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TABLE 1. Brock Criteria and Chang Criteria

Brock Criteria® ' :

Chang Criterial”

Grade 0 < 40dB at all frequencies Grade 0

Grade 1 >40dB at §kHz Grade la -
1b

Grade 2 >40dB at 4-8kHz Grade 2a

: 2b

Grade 3 >40dB at 2kHz Grade 3

Grade 4 >40dB at 1-8kHz Grade 4

© <20dB at 1, 2, and 4kHz
>40dB at any frequency 6-12kHz
> 20 and <40dB at 4kHz
>40dB at 4kHz and above
> 20 and <40dB at any frequency below 4kHz
>40dB at 2 or 3kHz and above !
>40dB at 1 kHz and above

The timing of audiometric assessment was not clearly
defined and was at the discretion of the primary doctor.

The criteria for classification. of hearing loss were
based on the results of audiography. Severity of hearing
loss was graded according to the Brock criteria that are
designed and validated specifically for cisplatin-induced
hearing loss, with a focus on high frequencies® (Table 1).
The numerical grade assigned to patients with asymmetric
hearing loss corresponded to audiometric results for the ear
with better hearing capacity. To evaluate the utility of the
Brock grading system, audiograms were also assigned
Chang grades, which are minor modifications of the Brock
grades developed to incorporate functional deficits caused
by hearing loss of <40dB that are not covered by the
Brock criteria'” (Table 1). Apart from hearing loss at high
frequencies, a threshold hearing loss of >40dB at low
frequencies (125, 250, 500Hz) was also defined to be
abnormal in this study.

RESULTS

Patients

Patient characteristics are summarized in Table 2. Six
(11%) patients experienced disease relapse. Forty-three
(78%) patients were alive at the last follow-up. The median
follow-up from diagnosis to the most recent audiometry
analysis was 2.2 years (range, 0.2 to 19.6y).

TABLE 2. Patient Characteristics

Characteristics No. Patients
Total, n ) 55
Median age at diagnosis 2 (0-14)
(n [range]) (y) '
Males:females, n 31:24
Diagnosis, n
Neuroblastoma 29
Hepatoblastoma 16
Central nervous system tumors 9
Nasopharyngeal carcinoma 1
Cumulative dose of cisplatin 200-1500 (median: 400)
(mg/m?) .
Carboplatin, n 30
Myeloablative carboplatin 10
Cumulative dose of carboplatin 200-5850 (median: 1600)
(mg/m?)
Radiotherapy, n (Gy) 16
- =50 8
30-50 3
<30 5
Status at last follow-up [n (%))
Alive 43 (78)
Dead 12 (22)

Treatment

All patients were treated with cisplatin-based chemo-
therapy. Twenty-two patients received both cisplatin and
carboplatin; 8 patients received cisplatin and. radiotherapy;
and 8 patients received cisplatin, carboplatin, and radio-
therapy. The total cumulative dose of cisplatin at the end of
treatment ranged from 200 to 1500 mg/m? (median, 400 mg/
m?). The total cumulative dose of carboplatin ranged from
200 to 5850 mg/m? (median, 1600 mg/m?). Cisplatin was
changed to carboplatin because of ototoxicity in 2 patients
and nephrotoxicity in 2 patients. Seven patients diagnosed
with a brain tumor that was treated by radiation therapy
received craniospinal irradiation at a dose of 18 to 30 Gy,
which was boosted to a total dose of 24.4 to 50 Gy during
irradiation of the tumor bed. Six patients diagnosed with
neuroblastoma received cranial irradiation at a dose of 12
to 20 Gy, whereas another 2 patients diagnosed with neu-
roblastoma that metastasized to the brain received focal
irradiation at a dose of 36 Gy. The remaining patients
diagnosed with nasopharyngeal carcinoma received irradi-
ation of 60 Gy to the neck lesion.

Ototoxicity

The characteristics of patients with or without hearing
loss are shown in Table 3. Thirty-five (64%) patients
developed = grade 1 hearing loss according to the Brock
criteria. Two patients with hearing loss experienced tinni-
tus, whereas 1 patient experienced dizziness. The cumu-
lative dose of cisplatin at the time of hearing loss diagnosis
ranged from 200 to 1500 mg/m? (median, 400 mg/m?). Ten
(56%) of the 18 patients who received a cumulative dose of

TABLE 3. Profile of Children With Hearing Loss Versus Those
Without Hearing Loss After Cisplatin Treatment

Hearing Loss = No Hearing
(Brock >1) Loss (Brock0) P
Patients (n [%]) 35 (64) 20°(36)

Median age at diagnosis - 0-14 (median: 0-13 (median: 1) 0.43}

® 2)

Males:females, n 22:13 9:11 0.261
Cumulative dose of 200-1500* 200-1170 0.74%
cisplatin (mg/m?) (median: 400)  (median: 380) .
Carboplatin exposure, n 22 : 8 0.161
Myeloablative 8 2 0.30%
carboplatin
Radiotherapy, n 22 4 0.361

*The dose at the time of diagnosis of hearing loss, not at the end of
treatment.

TStudent ¢ test.

