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Context.—Several countries of the Central America and Caribbean 
region have been sharing regional neuroblastoma (NB) treatment guide-
lines. However, there is no standardization in the diagnosis, subclassifi-
cation, or tumor biology to aid in the risk stratification of these patients.

Objective.—To examine the histology and assess the accuracy 
of the local pathology reports; to evaluate the usefulness of manual 
MYCN immunohistochemistry (IHC); and to use NB as a model to 
identify the needs to establish a central pathology review (CPR) pro-
gram in this region.

Design.—A retrospective CPR of specimens derived from pa-
tients with a diagnosis of NB and treated under the regional NB guide-
lines between 2012 and 2017 was conducted, allowing for a compari-
son between local diagnoses and the CPR diagnoses. Manual MYCN 
IHC was performed in the confirmed NB specimens and the results 
compared with known fluorescence in situ hybridization or automated 
IHC results, when available.

Results.—The 156 specimens reviewed included 460 blocks and 
183 original slides. Neuroblastoma was confirmed in 138 samples 
(88.5%), but low concordance rates for Shimada classification (n = 
39; 25.0%), mitotickaryorrhectic index (n = 4; 2.5%), and International 
Neuroblastoma Pathology Classification (n = 18; 11.5%) were noted. 
Manual MYCN IHC performed on 120 specimens showed conclusive 
results in 89.2% (28 positive, 23.4%; 79 negative, 65.8%) and ques-
tionable results in 10.8% (n = 13).

Conclusions.—This retrospective CPR highlights the need for a 
CPR program to serve this region, to ensure correct diagnosis and 
subclassification of NB, and to provide manual MYCN IHC—with 
reflexing to fluorescence in situ hybridization, if questionable. This 
approach can further regional collaboration, enhance test utilization, 
and ultimately improve patients’ outcomes. 

(Arch Pathol Lab Med. 2021;145:214–221. Doi: 10.5858/ar-
pa.2019-0570-OA).
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Established in 1998, the Asociación de Hemato-Oncología Pe-
diátrica de Centro América (AHOPCA) is a consortium of pedia-
tric oncology centers from Central American and Caribbean region 
countries, including Nicaragua, Guatemala, El Salvador, Hondu-
ras, Costa Rica, Panamá, Haiti, and the Dominican Republic. The 
AHOPCA group has developed shared clinical guidelines and adop-
ted cooperative regional pediatric oncology treatment protocols to 
advance the care provided and improve the survival of children with 
cancer from these countries. Although the overall outcome of chil-
dren with cancer from the AHOPCA region has improved over time 
because of advances in local clinical capacity, improvements in su-
pportive care, and the use of adapted multicenter regional standardi-
zed clinical guidelines,1–4 there is still no uniform dependability in 
the pathologic diagnosis in this region. Some centers have excellent 
pathology diagnostic capability, whereas others still struggle with 
many constraints. Moreover, adequate histologic subclassification of 
specific tumor types, such as neuroblastoma (NB), that can impact 
risk stratification and ultimately affect treatment and outcomes is 
not always provided.

When clinicians or pathologists from the AHOPCA region are 
confronted with challenging cases, they traditionally seek out expert 
second opinion outside the AHOPCA region.5 However, in the last 
few years we have been working to uniformly improve the quality of 
the local pathology service provided in this limited-resource area.6 
We have encouraged collaboration among the AHOPCA patholo-
gy laboratories to optimize resource use and to eventually become a 
self-sufficient pathology regional network that can deliver adequate 
diagnostic support to the clinical services in the AHOPCA coun-
tries.

For many years centralized pathology review by expert patho-
logists has been successfully used as a strategy for quality assurance 
and to improve diagnostic accuracy. Therefore, we sought to perform 
a centralized retrospective pathology review of a cohort of patients 
with a diagnosis of NB and treated under a regional NB guideline 
(AHOPCANB2012) with the main objectives of: (1) examining the 
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histologic characteristics of specimens derived from this cohort of 
patients and assessing how accurate the information provided in the 
original pathology report was; (2) evaluating the usefulness of per-
forming MYCN immunohistochemistry (IHC) manually in a region 
with limited resources; (3) using NB as a model to identify the needs 
for the implementation of an independent and successful central pa-
thology review (CPR) program to serve the AHOPCA region. Such 
a CPR program can ensure the correct pathology diagnosis, provi-
de more accurate information for treatment guideline data analysis, 
and in some instances may influence the treatment selection (if per-
formed prospectively as rapid central review), with the potential to 
impact patients’ outcomes.

