could not be resolved after the balloon occlusion of the
distal external carotid artery at the ophthalmic artery ostium, perfusion
of chemotherapeutic drugs through the ophthalmic artery was
performed. (2) IVC method: blood routine examinations, blood
biochemistry, hearing, and fundus oculi were examined before
chemotherapy. The order of administration was the intravenous
administration ~ of  Vincristine, hydration, and intravenous
administration of Carboplatin and FEtoposide. When creatinine
clearance was less than 60 ml/min, the dose of Catboplatin was
adjusted in accordance with glomerular filtration rate (GFR). (3) Local
treatment: Laset photocoagulation/cryotherapy was used for local
treatment. With the cooperation of the anesthesiology department,
810 nm or 532 nm semilaser conductors or condensers were used for
the local irradiation of RB. Chemotherapy was applied within 48 hours
following freezing to increase the concentration of chemotherapeutic
drugs in vitreous, and the curative effect and the risk of metastasis was

evaluated by ophthalmoscopy.

e o |
Figure 1 Angiography of children with retinoblastoma who underwent
intra-arterial chemotherapy A: Common carotid artery angiography
showing the ophthalmic artery B: Chemotherapy drugs reperfused by
superselective ophthalmic arterial catheterization

1.2.3 Follow-up and evaluation index After treatment, follow up
was performed by telephone or clinic visit every 3 months during the
first 2 years, every 6 months in the 3rd year after treatment, followed
by every-year follow-up until June 30, 2020, and detailed general and
ocular examinations [fundus photography or magnetic resonance

imaging were performed. Telephone follow up was catried out by a

same doctor and answered by the guardians of patients, and the
questions included whether a patient had conjunctival congestion,
eyelid swelling, forehead swelling, other physical symptom and recent
vision, regular hospital visit, etc.

The primaty outcomes for this study included technical success and
eye-saving rate. The data regarding enucleation, recurrence, survival,
and local or systemic complications were recorded and analysis. The
success of operation (number of successful intubations/total number
of intubations) and eye-saving rate (number of eyeballs retained/total
number of eyes affected), recutrence (number of recutrent eyes/total
number of eyes affected), survival (number of surviving children/total
number of children affected), and complications were evaluated.
Complications included conjunctival congestion, eyelid swelling, ptosis,
forehead redness and swelling, eye bleeding, deep-set eyes, cataract,
and bone marrow depression. The degree of myelosuppression was
graded I-IV based on the criteria for WHO-toxicity scale A 5-grade
system (0—4) for reporting of acute and subacute toxic effects of

cancer treatment 10,

1.3 Statistical analysis

SPSS19.0 statistical software for Windows (SPSS, Chicago, 1L, USA)
was used for data analysis. The ages and weights of the sick children
were verified to be normally distributed by the Shapiro-Wilk test. The
differences in age and body weight between IAC and IVC + IAC
The

difference in sex composition, eye difference, RB stage, eye-saving rate,

groups were compared using independent-sample ~test.

RB recutrence, metastasis, mortality, and treatment-related
complication between the two groups were compared by Chi-Square
x> or Fisher’s exact test. The Kaplan-Meier survival analysis and
log-rank test were used to evaluate the difference of survival rate
between the two groups. A P<0.05 was considered statistically

significance.

2 Results

2.1 Treatment-related general of the patients

Average 560 times of IAC was performed in 160 eyes of 140 patients
with the 3.5 times for per eye in the IAC group. Four times of
intubating were failure during IACs because of ophthalmic artery
spasms with the success rate 99.28%. Average 384 times of IVC was
carried out in 160 patients with the average 3.5 times for per person in
the IVC + IAC group, and 540 times of ACV was performed in 192
eyes with 2.8 times for per eye. The intubating was failed in 3-time
TACs with the success rate of 99.42%.

Table 2 Comparison of eye retention rate, recurrence rate, metastasis rate and mortality rate between the two groups [#(%0)]

. . Mortality
Group Cases/Eyes Eye retention rate  Recurrence rate  Metastasis rate cate
IAC 140/160 137(85.62) 30(18.75) 12(8.57) 16(11.43)
IVC+IAC 160/192 154(81.25) 21(10.93) 5(3.75) 8(5.00)
Va 1.787 4.299 4.143 4.193
P 0.181 0.038 0.042 0.041