IFisher exact test.
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FIGURE 1. Role of cisplatin dose and age at diagnosis. O, normal hearing; A, with hearing loss (Brock grade 1 and 2); A, with hearing

loss (Brock grade 3 and 4); ----, 4 years of age.

cisplatin of <360mg/m? developed hearing loss, whereas
25 (68%) of the 37 patients who received > 360mg/m?
developed hearing loss (Fig. 1). Seven (88%) of the 8
patients treated with a combination of cisplatin, carbopla-
tin, and radiotherapy, and 8 (47%) of the 17 patients
treated with cisplatin only, developed hearing loss. Twenty-
three (59%) of the 39 patients who were treated before the
age of 4 years and 12 (75%) of the 16 patients who were
treated after the age of 4 years developed hearing loss. Nine
(75%) of the 12 patients in the older group with hearing
loss had received radiotherapy (Fig. 1).

The median time to the onset of hearing loss after the
last dose of cisplatin was 71 days (range, — 110 to 3446d).
Hearing loss developed after a year in 4 patients (11%) and
at or after 2 years in 6 patients (17%; Fig. 2). Their total
cumulative dose of cisplatin ranged from 240 to 1500 mg/
m? (median, 410mg/m?). Only 1 patient received radio-
therapy and 8 patients were treated before the age of 4
years. Nine (75%) of the 12 patients who received radiation
therapy developed hearing loss within 6 months from the
end of cisplatin administration.

The severity of hearing loss graded by the Brock cri-
teria and Chang criteria is shown in Table 4. Of the 35
patients who developed hearing loss, severe hearing loss
was identified in 16 (46%) patients according to the Brock
criteria (grade 3 and 4) and 28 (80%) patients according to
the Chang criteria (grade 2b to 4). Severe hearing loss
according to the Brock criteria (grade 3 and 4) was
observed in 12 of the 23 (52%) younger patients (under 4y)
and 4 of the 12 (33%) older patients (4y or older). In
contrast, severe hearing loss according to the Chang criteria
(grade 2b to 4) was observed in 18 of the 23 (78%) younger
patients and 5 of the 12 (42%) older patients. Four patients
with Brock grades 2 to 4 and Chang grades 2b to 4 required
hearing aids. Their total cisplatin doses were 260, 264, 360,
and 450 mg/m?, respectively, and 2 patients had received
radiotherapy. Fifteen (43%) of the 35 patients with hearing
loss exhibited hearing loss even at low frequencies; 4
patients showed persistent hearing failure, whereas 11
patients showed transient failure. Six patients experienced
progressive hearing loss with time (Table 5); progression to
hearing loss took >2 years in 5 of them.
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FIGURE 2. Time to onset of hearing loss since cisplatin treat-
ment. O, Patients without radiation therapy; @, Patients with
radiation therapy.
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TABLE 4. Severity of Hearing Loss

Brock Criteria

1-2 3-4 Total
Chang criteria
la-2a 12 0 12
2b-4 7 16 (3) 23
Total 19 16 35
() hearing aids.
DISCUSSION

This study evaluated hearing loss in 55 pediatric
patients who had received cisplatin as anticancer therapy.
We included all patients who were treated with cisplatin
with or without carboplatin and/or radiotherapy. In total,
64% patients treated with cisplatin developed hearing loss.
In agreement with previous studies, a cumulative dose of
cisplatin >360 to 400 mg/m? is directly related to the onset
of ototoxicity. In our cohort, 56% patients who had
received <360mg/m? at least 200 mg/m? of cisplatin and
68% patients who had received =360 mg/m? of cisplatin
developed hearing loss. Contrary to the previous findings,
we found that the cumulative dose of cisplatin did not
correlate exactly with the onset of hearing loss. In contrast,
patients treated with cisplatin, carboplatin, and radio-
therapy developed ototoxicity at a high rate (88%). We
found that the risk of hearing loss was associated with
cisplatin-based multimodal therapy that included carbo-
platin and/or radiotherapy rather than a cumulative dose of
cisplatin alone. Therefore, we could not predict by total
dose of cisplatin whether they develop hearing loss or not.
It is very important for all pediatric patients treated with
cisplatin to undergo screening for hearing loss from the
early treatment and posttreatment phases in addition to the
regular follow-up evaluations, irrespective of the cumu-
lative dose of cisplatin. Another issue is deciding between
discontinuation of cisplatin to preserve residual hearing or
continuation of the drug to maximize survival. Despite the
current recommended monitoring for hearing loss during
cisplatin therapy and existing guidelines for cisplatin dose
modifications, the ultimate effects of these dose mod-
ifications on hearing outcome has not been thoroughly
evaluated. Prospective studies are warranted to clarify this.

The time to onset of hearing loss from the last dose of
cisplatin was variable in this study. Previous studies sug-
gested that a possible delay in the onset of hearing
impairment ranged from 1 to 50 months after therapy.”'®
Our study demonstrated that it took >2 years to progress
to hearing loss in 17% patients. Results of most reviews
suggest that hearing loss is permanent and stable after the

completion of therapy. Bertolini and colleagues observed
progressive hearing loss after as long as 136 months from
the end of therapy with platinum compounds for pediatric
solid tumors. Radiation therapy also increases the risk of
ototoxicity, and survivors > 5 years after diagnosis remain
at risk for the development of ototoxicity.!%!? We found
that 6 patients had a 5-year progression of hearing loss, and
4 of them had received radiation for head lesions. Forty-
three percent patients with hearing loss (> Brock gradel)
also exhibited hearing loss at low frequencies that were not
defined in the Brock criteria. As previously reported,
hearing loss at low frequencies is sometimes reversible, and
some of our patients experienced transient low-frequency
hearing loss. In most cases, the cause was edema or
inflammation. However, 4 patients exhibited persistent low-
frequency hearing loss for reasons unknown. Even if
audiograms are normal at the end of cisplatin-based ther-
apy, it is important to maintain long-term observations for
ototoxicity. On the basis of our results, we suggest that
patients treated with cisplatin should receive audiologic
management for > 5 to 10 years after the end of treatment.
With the recent advances in technology, online hearing tests
or hearing check lists are easily accessible at home, making
prolonged assessment possible and cost-effective.