The risk assignment and treatment selection of patients with NB 
are significantly affected by proper morphologic classification (Mo-
dified Shimada Classification and the International Neuroblastoma 
Pathology Classification [INPC]),7,8 and by the determination of 
some biologic features, such as MYCN status.9 Thus, in addition to 
verifying the original diagnosis and its proper morphologic classifi-
cation and subclassification, we sought to investigate the feasibility 
for a CPR center in the AHOPCA region to perform any additional 
assays that are necessary for the adequate risk stratification of these 
patients with NB, such as verification of MYCN status.

Here, we describe a retrospective CPR of samples collected from 
patients diagnosed as having NB and treated according to a mul-
ticenter regional treatment guideline in countries with limited re-
sources. A subset of these patients had an external second opinion 
at the time of the initial diagnosis with known MYCN status. The 
discrepancies and similarities in the histologic evaluation between 
the original (local) diagnosis and CPR diagnosis will be emphasi-
zed. A feasibility analysis of using MYCN IHC performed by hand 
(manual) at the CPR center as a surrogate for fluorescence in situ 
hybridization (FISH) to investigate MYCN status in patients with 
NB will also be discussed.
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Materials and methods

Cohort

After approval by the Institutional Review Board from all the 
participating institutions, a retrospective search into the Pediatric 
Oncology Network Database (POND; www.pond4kids.org; acces-
sed March 31, 2020)10 was done to identify all the pediatric patients 
with a diagnosis of NB in any of the AHOPCA countries between 
2012 and 2017 who were treated according to the AHOPCA-NB2012 
guidelines. Necessary relevant clinical information, such as age at 
diagnosis and patient sex, was obtained from the POND database 
when not available in the original pathology report. We requested all 
the contributing institutions to submit to the designated CPR center 
via certified mail a copy of the original pathology report, original 
hematoxylin-eosin (H&E)–stained slide(s), and at least 1 representa-
tive formalin-fixed, paraffinembedded tissue block from all available 
specimen(s) of each patient with a diagnosis of NB. A further search 
was performed in our pathology consultation database to investigate 
if any of these cases had also been submitted to our institution for a 
second opinion.

The CPR Center and the Review Process

The Department of Pathology of the Hospital Nacional de Ni-
ños Benjamín Bloom (HNNBB) in San Salvador, El Salvador, was 
chosen to be the CPR center for this retrospective review. This is a 
well-equipped institutional anatomic pathology laboratory that has 
consistently demonstrated an overall excellent technical quality and 
has manual IHC assay available.6 The cases submitted for central 
review were first assessed by the HNNBB pathologist (A.P.), who 
selected the best provided block to be used for any additional IHC 
(including MYCN immunostain). At least 1 block per case was recut 
and stained with H&E at HNNBB. If needed, other IHC stains were 
performed to confirm or to rule out the diagnosis of NB. The final 
CPR was conducted during 7 days by 2 pathologists (a senior general 
pathologist from HNNBB with more than 20 years of experience and 
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a board-certified pediatric pathologist with expertise in pediatric 
oncology), jointly using a multihead microscope, who were blinded 
to the original diagnosis or any previous second opinion diagnosis, 
if available. When the originalH&E-stained slides were submitted 
for review, an overall quality evaluation considering fixation, pro-
cessing, quality of the tissue section, and quality of the staining was 
appraised, and the specimens were scored as being of excellent, ac-
ceptable, poor, or inadequate quality. In all confirmed NB cases, the 
Mitotic-Karyorrhectic Index (MKI) and the INPC were assigned, 
if applicable, and then MYCN immunostaining was performed. If 
more than 1 specimen was submitted from the same patient (eg, ini-
tial biopsy and posttherapy sample), at least 1 sample per patient was 
stained with MYCN IHC—always giving preference to the specimen 
that had more representative lesional tissue available.

