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IMPORTANCE Fatal metastatic relapse may occur in children with retinoblastoma and
high-risk pathologic features (HRPFs). Minimal dissemination (MD) may be an additional tool
for risk estimation. The use of cone-rod homeobox (CRX) transcription factor messenger RNA
for MD evaluation in metastatic retinoblastoma was previously reported, but no datain
nonmetastatic cases with HRPFs are available.

OBJECTIVES To evaluate whether MD is detectable in patients with nonmetastatic
retinoblastoma and to assess its prognostic effect on disease-free survival (DFS).

DESIGN, SETTING, AND PARTICIPANTS This single-institution cohort study of patients with
nonmetastatic retinoblastoma and HRPFs used prospectively defined inclusion criteria and a
sampling strategy to procure bone marrow (BM) and cerebrospinal fluid (CSF) samples from
May 1, 2007, through October 31, 2013. Median follow-up was 38 months (range, 8-89
months). Survival analysis was closed in December 2015, and no further updates were made
after that point.

INTERVENTIONS The study evaluated CRX messenger RNA by quantitative polymerase chain
reaction in BM and CSF at diagnosis and follow-up. In 14 patients, GD2 synthase was used
instead of CRX for CSF evaluation. Patients were treated under uniform guidelines.

MAIN OUTCOMES AND MEASURES Metastatic relapse.

RESULTS The study included 96 children (median age at study inclusion, 26 months; range,
1-168 months; 46 male [47.9%]; 50 female [52.1%]) with nonmetastatic retinoblastoma and
HRPFs (isolated massive choroidal invasion in 14, postlaminar optic nerve invasion in 51[26
with concomitant massive choroidal and 13 with scleral invasion], 12 with scleral invasion
without postlaminar optic nerve invasion, and 7 with tumor at the resection margin of the
optic nerve) were evaluated at the time of primary or secondary enucleation. Minimal
dissemination was detected in 9 patients (7 BM samples and 2 CSF samples) and was
associated with extension beyond the resection margin of the optic nerve and scleral
involvement, but only the former was independently associated (adjusted odds ratio, 57.0;
95% Cl, 4.8-678.2; P = .001). In addition, MD occurred in 8 of the 43 International Intraocular
Retinoblastoma Classification group E eyes with glaucoma (18.6%) and in 8 of 80 (10%) and 1
of 16 children (6.3%) who underwent primary or secondary enucleation, respectively.
Children with MD had a 3-year DFS of 0.78 compared with 0.98 in those without MD (95%

Cl for the difference in DFS, 0.17-0.23; P = .004).

CONCLUSIONS AND RELEVANCE These findings identified a high-risk population of children
with retinoblastoma and HRPFs with MD. Because the number of events was small, these
results, which suggest that children with International Intraocular Retinoblastoma
Classification group E retinoblastoma and glaucoma have a higher risk of MD at diagnosis,
should not be considered definitive at this time.
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ven though the disease-free survival (DFS) from reti-

noblastoma is higher than 95% in developed countries,’

up to 18% of patients may present with high-risk patho-
logic features (HRPFs) in the enucleated eye and are there-
fore at a higher risk of metastatic relapse.? The HRPFs include
invasion of the postlaminar optic nerve (PLONI) with or with-
out tumor at the resection margin, massive choroidal inva-
sion, and scleral invasion.?? Other features, such as anterior
segment, focal choroidal, or prelaminar invasion, usually in
combination, are also considered HRPFs that indicate the need
for adjuvant therapy by some but not all groups; however, their
risk of metastatic relapse is estimated to be lower than 3% af-
ter enucleation alone.?* Most groups recommend adjuvant
chemotherapy to decrease the risk of extraocular relapse in pa-
tients with HRPFs, but it is not 100% effective given that some
patients relapse despite adjuvant therapy.>° As a result, pre-
dicting the risk of metastatic relapse only by the presence of
HRPFs is imperfect because there are lower-risk children who
would be cured with enucleation alone rather than with un-
necessary chemotherapy, and there are children with HRPFs
who still relapse after conventional adjuvant therapy who con-
stitute a very high-risk population currently not identifiable
by pathologic criteria alone.