Younger age at the time of treatment has been found
to increase the risk of hearing loss.% 101! Children younger
than 4 to 5 years of age at the time of treatment were more
likely to acquire high-frequency hearing loss compared with
older children. However, in our study, 59% patients who
were younger (4y or below) and 75% patients who were
older (above 4y) at diagnosis developed hearing loss. This
may be because more patients in the older (above 4 y) group
received radiation therapy.

In most studies, age was directly correlated with the
severity of hearing loss. This is because of the immaturity of
the cochlea cells or the age-related pharmacokinetics of cis-
platin.2® In our study, the younger group (under 4y) com-
prised a higher proportion of patients with Brock grades 3
and 4 compared with the older group (above 4y). The severity
of hearing loss as graded by the Brock criteria did not cor-
relate with the adaptation of hearing aids. In this report, the
severity in 4 patients with hearing aids widely ranged from
grade 2 to 4. In contrast, it is recommended that patients with
Chang grades of >2b should use hearing aids. Of our
patients, 4 with Chang grades 2b to 4 required hearing aids
and accounted for 17% patients with grades 2b to 4. Brock
and Chang criteria did not always predict audiologic inter-
vention in our study. The Brock criteria focus on high-
frequency hearing loss, where cisplatin-induced hearing loss
manifests first. As mentioned previously, some patients pre-
sented with hearing loss at low frequencies. Although speech
frequencies are considered to be 500 to 2000 Hz, they differ
with language. For example, Japanese words comprise lower

TABLE 5. Patients With Progressive Hearing Loss

Severity (Grade)

Age at Radiotherapy Time From Onset of Hearing

Cases Diagnosis (y) (Gy) Loss to Progression (y) Brock Criteria Chang Criteria
1 9 + (50) 39 1-4 1-4

2 14 + (60) 5.1 1-2 2b-2b

3 3 + (18) 3.5 1-2 la-2b

4 3 — 33 3-4 2a-4

5 4 — 0.2 2-3 2b-3

6 4 + (12) 42 1-3 2b-3
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frequencies compared with English words. Therefore, it is
important for the grading system to predict the need for
hearing support more reliably by including lower frequencies.
Another problem with hearing aids is that they require
advanced techniques to adjust the hearing level, particularly in
patients with high-frequency hearing loss, and therefore,
cochlear implants are sometimes required in these patients. A
system to evaluate how hearing loss affects communication is
also required.

There is evidence that platinum ototoxicity shows
significant interindividual genetic variability and racial
variability.!> In a study, genetic variations in 2 specific
genes, namely, thiopurine S-methyltransferase (TPMT) and
catechol-O-methyltransferase (COMT), were identified as
having a strong association with cisplatin-induced ototox-
icity in pediatric patients. TPMT and COMT variants were
found to be associated with severe ototoxicity, and patients
who carried at least 3 of the 4 risk alleles exhibited a rapid
decline in their hearing, often after the first dose of cispla-
tin. Of late, Japanese patients have been reported to be
more susceptible to cisplatin-induced hearing loss.2’ Ethnic
differences in the prevalence of one or more of these gene
polymorphisms may be the underlying cause of the higher
susceptibility of Japanese patients to cisplatin. Study on
cisplatin-induced hearing loss targeting westerners have
been reported a lot; however, a study on other races
including the Japanese is quite limited.

Our study faces many limitations inherent to any ret-
rospective analysis, particularly those imposed by the varia-
bility in timing and quality of audiometry data available for
patients at different time points. In addition, there were no
clear criteria for conducting hearing tests in our cohort, and
patients treated with lower doses of cisplatin did not undergo
hearing evaluation. Audiologic evaluation was more difficult
in the younger patients, whose hearing level may have been
evaluated to be worse than it actually was. Our study are
largely influenced by many factors because of the variety of
diagnoses. This study contains patients with vastly different
exposures in terms of type of chemotherapy, dose, age at
treatment, and exposure of radiation. Because of the small
sample size, we could not include the use of statistical anal-
ysis. We emphasize the result that low dose of cisplatin could
develop hearing loss and some of them also develop late
hearing loss or hearing loss at lower frequencies (125 to
500 Hz). We would not be able to predict by the total dose of
cisplatin whether they develop hearing loss or not and only
close follow-up evaluation would do so. Our results suggest
that all patients who received cisplatin-based chemotherapy
would undergo audiometry at baseline, after each cisplatin or
carboplatin dose, at the end of therapy, and every several
months or years after the end of therapy. Further prospective
studies with analysis of genetic polymorphisms were required
to confirm our observations.

In conclusion, our study did not validate the risk
factors demonstrated by earlier studies: the cumulative dose
of cisplatin and/or younger age, both associated with the
onset of hearing loss. A lower dose (< 360 mg/m?) of cis-
platin was found to cause hearing loss not only in younger
(under 4y) patients but also in older (4y or older) patients.
The onset of hearing loss may be associated with many

factors, including genetic background and combination

with ototoxic therapy. Future prospective studies are
therefore required to predict the risk factors associated with
hearing loss, including genetic background. Ultimately, a
long-term follow-up system that helps in identifying

© 2013 Lippincott Williams & Wilkins

individuals who will require hearing support is crucial for
providing the appropriate intervention.