MYCN Immunohistochemistry

Currently, the IHC menu at HHNBB includes 66 antibodies. 
MYCN antibody was not available at HNNBB before this CPR. A 
rigorous validation and optimization process using a mouse mono-
clonal MYCN antibody (clone NCM II 100, Abcam ab16898) was 
performed to determine a final optimal dilution of 1:200. A tissue 
microarray obtained from a cohort of NB cases with known MYCN 
status by FISH and protein expression level by automated IHC (10 
positive cases and 10 negative cases) were used for validation.11 All 
the steps of the manual MYCN staining performed in this study 
were done following the manual IHC protocol currently in use at 
HNNBB, as previously described.6 Nuclear positivity was interpre-
ted as evidence of MYCN protein expression; conversely, the absence 
of nuclear staining was scored as negative. For any case in which the 
positivity or lack thereof was not convincing, the specimen was cate-
gorized as having a questionable MYCN IHC result.

Data Collection and Analysis

The collected data for this study included information obtained 
from the original pathology reports and the information captured 
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during the CPR. A comparison between the initial local diagnosis, 
MKI, and INPC specified in the provided pathology report, and fi-
nal CPR diagnosis, MKI, and INPC, was done. If the MKI or INPC 
was not included in the original pathology report, it was recorded as 
information not provided.

The results of the MYCN IHC performed during the CPR in the 
confirmed NB cases were noted as positive, negative, questionable, 
or not performed. A subset of the samples had previously been sub-
mitted for a second opinion and had known MYCN gene status by 
FISH and/or MYCN protein expression level determined by auto-
mated IHC, which allowed a comparison between automated versus 
manual MYCN IHC results performed at HNNBB.

Table 1. Material Submitted for Central Pathology Review of Neu-
roblastoma by Location

City/Country Total No. (%) of 
Cases in the 

AHOPCA NB2012 
between 2012 

and 2017

Total No. (%) of 
Patients Not 

Reviewed

Total No. (%) 
of Patients  
Reviewed

Total No. (%) 
Enrolled of 
Specimens 
Reviewed

Guatemala City/
Guatemala

35 of 189 (18.5) 7 of 35 (20.0) 28 of 35 (80.0) 35 of 156 (22.4)

Managua/
Nicaragua

38 of 189 (20.1) 6 of 38 (15.8) 32 of 38 (84.2) 36 of 156 (23.1)

Panama City/
Panama

12 of 189 (6.4) 3 of 12 (25.0) 9 of 12 (75.0) 10 of 156 (6.4)

San Pedro Sula/ 
Honduras

22 of 189 (11.7) 15 of 22 (68.2) 7 of 22 (31.8) 7 of 156 (4.5)

San Salvador/
El Salvador

39 of 189 (20.6) 9 of 39 (23.1) 30 of 39 (76.9) 44 of 156 (28.2)

Santo Domingo/ 
Dominican 
Republic

29 of 189 (15.3) 16 of 29 (55.2) 13 of 29 (44.8) 17 of 156 (10.9)

Tegucigalpa/
Honduras

14 of 189 (7.4) 8 of 14 (57.1) 6 of 14 (42.9) 7 of 156 (4.5)

Total 189 of 189 (100.0) 64 of 189 (33.9) 125 of 189 (66.1) 156 of 156 (100.0)
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Results

Material Submitted for CPR 

We received and reviewed specimens from 125 of 189 patients 
treated according to the AHOPCA NB2012 guidelines between 
2012 and 2017, which represents specimens from 66.1% of the en-
tire cohort. The reasons for the exclusion of 64 cases (33.9%) were: 
insufficient material available for review, including missing both the 
block(s) and original pathology report (41 of 64; 64.1%); only the 
paraffin block(s) was unavailable (13 of 64; 20.3%); the original pa-
thology report was unobtainable (1 of 64; 1.5%); or other nonspeci-
fied reasons (9 of 64; 14.1%; Table 1). A total of 156 specimens from 
125 patients were analyzed. We reviewed a single sample from 97 
patients, 2 samples from 25 patients, and 3 distinct specimens from 
3 patients. The materials were submitted from 7 pediatric oncology 
centers from the AHOPCA region and included 460 paraffin blocks 
and 183 original H&E-stained slides. The average number of blocks 
and slides per specimen were 2.9 blocks (range, 0–21) and 1.1 slides 
(range, 0–16). Most of the specimens examined were from El Salva-
dor (44 of 156; 28.2%), Nicaragua (36 of 156; 23.1%), and Guatemala 
(35 of 156; 22.4%). The specific number of specimens, the number 
of submitted blocks, and slides for the CPR per participating centers 
are outlined in Table 2.