The detection of minimal dissemination (MD) as a tool for
evaluating extent of disease has only been preliminarily re-
ported in retinoblastoma.®” Theoretically, MD should be pre-
sent early in the disease course for patients with retinoblas-
toma torelapse in a metastatic site; accordingly, if left untreated
or if resistant to treatment, it would invariably lead to meta-
staticrelapse. The use of a molecular marker, such as GD2 syn-
thase messenger RNA (mRNA) and other markers, in small pa-
tient cohorts has been previously reported.® More recently, a
lineage-specific biomarker, cone-rod homeobox (CRX) (Gen-
Bank NM_000554.4), an Otx-like homeobox transcription fac-
tor critical for photoreceptor differentiation, was found in ex-
traocular tissues® and later reported for the evaluation of MD
in children with metastatic retinoblastoma.® Quantitative poly-
merase chain reaction (QPCR) evaluation of CRX mRNA is
highly sensitive and specific because it is only expressed by
cells from a retinal origin, which makes it an attractive bio-
marker for this tumor.®!° On the basis of our data from pa-
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Key Points

Question Is minimal dissemination (MD) an effective tool for
evaluating the extent of nonmetastatic retinoblastoma using
quantitative polymerase chain reaction for the cone-rod
homeobox transcription factor detected in cerebrospinal fluid or
bone marrow in patients with high-risk pathologic features?

Findings In this cohort study of 96 children with retinoblastoma
and high-risk pathologic features, 9 presented with MD, which was
more commonly found in those with scleral compromise or
invasion of the resection margin of the optic nerve and those
presenting with glaucoma. Patients with MD had a lower rate of
disease-free survival.

Meaning These data suggest that MD may be a tool for
identifying higher-risk patients who need a more intensive
approach.

tients with metastatic retinoblastoma, we hypothesized that
MD evaluation might be a tool for a more precise estimation
of the risk of metastatic relapse in children with nonmeta-
static retinoblastoma and HRPFs. We undertook this study with
the following aims: (1) to evaluate whether MD is detectable
in extraocular sites in patients with retinoblastoma and HRPFs,
(2) to detect clinical or pathologic features associated with MD,
and (3) to assess the prognostic effect of MD on DFS of chil-
dren with retinoblastoma and HRPFs.

Methods

This study had a prospectively designed sampling strategy for
cerebrospinal fluid (CSF) and bone marrow (BM) for all con-
secutive children with nonmetastatic retinoblastoma and
HRPFs diagnosed at our hospital from May 1, 2007, through
October 31, 2013, to detect MD. Survival analysis was closed
in December 2015, and no further updates were made after that
point. The HRPFs were defined as massive choroidal invasion
(isolated or in combination), PLONI (including those with tu-
mor at the resection margin), or scleral involvement. Patients
were divided into 3 groups for analysis (Figure 1): (1) patients

Figure 1. Flow of Patients Throughout the Study

‘ 96 Patients included
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68 Primary enucleation 16 Secondary enucleation

e

)

12 Preenucleation chemotherapy
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therapy therapy No events No events No events No events
No MD 6 MDpositive ' 43 MDnegative
No event 2 events 2 events
MD indicates minimal dissemination.
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undergoing primary enucleation, (2) patients undergoing sec-
ondary enucleation after failure of conservative therapy, and
(3) patients presenting with massive buphthalmus who, ac-
cording to treatment protocol guidelines, underwent planned
enucleation after 2 to 3 cycles of neoadjuvant therapy.! In the
last group, pathologic features were not considered evalu-
able because of the effects of chemotherapy masking patho-
logic findings.'? The study was approved by the Pediatric Hos-
pital S.A.M.L.C. Prof. Dr Juan P. Garrahan Institutional Review
Board, and all procedures were performed in accordance with
ethical standards and the Declaration of Helsinki.'* On enroll-
ment, all parents or guardians signed a written informed con-
sent form that permitted the use of samples and clinical data
for research purposes. Data were not deidentified.

The BM evaluation included 2 aspirate and 2 biopsy speci-
mens from each posterior iliac crest,® which were performed
when pathologic evaluation became available in enucleated
eyes (usually within 2-3 weeks after enucleation) and within
7 days of diagnosis in patients with massive buphthalmus. All
specimens were taken 24 to 48 hours before the initiation of
adjuvant therapy and were assessed by standard cytologic and
histopathologic analysis for staging purposes. Specimens for
MD were preserved in a guanidinium-thiocyanate buffer at a
1:1.5 ratio of sample to buffer and frozen at -70°C until analy-
sis, as previously reported.” Expression of CRX mRNA was
evaluated by real-time qPCR as previously reported.® A 3- to
5-mL CSF sample was collected, and the collected specimen
was divided into 3 vials: the first for cytologic analysis, the sec-
ond for immunocytologic analysis (which was done in case the
cell count exceeded 3/uL), and the third for PCR determina-
tions as previously reported.®!* GD2 synthase mRNA was used
for MD evaluation in 14 patients included in the initial phase
of this study and was replaced by CRX mRNA in the remain-
ing children. Patients underwent additional examinations at
the end of adjuvant therapy (approximately 6 months after di-
agnosis) and at 12 months of diagnosis.