REFERENCES

1. Doz F, Pinkerton R, Pacquement H, et al. Platinum derivatives
in pediatric oncology. Arch Fr Pediatr. 1993;50:353-359.

2. Erdlenbruch B, Nier M, Kern W, et al. Pharmacokinetics of
cisplatin and relation to nephrotoxicity in pediatric patients.
Eur J Clin Pharmacol. 2001;57:393-402.

3. Grewal S, Merchant T, Reymond R, et al. Auditory late effects
of childhood cancer therapy: a report from the Children’s
Oncology Group. Pediatrics. 2010;125:938-950.

4. Coradini PP, Cigana L, Selistre SG, et al. Ototoxicity from
cisplatin therapy in childhood cancer. J Pediatr Hematol
Oncol. 2007;29:355-360.

5. Bertolini P, Lassalle M, Mercier G, et al. Platinum compound-
related ototoxicity in children: long-term follow-up reveals
continuous worsening of hearing loss. J Pediatr Hematol
Oncol. 2004;26:649-655.

6. Kushner BH, Budnick A, Kramer K, et al. Ototoxicity from
high-dose use of platinum compounds in patients with neuro-
blastoma. Cancer. 2006;107:417-422.

7. Knight KR, Kraemer DF, Neuwelt EA. Ototoxicity in children
receiving platinum chemotherapy: underestimating a com-
monly occurring toxicity that may influence academic and
social development. J Clin Oncol. 2005;23:8588-8596.

8. Einarsson EJ, Petersen H, Wiebe T, et al. Long term hearing
degeneration after platinum-based chemotherapy in childhood.
Int J Audiol. 2010;49:765-771.

9. Brock PR, Bellman SC, Yeomans EC, et al. Cisplatin
ototoxicity in children: a practical grading system. Med Pediatr
Oncol. 1991;19:295-300.

10. Li'Y, Womer RB, Silber JH. Predicting ototoxicity in children:
influence of age and the cumulative dose. Eur J Cancer.
2004;40:2445-2451.

I1. Children’s Oncology Group. Long-term follow-up guide-
lines for survivors of childhood, adolescent and young
adult cancers, Version 3.0. Arcadia, CA: Children’s Oncology
Group, 2008. Available at: http://www.survivorshipguidelines.
org. Accessed October 15, 2012.

12. Jehanne M, Lumbrose-LeRouic L, Savignoni A, et al. Analysis
of ototoxicity in young children receiving carboplatin in the
context of conservative management of unilateral or bilateral
retinoblastoma. Pediatr Blood Cancer. 2009;52:637-643.

13. Lambert MP, Shields C, Meadows AT. A retrospective review
of hearing in children with retinoblastoma treated with
carboplatin-based chemotherapy. Pediatr Blood Cancer. 2008,
50:223-226.

14. Dolan ME, Newbold KG, Nagasubramanian R, et al. Herit-
ability and linkage analysis of sensitivity to cisplatin-induced
cytotoxicity. Cancer Res. 2004;64:4353-4356.

15. Ross CJ, Katzov-Eckert H, Dube MP, et al. Genetic variants -
in TPMT and COMT are associated with hearing loss in
children receiving cisplatin chemotherapy. Nat Genet. 2009;41:
1345-1349.

16. Eiamprapai P, Yamamoto N, Hiraumi H, et al. Effect
of cisplatin on distortion product otoacoustic emissions in
Japanese patients. Laryngoscope. 2012;122:13921-13926.

17. Chang KW, Chinosornvatana N. Practical grading system for
evaluating cisplatin ototoxicity in children. J Clin Oncol.
2010;28:1788-1795.

18. Berg AL, Spitzer JB, Garvin JH. Otologic impact of cisplatin in
paediatric oncology patients. Laryngoscope. 1999;109:1806-1814.

19. Whelan K, Stratton K, Kawashima T, et al. Auditory
complications in childhood cancer survivors: a report from
the childhood cancer suvivor study. Pediatr Blood Cancer.
2011;57:126~134.

20. Murakami T, Inoue S, Sasaki K, et al. Studies on age-
dependent plasma platinum pharmacokinetics and ototoxicity
of cisplatin. Semin Cancer Therapy. 1990;6:145-151.

www.jpho-online.com | 5

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

— 276 —



OBSERVAT!ONS

Long-Term Follow-Up Results of the Observation Program for
Neuroblastoma Detected at 6-Month Mass Screening

Ayumu Arakawa, MD', Eiji Oguma, MD?, Toshinori Aihara, MD?, Hiroshi Kishimoto, MD®, Akira Kikuchi, MD"*,
Ryoji Hanada, MD', and Katsuyoshi Koh, MD'

We conducted an observation program of neuroblastoma in infants, detected by mass screening at 6 months of
age; we followed up with them for 15 years. No recurrence was observed after disappearance of tumors, and persis-
tent tumors showed no malignant transformation or metastasis. Hlstology of the resected tumors showed age-

related differentiation. (J Pediatr 2014; & . B-&).

i n 1985, nationwide mass screening (MS) for neuroblas-
§ toma (NBL) in 6-month-old infants began in Japan. Dur-
& ing this period, no clear decrease in the incidence of
unfavorable NBL at an older age was observed.' Similar re-
sults of large-scale interventional studies in Canada” and Ger-
many" were reported around the same time, and MS in Japan
was discontinued in March 2004.