Clinical Characteristics and Quality of the Submitted Material

The specimens (n ¼=156) submitted for review were obtained 
from 125 patients: 53 female patients (42.4%) and 72 male patients 
(57.6%). The mean age at diagnosis was 39.8 months (ranging from 
1 month to 15.5 years), with 39 patients younger than 18 months 
(31.2%), 60 patients with age 18 months to less than 5 years (48.0%), 
and 26 patients older than 5 years (20.8%) at the time of diagnosis.

The types of procedures performed to obtain the samples were 
specified in 69.2% of the submitted pathology reports (108 of 156) 
and included 48 resection specimens (30.8%), 47 incisional biopsies 
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(30.1%), and 13 core needle biopsies (8.3%). In 48 of 156 samples, 
the type of procedure was not stated (30.8%). Information indicating 
that the patient had received preoperative chemotherapy was speci-
fied in 17.3% of the submitted pathology reports (27 of 156).

Similarities and Divergences in the Diagnosis and 
Classification of NB

After light microscopic examination, a final CPR diagnosis was 
provided for 91.1% of the submitted material (142 of 156), and 
the diagnosis of NB was confirmed in 138 specimens (138 of 156; 
88.5%). The 14 specimens in which a final definitive diagnosis could 
not be reached included: 3 specimens classified as malignant tumor 
not otherwise specified (3 of 156; 1.9%); 9 samples in which tumor 
was not seen (9 of 156; 5.8%); 1 where the material was conside-
red inadequate for morphologic evaluation (1 of 156; 0.6%); and an 
additional case in which wrong blocks and slides (with a different 
accession number from the submitted pathology report) were provi-
ded for the CPR (1 of 156; 0.6%).

Slightly more than half of the cases were classified at the CPR as 
NB, Schwannian stroma poor, and poorly differentiated (74 of 142; 
52.1%), and the second most common diagnosis was posttherapy 
NB (25 of 142; 17.6%). Fourteen specimens had a final diagnosis 
of NB, Schwannian stroma poor, undifferentiated at the CPR (14 
of 142; 9.9%)—in all of them, the diagnosis was confirmed with 
IHC (including positivity for synaptophysin). Other CPR diagno-
ses included 5 NB, Schwannian stroma poor, differentiating (5 of 
142; 3.5%), 13 ganglioneuroblastoma intermixed (13 of 142; 9.2%), 
1 ganglioneuroblastoma nodular (1 of 142; 0.7%), and 6 cases of 
NB not otherwise specified (6 of 142; 4.2%). The 4 cases in which 
the diagnosis of NB was not confirmed (4 of 142; 2.8%) included 
1 adrenal cortical neoplasm (positive for inhibin, Melan-A, and 
cytokeratin, but negative for synaptophysin and chromogranin), 
1 pelvic immature teratoma, 1 B-cell lymphoblastic lymphoma 
(CD45+, CD20+, and TdTþ, but negative for CD3 and synaptophy-
sin), and a case of myeloid sarcoma involving the frontal region 
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(CD45+, CD43+, MPO+, and CD117+, but negative for CD1a, 
cytokeratin, desmin, and synaptophysin).

The correlation between the original (local) diagnosis specified 
in the provided pathology report and the CPR is outlined in Figu-
re 1. Whereas the diagnosis of NB was confirmed in 88.5% of the 
specimens, a complete agreement between original and final CPR 
diagnosis with a proper modified Shimada subclassification was ob-
served in only 39 specimens (39 of 156; 25.0%). The similarities and 
discrepancies between the MKI and the final INPC assigned at the 
CPR, when applicable, and the MKI and INPC specified in the ori-
ginal diagnosis were also assessed and showed a much lower agree-
ment rate, with 2.5% for MKI (4 of 156) and 11.5% for the INPC (18 
of 156; Figure 2).

The 183 original H&E-stained slides received for review were 
obtained from 80 specimens. The slides were graded as excellent in 
10.0% of the specimens (8 of 80), acceptable in 58.8% (47 of 80), 
poor in 26.2% (21 of 80), and inadequate in 5.0% (4 of 80). The 
microscopic evaluation at the CPR of the remaining 76 specimens 
(48.7%) was exclusively based on slides cut and stained at HNNBB 
(no original slides were provided for review).