Patients in whom CRX mRNA was detected in the BM or
CSF or those in whom GD2 synthase mRNA was detected in
the CSF were considered to have MD. The CRX mRNA positiv-
ity was expressed as relative expression levels according to our
previous work,® and GD2 synthase results (positive or nega-
tive) were reported as qualitative data.” The presence of MD
did not influence any treatment decision. Specimens were pro-
cessed in a masked fashion because the pathologic and out-
come results were not known to the PCR operators (V.E.L.,
AV.T.) Patients received a standardized therapy as per 2 suc-
cessive prospective protocols.>

The design and analysis of the study were adherent with
the Reporting Recommendations for Tumor Marker
guidelines.’® Contingency tables were constructed, x? or Fisher
exact tests were used for categorical variables, and the Mann-
Whitney test was used for continuous variables. Forward step-
wise logistic regression analysis was performed to identify vari-
ables that were independently associated with MD. Metastatic
relapse (including central nervous system or systemic metas-
tasis) was defined as an event, and DFS curves were calcu-
lated according to Kaplan-Meier analyses. Curve comparison
was performed with the log-rank test. P < .05 was considered
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to be statistically significant. Survival status was updated to
December 2015.

. |
Results

A total of 192 children with newly diagnosed intraocular reti-
noblastoma were evaluated at our hospital during the study
period, 107 children who met the inclusion criteria were in-
cluded in this study, and 11 eligible patients were excluded be-
cause they could not be evaluated for MD (lack of consent for
the use of stored material in 8 and preserved material not suit-
able for PCR analysis in 3). The remaining 96 patients (me-
dian age at study inclusion, 26 months; range, 1-168 months;
46 male [47.9%]; 50 female [52.1%]) underwent full evalua-
tion (Figure 1) and had a median follow-up of 38 months (range,
8-89 months). Only 4 patients had less than 12 months of fol-
low-up. Twenty-six (27.1%) had bilateral tumors, and 70 (72.9%)
had unilateral tumors. The male to female ratio was 0.89. No
mRNA could be obtained from the CSF at diagnosis in 35 pa-
tients (36.5%).

Of'the study patients, 68 (70.8%) were included in the pri-
mary enucleation group and 16 (16.7%) in the secondary enucle-
ation group. They received variable regimens for eye preser-
vation, including systemic vincristine sulfate, etoposide, and
carboplatin in 12 (followed by intra-arterial or intravitreal che-
motherapy in 3) and only intra-arterial chemotherapy, includ-
ing a combination of topotecan hydrochloride, carboplatin, and
melphalan, in 4 patients. Twelve patients (12.5%) were in-
cluded in the massive buphthalmus group.

The HRPFs included isolated massive choroidal invasion
in 14 children, PLONI in 51 (26 of them with concomitant mas-
sive choroidal and 13 with scleral invasion), and 12 with scleral
invasion without PLONI. Seven patients had tumor at the re-
section margin of the optic nerve.

In addition, we could obtain material from 18 additional
patients without HRPFs who were considered an observa-
tional cohort notincluded in the study. None received any on-
cologic therapy after enucleation. No child in this group had
MD, and none had an event.

Sixty-one of 80 patients (76.3%) evaluated at diagnosis pre-
sented with an International Intraocular Retinoblastoma Clas-
sification (IIRC) group E eye (eyes presenting with glaucoma,
anterior segment invasion, or other features suggesting ad-
vanced disease), and 18 (33.7%) had an IIRC group D eye (eyes
presenting with massive vitreous or subretinal seeds or reti-
nal detachment).'® This information was missing in 1 patient.
Forty-three patients in IIRC group E (70.5%) had glaucoma
and/or buphthalmus, these findings were absent in 17 pa-
tients (27.9%), and information was not available in 2 (1.6%).

Patients With MD

Nine patients had MD (9.4% of the population) (eTable in the
Supplement). Seven of them had MD evidenced by the posi-
tivity of CRX mRNA in the BM (relative expression level range,
0.00007-0.0034). In these patients, the results of additional
BM examination at the end of adjuvant therapy were nega-
tive. The remaining 2 children had a positive GD2 synthase
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Table. MD According to Pathologic Risk Factors®

MD, No. (%)
Risk Factor Negative Positive P Value
Choroidal invasion (any) (n = 77) 67 (90.5) 7 (9.5) 39 Abbreviation: MD, minimal
Massive choroidal invasion (n = 51) 44 (86.3) 7 (13.7) .08 Zjiss.emination. ) ) _
Scleral invasion (n = 25) 19 (76.0) 6 (24.0) 002 g:gﬁ;ﬁg&izzr:é”fn‘g’::‘gmi"’e
Retrolaminar optic nerve invasion (n = 51) 50 (98.0) 1(2.0) .20 enucleation after planned
Tumor invasion to the resection margin of the optic nerve (n = 7) 3 (42.9) 4(57.1) <.001 neoadjuvant chemotherapy (12
Anterior segment invasion (n = 17) 14 (82.3) 3(17.7) 13 children, of whom 2 had MD) were

excluded.