In 1994, we initiated an observation program for localized
NBL cases detected by MS without any therapy and reported
the benign characteristics of these tumors after a 2-year
observation period.* Although our short-term observation,
such as several similar ones,”™ confirmed the tendency of
NBL to spontaneous regression, the natural course of NBL
over longer periods remains unclear. Therefore, we have
continued follow-up of these patients for up to 15 years (me-
dian follow-up period of 81 months) and report here the
observation results for 45 tumors.

Methods

Among 132 patients with NBL who were identified by MS
and diagnosed at Saitama Children’s Medical Center be-
tween April 1994 and March 2004, 45 patients met the
following criteria and were enrolled in the observation pro-
gram: (1) Evans stage I or II; (2) tumor diameter of <5 cm;
(3) no intraspinal canal or great vessel invasion; (4) urinary
vanillylmandelic acid (VMA) and homovanillic acid (HVA)
levels of <50 ug/mg creatinine; and (5) informed consent
obtained from guardians. All 12 cases reported in our
short-term observations were further noted and included
in our analysis.* Our workup included confirmation of
elevated urine catecholamine metabolites, ultrasonography,
computed tomography/magnetic resonance imaging
(MRI), bone scintigraphy, metaiodobenzylguanidine scan,
and bone marrow aspiration from at least one site. The cut-

HVA Homovanillic acid

MRI Magnetic resonance imaging
MS Mass screening

NBL Neuroblastoma

VMA Vanillylmandelic acid

off values for VMA and HVA were 16.4 and 29.9 ug/mg
creatinine, respectively.

To avoid invasive diagnostic procedures for patients with
these potentially benign tumors, we diagnosed NBL without
biopsies if they fulfilled the following 2 typical NBL clinical
characteristics: tumor consistent with NBL radiologically
showing metaiodobenzylguanidine uptake and elevated
urine VMA and/or HVA levels. One patient with a stage
IIT tumor was enrolled because the parents had declined
surgery or chemotherapy for religious reasons. This pa-
tient’s adrenal tumor disappeared at the age of 67 months.
At follow-up, we measured VMA/HVA levels and used ul-
trasonography to evaluate the maximal diameter of the tu-
mor’s horizontal section. In patients with posterior
mediastinal tumors, we used MRI to evaluate tumor vol-
ume. We used computed tomography/MRI to confirm tu-
mor disappearance. During follow-up, tumor resection
was performed in the following cases: tumor growth
>5 c¢m in maximal diameter; continuous VMA/HVA eleva-
tion >50 ug/mg creatinine; physician’s decision for surgery
because of intensive tumor growth; or guardians’ request.
Patients were classified into the following 3 groups: group
A, patients whose tumors disappeared during follow-up;
group B, patients whose tumors remained detectable during
follow-up; and group C, patients whose tumors were re-
sected for any reason during follow-up.

Resulls

Patient characteristics are shown in the Table. The primary
tumor site was the adrenal gland in 32 patients (71%), the
retroperitoneum in 9 patients (20%), and the posterior
mediastinum in 4 patients (9%). Overall, 17 cases were in
group A (37%), 19 cases were in group B (42%), and 9
cases were in group C (20%). No significant differences

From the Departments of "Hematology/Oncology, 2Radiology, and Pathology,
Saitama Children’s Medical Center, Saitama, Japan

*Deceased.
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linical findings and results of observation program of 45 infants with NBL detected through MS
Group A, observed/ Group B, observed/ Group C, resected All patients
disappeared (n = 17) detectable (n = 19) (n=9) (n = 45)
Patient characteristics (%) P
Sex 049
Male - 7#1) 10 (53) 8(89) 25 (56)
Female 10 (59) 947 1(11) 20 (44)
Tumor site 458
Adrenal gland 14 (82) 11 (58) 6 (67) 31 (69)
Retroperitoneum 2(12) 5 (26) 3(33) 10 (22)
Posterior mediastinum 1(6) 3(16) 0 4(9)
Clinical variables (range) pr
Median age at presentation (mo) 7.2 (6.3-9.5) 7.5(6.7-9.7) - 7.4 (6.2-8.7) .549 2(6.2-9.7)
Median observation period (mo) 101 (35-139) 81 (4-184) 73 (56-126) 274 81.(4-184)
Median tumor diameter at diagnosis (mm) 32 (19-49) 32 (19-51) 30 (24-46) 408 30 (19-51)
Median VMA value at diagnosis (ug/mg Cre) 26.1 (15.7-39.5) 27.4 (11.5-55.8) 24.9 (17.2-48.2) 529 26.1 (11.5- 55 8)
Median HVA value at diagnosis (ug/mg Cre) 28.9 (20.0-45.0) 28 5 (17.5-59.7) 30.7 (18.5-40.8) 878 28 9 (17.5-59.7)
4 Median age at VMA normalization (mo) 10 (8-15) 5 (7-39) 18 (10-39) .004 2 (8-39)
7

Statistically significant values (P < .05) are in bold.
*Fisher exact test.
tTKruskal-Wallis test.

among the 3 groups were observed in terms of age, tumor
diameter, or initial VMA/HVA levels (Table).