Table 2. Specific Number and Percent of Specimens, Blocks, and Slides 
Submitted for the Central Pathology Review per Participating Centers

City/Country No. (%) of 
Specimens 
Submitted 
for Review

No. (%) of 
Blocks 

Submitted 
for Review

Average 
No of 

Blocks 
(Range)

No. (%) of 
Original 

H&E Slides 
Submitted for 
Review No. (%)

Average 
No of H&E 

Slides 
(Range)

Guatemala 
City/
Guatemala

35 of 156 
(22.4)

48 of 460 
(10.4)

1.3 (0–6) 48 of 183 (26.2) 1.3 (0–6)

Managua/
Nicaragua

36 of 156 
(23.1)

173 of 460 
(37.6)

4.8 (1–21) 0 of 183 (0.0) 0.0 (0–0)

Panama City/
Panama

10 of 156 (6.4) 35 of 460 (7.6) 3.5 (1–21) 42 of 183 (23.0) 4.2 (2–8)

San Pedro 
Sula/Honduras

7 of 156 (4.5) 15 of 460 (3.3) 2.1 (1–8) 0 of 183 (0.0) 0.0 (0–0)
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San Salvador/ 
El Salvador

44 of 156 
(28.2)

140 of 460 
(30.5)

3.1 (1–6) 53 of 183 (29.0) 1.2 (0–16)

Santo 
Domingo/ 
Dominican 
Republic

17 of 156 
(10.9)

30 of 460 (6.5) 1.7 (0–10) 27 of 183 (14.8) 1.5 (0–4)

Tegucigalpa/
Honduras

7 of 156 (4.5) 19 of 460 (4.1) 2.7 (1–5) 13 of 183 (7.0) 1.8 (0–7)

Total 156 of 156 
(100.0)

460 of 460 
(100.0)

2.9 (0–21) 183 of 183 (100.0) 1.1 (0–16)

Abbreviation: H&E, hematoxylin-eosin staining.

Figure 1. Multinational retrospective central pathology review of 
neuroblastoma. Correla- tion between original diagnosis and central 
pathology review diagnosis. Green area, agreement between original 
diagnosis and central review diagnosis (n 39 of 156; 25%). *Wrong 
material submitted for review. †Original diagnoses of ‘‘not neuro-
blastoma’’: Ewing sarcoma, clear cell sarcoma of kidney, primitive 
neuroectodermal tumor, adrenal cortical tumor, immature teratoma, 
ganglio- blastoma, and Wilms tumor; ‡Central review diagnoses of 
‘‘not neuroblastoma’’: adrenal cortical tumor, immature teratoma, 
B-cell lymphoblastic lymphoma, and myeloid sarcoma. Abbrevia-
tions: GNB, ganglioneuroblasto- ma; NB, neuroblastoma; NOS, not 
otherwise specified; SSP, Schwannian stroma poor.
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Figure 2. A, Multinational retrospective central pathology review of 
neuroblastoma. Correlation between original and central patholo-
gy review Mitotic-Karyorrhectic Index (MKI): high MKI, >200 per 
5000 cells; >4%; intermediate MKI, 100–200 per 5000 cells; 2%–4%; 
low MKI,<100 per 5000 cells;<2%. Green area, agreement between 
original MKI and central review MKI (n¼ 4 of 156; 2.56%). *Re-
asons why original pathologist could not determine MKI: because 
the ‘‘neoplasia is very undifferentiated.’’ **Reasons why the central 
review could not determine MKI: not sufficient material, crushing 
artifacts, bone marrow sample. †Reasons why MKI was not applica-
ble by central review: ganglioneuroblastoma, bone marrow samples, 
postchemotherapy samples, not NB. ±Original diagnosis others: mi-
totic index specified in a different manner other than the traditional 
MKI, such as ‘‘10/10 mitoses per HPF, MKI >100, MKI 2/10 HPF, 
MKI 3/10 HPF,’’ among others. B, Correlation between the original 
and central pathology review INPC. Green area indicates agreement 
between original INPC and central review INPC (n ¼ 18 of 156; 
11.54%). *Reasons why central review could not determine INPC: 
because of insufficient material, MKI could not be assessed, or su-
boptimal sample. +Reasons why INPC was considered not applicable 
by central review: because of secondary to chemotherapy, not NB, no 
tumor seen, secondary or tertiary NB sample. Abbreviations: HPF, 
high-power field; INPC, International Neuroblastoma Pathology 
Classification; NB, neuroblastoma.
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Figure 3. MYCN immunohistochemistry (IHC) staining. A, Results 
of the manual MYCN IHC performed at the central pathology re-
view (CPR). B, Correlation between manual MYCN IHC, automated 
MYCN IHC, and fluorescence in situ hybridization targeting the 
MYCN gene among 32 neuroblastoma samples. Abbreviations; FISH, 
fluorescence in situ hybridization; NB, neuroblastoma; NOS, not 
otherwise specified.