2.2 Comparison of eye preservation in different groups

In the IAC group, eyeballs were successfully retained in 137 eyes with
an eye-saving rate of 85.62%. A total of 23 eyes were enucleated, of
which stage D RB was in 13 eyes and stage E in 10 eyes. A total of 38

eyes in the IVC + IAC group were enucleated, with an eye-saving rate

of 81.25%. No significant difference was found in eye-saving rate
between two groups (P > 0.05, Table 2). In patients with effective
eyeball treatment, the tumor was significantly reduced or disappeared,

and an MRI examination showed that the local retinal adhesion was

good (Figure 2).
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Figure 2 Image of the ocular fundus and magnetic resonance imaging of
retinoblastomas before and after intra-arterial chemotherapy A: Fundus
of 6-month-old male with tumor in the right eye fundus before treatment. B:
The shrunken and calcified tumor after four interventional therapies. C:
One-year-old male with tumor in the right eye retina, revealed by magnetic
resonance before treatment. D: The tumor disappeared and the local retinal
was well attached after re-examination after interventional therapy for 4

months

2.3 Comparison of the recurrence or metastasis rate of the two
groups

All children were followed up for 2-60 months, with a median
follow-up of 28.5 months. At the end of follow-up, 30 eyes, including
13 in stage D of RB and 17 in stage E of RB, recurred in the IAC
group. The recurrence rate in the IAC group was 18.75% (30/160),
which was significantly higher than that in the IVC + IAC group
(10.93%, 21/192). The difference was statistically significant (32=4.299,
P=0.038). Twelve cases of metastasis (including one case of distant
organ multiple metastasis and six and five cases of stages E and D of
RB central nervous system metastases, respectively) were observed in
the IAC group, and five cases of central nervous system metastasis
were observed in the IVC + IAC group. Metastasis rate of the IAC
group was 8.57%, which was higher than that of the IVC + IAC
group (3.75%). The difference was statistically significant (y2=4.143,
P=0.042).

2.4 Comparison of the survivals of the two groups

The 1-year survival rate was 96.43% and 98.75% in the IAC and IVC
+ IAC groups, respectively. No significant difference in the 1-year
survival rate was observed between the two groups (y?=1.766,
P=0.184). At the end of follow up, the overall survival rate was
92.03%, and survival rate of the IAC group (88.57%, 124/140) was
significantly lower than that of the IVC + IAC group (95.00%,
152/160; 2=4.193, P=0.041). Sixteen children died in the IAC group
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during the follow up, including one case of intracranial hemorrhage,
three cases of organ failure, one case of renal failure with distant
metastasis, three cases of intracranial progression after refusing eyeball
enucleation, three cases of intracranial progression after eyeball
enucleation, and five cases of intracranial progression after
chemotherapy. Eight children died in the IVC + IAC group, including
three cases of organ failure after enucleation, one case of intracranial
progression after eyeball enucleation, two cases of intracranial
progression after refusing eyeball enucleation, and two cases of
stopping
analysis

intracranial ~ progression  after chemotherapy.  The

Kaplan-Meier univariate survival showed significant

differences in recurrence, metastasis, and long-term survival between
the two groups (2 = 4.570, 2= 5.800, and y2 = 7.771, respectively; P
< 0.05; Figure 3).

Figure 3 Kaplan-Meier survival curve analysis Comparison of A:
relapse-free, B: metastasis-free, and C: long-term overall survival between the
two gr()ups

2.5 Comparison of the complications between the two groups

In the IAC group, 58, 38, 3, and 42 eyes had eyelid edema, ptosis,
fundus hemorrhage, and enophthalmos, respectively. In the IVC +
IAC group, 66, 42, 2, and 36 eyes had eyelid edema, ptosis, fundus
hemorrhage, and enophthalmos, respectively. No significant difference
was obsetved in the incidence of eyelid edema, ptosis, fundus
hemorrhage, and enophthalmos between the two groups (P>0.05).
Severe atrophy of enophthalmos occurred in one eye in the IAC group,
and enucleation of the eyeball was performed. Short-term
complications in most children returned to normal within 2 weeks,
such as eyelid edema, ptosis, and fundus hemorrhage. Cataract
occurred in eight eyes in the TAC group (5.00%), which was not
significantly different from that in the IVC + IAC group (1.56%,
3/192; P<0.05). A total of 45 cases of total myelosuppression during
chemotherapy in the IAC group was observed with an incidence of
32.14% (45/140), which was statistically significant in compatsin with
in the IVC + IAC group (42.75%, 70/160; 32=4.255, P=0.039). The
myelosuppression of all children was improved after symptomatic
treatment (Table 3)

Table 3 Comparison of complications between the two groups [17(%0)]

Group Cases/Eyes  Eyelid edema Ptosis Fundus hemorthage ~ Enophthalmos ~ Cataract ~ Myelosuppression (Stage of [ -IV)
TAC 140/160 58(3625)  38(23.75) 3(1.87) 42(26.258) 8(5.00) 45(32.14)