Among the 17 group A cases, the median ages of VMA
normalization and tumor disappearance were 10 months
(range, 8-15 months) and 64 months (range, 16-134 months),
respectively. In group A, urinary VMA levels normalized
earlier than in groups B or C (Table). After tumor
disappearance, no relapse or VMA/HVA re-elevation was
observed during the median follow-up period of 26 months
(range, 0-108 months) (Figure 1, A).

Among the 19 group B cases, VMA levels normalized at the
median age of 15 months (range, 7-39 months) despite
continued tumor presence. Patients were followed to the me-

dian age of 80.5 months (range, 13-191 months), and no sign
of metastasis or VMA/HVA re-elevation was observed
(Figure 1, B). Despite the continuous presence of tumors,
tumor-related complications or symptoms were not
observed. The median size of the remaining tumors at last
follow-up was 19 mm (range, 7-47 mm).

Among the 9 group C cases, the median age at resection
was 21 months (range, 10-54 months). Resection was per-
formed in 3 cases because of rapid tumor growth
(Figure 1, C): 1 tumor grew beyond a diameter of 5 cm,
and in the other 2 cases, the physician opted for resection
because of rapid tumor growth. For the other 6 cases, the
guardians requested resection, although the patients still
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50 o 50 50
a0 40 4 W 40
30 30 - § 30
20 20 4 20
i0 4 10 10 4
o T o Y Y T T T T 0 T T T
120 0 30 60 S0 120 150 180 [+ 30 60 90
100 100 -
80 - 80
60
40 A
20 4
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Figure 1. Maximal tumor diameter and VMA value trends in A, group A, B, group B, and C, group C. Tumors that gradually grew
after temporal regression are shown with a blue line and tumors that were resected because of rapid tumor growth are shown
with a red line.
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fulfilled the criteria for observation only. Tumor histology
showed a tendency to differentiation that correlated with
the patients’ age at resection (Figure 2; available at www.
jpeds.com). Some tumors in groups B and C showed a
gradual increase in size after temporal regression (Figure 1).

Discussion

Our follow-up results reaffirmed the benign characteristics of
the NBLs detected by MS and indicated that these tumors are
unlikely to undergo malignant transformation after regres-
sion. In our analysis, 2 different types of responses were
observed: regressing and remaining tumors and tumors
demonstrating an increase in size after temporal regression.
Marachelian et al reported that regressing and maturing tu-
mors presented different histologic characteristics.” In this
report, cytoplasmic enlargement and proliferation of
Schwann stroma were observed in some maturing tumors,
which could explain tumor regrowth. Banelli et al showed
that benign ganglioneuroma had notably different patterns
of gene methylation compared with malignant NBL cells."’
Thus, these 2 groups presumably have different biological
characteristics, although we cannot draw conclusions
because of the lack of genetic and histologic analysis in our
patients.

Among the tumors resected, we observed histologic differ-
entiation proportional to longer observation period and
increasing age of the patients, which is consistent with previ-
ous reports.””!*!* Although many of these tumors had to be
resected upon guardians’ requests, we believe that the charac-
teristics of these tumors were not substantially different from
benign tumors in groups A and B (except 3 tumors showing
rapid growth). Thus, this differentiation reflects the regres-
sion/maturation process and the benign characteristics of
these tumors and strongly supports our initial hypothesis
that majority of these tumors could have been safely observed
without intervention.

Our long-term follow-up, together with other reports of
observation programs,”® supports the hypothesis that most
NBLs identified during MS are not related to the progressive
and malignant NBL tumors detected at older ages. Thus, MS
at 6 months of age could not decrease the population-based
incidence of advanced-stage disease or NBL-associated mor-
tality, and cessation of MS as a national health project was
appropriate.

It is highly plausible that clinically detected NBLs in in-
fants include a considerable proportion of benign tumors
that regress without treatment, and some researchers
have reported their prospective study results that did not
involve any treatment for selected infant patients with
NBL.'*"* To establish an observation-only strategy in

these patients, more attempts should be explored in a pro-
spective trial. m
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tion to this study, Dr Yasuhiko Kaneko for helpful comments, and
Dr Tadashi Iwanaka for his excellent surgery.
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Abstract

Every clinical trial starts from the design and planning stage, moves to trial conduct, data
management and monitoring, and finally to the data analysis and conclusions. Each step along the way
calls for statistical methods. While basic research which can be guaranteed a result by reproducibility,
clinical trials which cannot be repeated with the same design must be guaranteed by the validity of design
and procedure. If a biostatistician take part in the planning stage, we can do the high quality of clinical
trials. In recent years, reports insisting on the usefulness of Bayesian statistics in clinical studies have
steadily increased. The development of efficient and ethical design will become important in the future,
from the viewpoint of the best use of resources. In this paper, I will describe the standard methods for
randomized clinical trials, and Bayesian methods which could be useful for the design of exploratory
clinical trials.