MYCN Protein Expression by Manual IHC and Its Correlation 
With Automated IHC and FISH

Manual MYCN IHC stain was performed at HNNBB in 120 NB 
specimens from 109 patients (Figure 3, A). Positive nuclear MYCN 
protein expression was observed in 28 specimens (from 28 patients 
of 109; 25.7%), and no evidence of MYCN staining was noted in 79 
specimens (from 71 patients of 109; 65.1%). In 13 specimens from 10 
cases (10 of 109; 9.2%), the MYCN staining was read as questionable. 
A total of 11 of 13 questionable manual MYCN IHC results were 
later repeated with an automated staining procedure, and the results 
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were compared. A total of 9 samples were rescored as negative (9 of 
13; 69.2%), and 2 cases showed focal but unequivocal positivity (2 of 
13; 15.4%). In the remaining 2 questionable cases (2 of 13; 15.4%), a 
repeated automated MYCN staining could not be performed becau-
se no more tissue was available in the blocks.

Specimens from a subset of this cohort (from 32 patients) had 
been previously submitted for pathology second opinion. The 
MYCN gene status by FISH was available from 26 patients, and auto-
mated MYCN IHC stain results were available for comparison from 
31 of 32 cases. A parallel evaluation of the results from the 3 dis-
tinct assays is presented in Figure 3, B. For instance, all 7 cases that 
had MYCN gene amplification previously detected by FISH showed 
positive MYCN protein expression by both manual and automated 
IHC. Conversely, an additional 8 cases displayed concordant results 
with negative FISH, and negative manual and automated IHC. Five 
cases in which FISH study was not initially performed during the 
previous pathology second opinion consult showed similar results 
between the automated and manual IHC. Six cases had questionable 
manual MYCN IHC results, but when performed using an IHC au-
tomated stainer, there was no evidence of MYCN protein expression 
(negative). Examples of positive, negative, and questionable MYCN 
by IHC in NB cases during the CPR are presented in Figure 4.

Figure 4. Examples of MYCN immunohistochemistry performed in 
neuroblastomas during the central pathology review. Positive MYCN 
result (manual staining procedure) with distinct diffuse and strong 
nuclear positivity (A); negative MYCN result (manual staining pro-
cedure) with mild background staining (1 ) (B); Questionable MYCN 
result (manual staining procedure) with mild background staining (1 
) and equivocal weak nuclear positivity (C); same case as shown in C, 
MYCN staining performed with an automated stainer interpreted as 
negative, 200X (D) (original magnification 3200)
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Significant Challenges Faced During the Central Review 
Process

Even though a border control agreement between El Salvador, 
Guatemala, Honduras, and Nicaragua (Central America-4) has been 
in effect since 2006, we unfortunately still encountered a conside-
rable delay in clearing customs within the AHOPCA region. Other 
challenges faced during this CPR were suboptimal packaging of the 
submitted material, resulting in broken slides and melted paraffin 
blocks, problems with the identification of some of the samples sub-
mitted, such as unclear labeling, and issues with the original patho-
logy report, including discordant date of birth and age for the pa-
tient. Delay with the delivery of reagents at the CPR center by the 
vendors (eg, delivery of the MYCN antibody) occurred, which not 
only impacted the projected timeline of this review but also empha-
sized the everyday challenges that some areas of the world (in par-
ticular countries with limited resources) need to endure in dealing 
with setbacks in receiving reagents and necessary supplies.
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Discussion