E4
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mRNA determination result in the CSF at diagnosis, and the
BM test result was negative for CRX mRNA.

No child with IIRC group D eyes enucleated at diagnosis
had MD, whereas 8 of the 61 children (13.1%) with IIRC group
E eyes had MD. More specifically, 8 of the 43 eyes (18.6%) of
IIRC group E that had glaucoma with or without buphthal-
mus had MD as did 8 of 80 (10%) and 1 of 16 children (6.3%)
who underwent primary or secondary enucleation, respec-
tively. The remaining patient with MD had a bilateral IIRC group
D eye at diagnosis and underwent enucleation after failure of
treatment of 1 eye with intra-arterial chemotherapy. After
enucleation that revealed scleral invasion, MD was found. The
patient has remained disease free for 58 months after adju-
vant therapy, with negative determinations for MD during fol-
low-up. In the remaining 3 patients who underwent enucle-
ation after failure of intra-arterial chemotherapy, MD was not
found. The correlation between HRPFs and MD is given in the
Table. Only invasion to the optic nerve beyond the resection
margin was independently associated with MD (adjusted odds
ratio, 57.0; 95% CI, 4.8-678.2; P = .001).

Survival Analysis

There were 4 events of metastatic relapse in the study popu-
lation at a median of 9 months after diagnosis (range, 6-12
months). All occurred in children who had received intensive
adjuvant therapy for initially enucleated eyes. The CSF was the
only site of metastatic relapse, and this event was fatal in all
cases. The probability of DFS was lower in children with MD
(difference in DFS, 0.20; 95% CI, 0.17-0.23; P = .004) (Figure 2).

|
Discussion

Our data indicate that 9 children (9.4%) with retinoblastoma
and HRPFs had MD, and this subgroup of patients have a poorer
DFS. This s, to our knowledge, the first report of MD in a large
cohort of children with nonmetastatic retinoblastoma. Our
group reported the use of CRX mRNA for the study of MD in
patients with metastatic retinoblastoma. In this study, we ex-
tended the use of gPCR for CRX mRNA® as a tool for the evalu-
ation of MD in nonmetastatic disease, which is more frequent
in our setting, and we were able to detect a subgroup of higher-
risk patients within the group already considered as high risk
because of HRPFs. Estimating the risk of metastatic relapse in
these children is a challenge. Metastatic relapse occurs al-
most exclusively in children with retinoblastoma and HRPFs,?
but even in this population, it is a rare event. Virtually no child
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without HRPFs will present with a metastatic relapse, so they
are usually not given any adjuvant therapy.’” Theoretically, a
study of MD might also be helpful to identify those rare ex-
ceptions who are not recognized as high risk by pathologic
evaluation. However, because BM and CSF specimens are
needed for MD evaluation, this factor could not be deter-
mined in our study because only patients with HRPFs under-
went these invasive procedures. However, none of the 85 pa-
tients without HRPFs whose conditions were diagnosed at our
center at the same interval had a metastatic relapse, so it may
be questionable to perform this invasive procedure in this
lower-risk population. Despite the restrictions in invasive pro-
cedures in children without HRPFs, we were able to perform
MD evaluation in 18 of such low-risk patients in whom BM and
CSF samples were procured because of other clinical reasons,
but none had MD and none relapsed.

Metastatic relapse occurs almost exclusively in children
with HRPFs>°; however, there is no general consensus on
which patients should be given adjuvant therapy because the
risk of metastatic relapse is variable in the different catego-
ries of patients with HRPFs. For example, this risk appears to
be higher in patients with PLONI (with and without invasion
at the resection margin)*'® or scleral involvement,'®-2° so vir-
tually all groups use adjuvant therapy to reduce this risk.? Con-
versely, only 4% of children with isolated massive choroidal
invasion present with a metastatic relapse even when no ad-
juvant therapy is given.?! Hence, even though a proportion of