Key Words: Technology assessment, Statistical hypothesis, Randomization, Statistical consideration,
Bayesian statistics.
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RASSF1A methylation was frequent in neuroblastomas found in infants by mass-screening or infants and
children diagnosed clinically, whereas CASP8 and DCR2 methylation was only frequent in tumors in chil-
dren. When classified according to the ploidy status, RASSF1A and PCDHB methylation was only associ-
ated with MYCN amplification and poor outcomes in infants with a clinically diagnosed diploid, not

triploid tumor. RASSF1A and PCDHB methylation was associated with poor outcomes in children with
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triploid and diploid tumors, respectively, and with MYCN amplification in children with diploid tumor.
RASSF1A methylation may have two biological roles based on the ploidy status and patient’s age.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Neuroblastoma is the most common solid tumor in children,
and accounts for 8-10% of childhood cancers and 15% of childhood
cancer deaths {1]. While localized neuroblastomas in infants re-
gress spontaneously or mature, disseminated tumors in children
resist intensive multimodal treatment {2,3]. A mass-screening pro-
gram has been conducted on infants in Japan and other countries,
based on the assumption that the early detection of tumors in in-
fants could improve overall outcomes [4-5]. Because it is clear that
damage has been caused by excessive treatment of some neurobl-
astomas that would have regressed spontaneously, and the effec-
tiveness of the program has been questioned {5-7}, this program
was discontinued in Japan.

RASSF1A functions as a tumor suppressor gene that plays an
important role in cell cycle arrest, apoptosis, genomic stability,
microtubule stabilization, and cell motility [8-10]. The mRNA
expression levels of RASSFIA are controlled by DNA methylation
in the promoter region, and it is a representative gene that shows
hypermethylation in various primary tumors {8,11-24]. Caspase 8
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encoded by CASP8 is a family member of cysteine proteases that
play essential roles in apoptosis, and silencing of CASP8 by methyl-
ation has frequently been found in neuroblastomas, especially
those with MYCN amplification [14-19,21,22,24-28]. DCR2 has
been shown to prevent binding of TNF-related apoptosis-inducing
ligand (TRAIL) to the death receptors, DR4 and DR5 as a decoy
receptor, and exhibits antiapoptotic activity. The down-regulation
of DCR2 by promoter methylation was reported in various types of
cancer including neuroblastoma [29,3¢]. In addition, the CpG is-
land methylator phenotype (CIMP) was shown to have stronger
prognostic power than methylation of individual genes in neurobl-
astomas; CIMP was detected by methylation analysis of the PCDHB
CGls [31].

Tumor cell ploidy is one of the biomarkers that predicts out-
comes of patients with neuroblastoma. The majority of tumors
found by mass-screening have been characterized by triploidy
[32]. The International Neuroblastoma Risk Group (INRG) classifi-
cation system used ploidy (DNA index) to classify tumors with dis-
tant metastasis and less than 18 months of age [33}].

Many studies have examined the methylation status of tumor
suppressor genes in neuroblastomas; however, none have clarified
the association between methylation of the genes and the subtypes
of tumors classified by age, method for tumor detection, or the
ploidy status, although the disease is well-known for its biological
heterogeneity [14-28]. We found that RASSF1A, CASP8, DCR2, and
PCDHB family were significantly methylated, and associated with
clinical and MYCN status. When tumors were classified according
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to the ploidy status, RASSF1A and DCR2 methylation was associated
with poor outcomes in infants with a diploid, not triploid tumor,
and in children with a triploid, not diploid tumor, suggesting
age-dependent heterogeneity in triploid tumors.

2. Material and methods
2.1. Patients and samples

Tumors were obtained from 259 Japanese infants or children with neuroblas-
toma who underwent biopsy or surgery between January 1985 and December
1998. One-hundred and twenty-three patients were found by mass-screening to
have neuroblastomas at 6 months of age (group A1) and 64 patients at 18 months
of age or less (group A2), and 72 children over 18 months (group B) were diagnosed
clinically.

2.2. Ploidy determined by interphase FISH and flow cytometry

Pathologists in each institution verified that each sample contained 70% or more
tumor cells. To detect the copy number of chromosome 1s and the status of 1p, two-
color FISH was performed using the two probes, D1Z1 and D1Z2, as described pre-
viously {341 Disomy 1, trisomy 1, tetrasomy 1, or pentasomy 1 was determined
based on the number of D1Z1 signals. The DNA index of tumor tissues was analyzed
on the Becton-Dickinson FACScan flow cytometer by DNA cell-cycle analysis soft-
ware-version C. Tumors were classified into 2 types (diploid, 2n and triploid, 3n)
based on the numbers of chromosome 1 or the DNA index obtained by flow cytom-
etry. Triploidy included triploidy and hyperdiploidy determined by flow cytometry,
and tumors with a combination of cells with 3, 4, and 5 chromosomes 1 examined
by FISH were classified as triploid (3n) tumors.

2.3. Sodium bisulfite modification and conventional methylation-specific PCR (MSP)
analysis

Bisulfite treatment was performed as previously described {11,35]. The genes
examined were RASSF1A, CASP8, DCR2, HOXA9, RUNX3, NORE1A, p16INK4A, p14ARF,
RASSF2A, SOCS1, RiZ1, and HOXBS. Primer sequences and PCR conditions were de-
scribed in a previous study {11}. PCR products were run on 2% agarose gels and visu-
alized after staining with ethidium bromide.

2.4. Quantitative MSP analyses of RASSF1A, DCR2, and PCDHB family

Bisulfite-modified DNA was used as a template for TagMan- or SYBR green
I-based real-time PCR using a LightCycler (Roche Diagnostics), as described previ-
ously {11]. Primers and probes used to specifically amplify bisulfite-converted
DNA for the internal reference gene (ACTB) and target genes (RASSFIA, DCR2, and
PCDHB family) were described in Supplementary Table 1 {11.31}]. Each amplification
reaction included positive and negative controls for the methylation status of target
genes, and tumor DNA samples with the bisulfite treatment. ACTB was used as a ref-
erence gene to determine the relative level of methylated DNA for one of the target
genes in each sample.