IV+IAC 160/192 66(3437)  42(21.87) 2(1.04) 36(18.75) 3(1.56) 70(42.75)

b 0.134 0.175 0.433 2.846 3.406 4.255

P 0.714 0.676 0.662 0.092 0.120 0.039




Chin J Exp Ophthalmol, November 2022, Vol. 40, No. 11

3 Discussion

The comprehensive treatment based on IVC is a main method of eye
protection therapy for children with RB. However, because patients
with RB are often in stage D or E when diagnosed, the therapeutic
effect of IVC on children with advanced intraocular RB is poor, and
adverse reactions are serious 'I. With the development of IAC
technology, IAC has provided significantly higher eye preservation in
the treatment of advanced RB, however, the recurrence rate still was
higher within 1 year after treatment 2. The two treating methods have
their own advantages and limitations. Shields et al 13 found that the eye
preservation of stages D and E of RB were 67% and 50%, respectively,
in the late stage (stage E) of RB treated with the combination of IVC
and IAC. Ji et al 1* reported that IAC after whole body IVC had
showed high preservation for late RB. Abramson et al !> conducted a
single center retrospective study of stage D RB treated with IAC and
found that eye preservation using IAC as first-line treatment was
higher than that of IAC as a second-line treatment. However, the
subjects of these studies included children with failed IVC. Thus, this
conclusion does not represent the real efficacy of IVC combined with
IAC. Jiang et al 16 found that IVC combined with IAC and IAC alone
for advanced RB did not reduce the overall survival, metastasis, and
recurrence, but reduced the incidence of enophthalmos and cataract.
The Kaplan-Meier analysis of Chen et al'7 also found that compared
with TAC, IVC combined with IAC did not improve eye preservation
and progression-free survival within 2 years in children with advanced
RB. Xu et al ® also reported that compared with IAC alone, IVC +
IAC increased eye preservation and decreased recurrence, but no
significant difference was found in metastasis and mortality. In the
present study, by comparing the clinical efficacies of IVC combined
with IAC and IAC alone for RB, the results showed no significant
difference in eye preservation and 1-year survival between the IVC +
TAC and IAC groups, which is consistent with the above results.
However, the long-term follow up showed that the recurrence and
metastasis for the IVC + IAC group were significantly lower than
those in the IAC group and overall survival was significantly higher
than that in the IAC group. The Kaplan-Meier sutvival analysis
showed significant differences in recurrence, metastasis, and survival
curves between the two groups. These results suggested that systemic
IVC combined with TAC killed metastatic tumor cells, thus reducing
the metastasis and recurrence of RB and improving the survival of
children. However, the sample size was small, and the follow up time
of some patients was short in this study. A multicenter, large-sample
and extended follow up period study still is need to confirm the results
of this study.

As an invasive treatment, the local infusion of melphalan and other
drugs with high concentrations of IAC may cause the necrosis of
arterial vascular epithelial cell or toxicity to intraocular nerves,
resulting in local ocular complications, such as common fundus
hemotrhage, and eyeball atrophy 1%-20. The IAC also results in chronic
injury of orbital vessels, leading to the atrophy of eyeball and
retro-ocular fat because of the reduction of perieyeball and petiorbital
blood perfusion, and is prone to enophthalmos 21. At the same time,
considering multiple drug resistance in IVC and IAC regimens 22, the

melphalan combined with carboplatin or topotecan is used alternately

in IAC. In this study, there is no significant difference in short-term
complications, such as eyelid edema, ptosis, fundus hemorrhage, and
enophthalmos between the IVC + IAC and IAC groups, and this
finding is not completely consistent with the results of Jiang et al 16,
which may be caused by the inclusion criteria used, and the sample
size of the study. Carboplatin, a derivative of cisplatin, is a nonspecific
drug affecting the «cell cycle, which can cause ototoxicity,
nephrotoxicity, and inhibition of the bone marrow hematopoietic
system 2324, In the present study, carboplatin was used both in IVC
and IAC regimens, and the results showed that the incidence of
myelosuppression in the IVC + IAC group was significantly higher
than that in the IAC group. Therefore, the systemic chemotherapeutic
drug concentration in children treated with IVC + IAC was speculated
to be significantly higher than that treated with IAC.

In summary, compared with IAC alone, IVC combined with TAC
for RB of children reduces the metastasis and recurrence and
improved the survival of patients, but it also increases the incidence of
systemic complications. Therefore, ophthalmologists and oncologists
should adopt personalized treatment suitable for children based on
different pathological characteristics of children to achieve the best
clinical outcome and reduce the occurrence of adverse reactions.
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