Figure 2. Probability of Disease-Free Survival (DFS) for Patients
According to the Presence of Minimal Dissemination (MD)
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The 3-year probability of DFS for patients with MD was 0.78 vs 0.98 for those
without MD (P = .004).
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children still present with an almost invariably fatal meta-
static relapse despite receiving adjuvant therapy, it is impor-
tant to identify these children more accurately in whom a dif-
ferent therapeutic approach would be warranted to improve
their chance of survival. Our study identified such a popula-
tion within the HRPF group because those who had MD had a
DFS of 0.78 compared with a similar population without MD
who had a DFS of 0.98 (P = .004). In this subgroup, MD was
more common in children with tumor at the resection margin
of the optic nerve and in those with scleral invasion. There-
fore, amodification of adjuvant therapy is currently being con-
sidered by our group, including an intensified intrathecal treat-
ment for children with MD in CSF to improve results. These
children had received an already-intensive systemic chemo-
therapy regimen, and all relapses occurred in the CSF. Con-
sidering our previously reported results indicating that the CSF
is usually a sanctuary site in the event of relapse,® the intro-
duction of early and intensive intrathecal chemotherapy may
improve the outcomes of these patients by treating the CSF
compartment more effectively.??

Because according to our treatment philosophy not all pa-
tients with HRPFs received adjuvant therapy, we may pro-
vide some interesting observations. For example, no child of
the 14 patients with isolated massive choroidal invasion had
MD, none received adjuvant therapy, and none relapsed. How-
ever, 1 relapsing patient with PLONI who received adjuvant
therapy had a negative MD evaluation result at diagnosis; there-
fore, in this case, her higher-risk status could not be identi-
fied by MD. This case highlights not only that relapse may oc-
cur even with a negative MD determination but also that
adjuvant chemotherapy, even with relatively intensive regi-
mens, is not a guarantee to prevent all cases of metastatic re-
lapse in high-risk children.®> The remaining patients (n = 50)
with negative MD evaluation results did not relapse. It is un-
certain what their outcome would be without adjuvant therapy.
Hence, as seen in other malignant tumors, such as neuroblas-
toma, a negative MD evaluation result is not enough to guar-
antee a relapse-free outcome, but those higher-risk patients
with MD have an additional higher risk.?* Relapses occurred
only in the CSF, and the BM evaluation result was negative for
MDin all cases at the moment of relapse.® However, issues that
affect the sensitivity of MD determinations in the CSF may be
improved. The low cellularity and limited volume of the CSF
sample made it impossible to obtain RNA for analysis in 36%
of the cases. Differences in the expression of molecular mark-
ers that lead to false-positive results may also occur?*; how-
ever, this result is unlikely to have happened in our cases be-
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cause tumor cells tested positive for CRX mRNA in all relapsing
CSF specimens, whereas MD evaluation results were persis-
tently negative in the BM during the relapse episode.® Alto-
gether, these observations indicate that CSF sampling proto-
col may play a critical role in the accuracy of previous PCR
determinations.

As in neuroblastoma,?” the identification of additional
markers, such as the RB transcriptional corepressor 1 gene
(OMIM 180200) mutation in cases of nonhereditary
retinoblastoma?® or the neuroendocrine protein gene prod-
uct 9.5 (ubiquitin carboxyl-terminal esterase L1) (OMIM
191342),'* as well as other markers, may further improve the
sensitivity of the technique. Even though we found a correla-
tion between patients with HRPFs and MD and metastatic re-
lapse, the enucleated eye should be available for identifying
these patients at risk. If MD could be identified preopera-
tively, higher-risk children may be more readily identified and
treated accordingly. In addition, since the introduction of intra-
arterial chemotherapy, most children with IIRC group D eyes
and an increasingly higher number of children with IIRC group
E eyes are now considered for conservative therapy in many
centers.?”?° Minimal dissemination studies may be helpful for
identifying a subset of children in whom a conservative ap-
proach would not be advisable or should be stopped after in-
traocular disease progression. We routinely performed enucle-
ation up front in all IIRC group E eyes in our center during the
study period, and we found that MD occurred in 18.6% of chil-
dren with IIRC group E eyes presenting with glaucoma, sug-
gesting that conservative treatment in this population should
not be attempted and that these patients should be treated as
having potentially disseminated disease. Hence, according to
our data, children with glaucoma should not be considered can-
didates for conservative therapy.

. |
Conclusions

Our data identified a higher-risk population of children within
a group of retinoblastoma and HRPFs who have MD in whom
DFSislower despite intensive adjuvant therapy. However, the
number of events was relatively small to achieve definitive con-
clusions, which may be evident with longer follow-up. An al-
ternative approach may become needed to improve results in
this population. Children presenting with IIRC group E reti-
noblastoma and glaucoma have a higher risk of MD at diagno-
sis and may not be considered for conservative therapies.
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