We failed to detect quantitative PCR products using PCR primers and a probe for
the exon 4 region of CASP8, from which PCR primer sequences for conventional PCR
were obtained, probably because of low CpG contents of the region.

2.5. MYCN amplification analysis

DNA preparation, digestion, and Southern blot analysis using the MYCN probe
were performed as described previously {34]. More than 3 copies of the MYCN gene
per haploid genome were considered to indicate amplification.

2.6. Statistical analysis

The significance of differences in various biological and clinical aspects of the
disease among the patient groups was examined by the Chi-square or Fisher's exact
test. The Student’s ¢t test with or without Welch's correction compared the mean
percentages of RASSF1A, DCR2, or PCDHB methylation between two types of tumors
with or without MYCN amplification or any two ploidy groups classified by the age
of patients and the method of tumor detection. The overall survival for each group
of patients was estimated on August 30, 2003 by the Kaplan-Meier method, and
compared using log-rank tests. The survival time was defined as the interval be-
tween remission induction or surgery and death from any cause. The influence of
various biological and clinical factors on overall survival was estimated using the
Cox proportional-hazards model calculated with Stat Flex software for Windows,
version 6.0.

3. Results
3.1. Conventional and quantitative MSP analysis

The methylation status of RASSF1A, CASP8, DCR2, HOXA9, RUNX3,
NOREI1A, pT6INK4A, p14ARF, RASSF2A, SOCS1,-RIZ1, and HOXB5 was
examined using conventional MSP. Conventional MSP analysis of
the RASSF1A, CASP8, and DCR2 genes was performed in 259 neu-
roblastomas [123 found by mass-screening (group Al) and 136
found clinically (groups A2 + B)], and of the other 9 genes in 45 tu-
mors (25 found by mass-screening and 20 diagnosed clinically).
RASSF1A, CASP8, and DCR2 were methylated in 57.7%, 3.3%, and
3.3% of 123 neuroblastomas found by mass-screening, in 51.6%,
10.9%, and 1.6% of 64 tumors diagnosed clinically (<18 months),
and in 70.8%, 40.3%, and 38.9% of 72 tumors diagnosed clinically
(>18 months) (Supplementary Tables 2-4). None of the 9 other
genes (HOXA9, RUNX3, NORE1A, p16INK4A, p14ARF, RASSF2A, SOCS1,
RIZ1, and HOXB5) were methylated in the 45 tumors.

Quantitative MSP analysis of RASSF1A, DCR2, and PCDHB meth-
ylation was carried out in 221 (85.3%), 116 (44.8%), and 116
(44.8%), respectively, of 259 neuroblastomas. Group Al was in-
cluded in RASSF1A analysis, and excluded from DCR2 and PCDHB
analysis. We performed ROC analysis, and determined cut-off val-
ues of 26%, 7%, and 18% of RASSF1A, DCR2, and PCDHB methylation
(Fig. 1, A, B, and C). We then examined the dose-response relation-
ship between percentages of RASSF1A, DCR2 and PCDHB methyla-
tion (10%, 20%, 30%, 40%, 50%, 60%, 70% and 80%) and overall
survival, and adopted the cut-off value of 40%, 70%, and 60%,
respectively, which gave the highest HR (Fig. 1D-F). Although
cut-off values were determined based on data of overall survival,
they were also used for association analysis between gene methyl-
ation and clinical and MYCN features.

3.2. Correlation between RASSF1A, CASP8, DCR2, and PCDHB
methylation and stage of the disease

We found no significant difference in stage distribution be-
tween RASSF1A-, CASPS-, and DCR2-methylated tumors and RASS-
F1A-, CASP8-, and DCR2-unmethylated tumors, respectively,
determined by conventional MSP and found by mass-screening
with an exception of RASSF1A-methylated diploid tumors (Table 1).
RASSF1A-methylated tumors were at more advanced stages than
RASSF1A-unmethylated tumors in infants and children diagnosed
clinically (P=0.018 and P =5.49E-05). Quantitative MSP analysis
confirmed the association. CASP8- and DCR2-methylated tumors
were at a more advanced stage than CASP8- and DCR2-unmethylat-
ed tumors in children (P = 0.026 and P = 5.06E—05), however, such
an association was not detected in tumors in infants diagnosed
clinically. Quantitative MSP analysis of DCR2 confirmed the associ-
ation between the methylation and an advanced stage in children,
but not in infants. The similar association was also found between
PCDHB-methylated and —unmethylated tumors in children.

When tumors were further classified according to the ploidy
status, RASSF1A-methylated diploid tumors were or were more
likely to be a more advanced stage than RASSF1A-unmethylated
diploid tumors in infants found by mass-screening (P =0.029) or
clinically diagnosed (<18 months) (P=0.052) and in children
(>18 months) (P=0.006) (Table 1). RASSF1A-methylated triploid
tumors in children were at a more advanced stage than RASSFIA-
unmethylated triploid tumors in children (P=3.12E-03), but not
in infants found by mass-screening or clinically diagnosed. Quanti-
tative MSP could not confirm the association in children.

Children with CASP8-methylated tumors were at a more ad-
vanced stage than those with CASP8 unmethylated tumors in chil-
dren (P =0.026). DCR2-methylated diploid and triploid tumors in
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