The practice of performing a CPR for patients enrolled in a mul-
ticenter protocol or clinical trial is a well-established procedure and 
usually includes standardization of the pathologic evaluation. This 
approach proved to be very influential in the improvements of treat-
ment regimens, inparticular for the treatment of oncologic patients. 
Some examples in the field of pediatric oncology of very impactful 
CPR have been demonstrated by the Children’s Oncology Group and 
the International Society of Pediatric Oncology.12–14 Teot et al15 
from the Children’s Oncology Group examined the past and present 
use of the CPR in pediatric oncology and emphasized its efficacy and 
highlighted the applicability of a rapid (prospective) central review. 
The authors also pointed out the effect that discrepancies between 
the original diagnosis and the final CPR diagnosis could cause by 
bringing up concerns regarding the appropriateness of the actions 
taken before the retrospective pathology review. On the other hand, 
the usefulness of a retrospective CPR as an assessment tool to investi-
gate the accuracy of the diagnosis and adequacy of the data provided 
in the pathology report as a quality metric is seemingly convincing.

In the context of the AHOPCA region, a CPR appeared very be-
neficial and in line with our goal of uniform regional pathology de-
velopment. Hence, in this retrospective CPR of 156 specimens from 
125 patients with a diagnosis of NB and treated under the same 
NB2012-AHOPCA guidelines, the original diagnosis of NB was con-
firmed in 88.5% of the specimens (138 of 156). However, an agreement 
between the original and revised histologic subclassification of the NB 
was noted in only 25.0% of the specimens (39 of 156). The most com-
mon reasons for this discrepancy were the lack of morphologic subclas-
sification—33 specimens were initially signed out as NB but without 
further specification or subclassification (not otherwise specified)—
when in fact they should have been classified as NB, Schwannian stro-
ma poor, poorly differentiated (33 of 156, 21.2%). Another important 
reason for the discrepancy was the inappropriate subclassification of 
postchemotherapy NB specimens (21 specimens) when the postthe-
rapy status precludes a histologic subclassification (21 of 156; 13.5%).
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The age-associated histologic classification of NB combines the 
amount of Schwannian stroma content, degree of neuroblastic diffe-
rentiation, and MKI, and in the end leads to the subcategorization 
in a favorable or unfavorable histopathology subgroup. It is apparent 
in this CPR that this subclassification is not consistently applied by 
the AHOPCA pathologists, even though it was implemented about 
20 years ago.7 In fact, an agreement between the assigned MKI was 
observed in only 4 of 156 specimens (2.5%), and the initially given 
INPC and final CPR INPC were similar in only 18 specimens (18 of 
156; 11.5%). In 127 specimens INPC was not specified in the origi-
nal pathology report, but after CPR, 48 patients were categorized as 
having unfavorable histology and 28 patients classified with favora-
ble histopathology. The other 51 cases remained without an assigned 
INPC. Indeed, it was not applicable in 42 samples, and it could not 
be determined in 9 specimens. The INPC category in NB is used to 
help determine the risk grouping of these patients and guide treat-
ment selection. Therefore, not only is the exact diagnosis important, 
but providing adequate histologic subclassification and the INPC are 
also essential for the correct treatment of a patient with NB.

The second objective of this study was to implement manual 
MYCN IHC at HNNBB and evaluate its reliability compared with 
automated IHC and/or FISH assay to determine the MYCN status of 
patients with NB. The benchmark method to determine the MYCN 
status in patients with NB is FISH. We have previously demonstrated 
that automated IHC has a 91.66% sensitivity and 96.29% specifici-
ty compared with MYCN FISH in a pilot study of 78 patients.11 In 
this present study, manual MYCN IHC was performed in 120 spe-
cimens, with a definitive result in 89.2% (107 specimens), including 
28 that showed bona fide evidence of MYCN protein expression (28 
of 120; 23.3%) and 79 specimens (65.8%) with negative MYCN IHC. 
However, unlike when using the automated IHC stainer, there was 
a subset of the cases (10.8%) in which the interpretation of the IHC 
slide was equivocal—likely due to the background staining, which 
led to a questionable result (13 of 120 specimens). When repeated 
with an automated staining procedure, 11 of 13 questionable manual 
MYC IHC results showed negative IHC in 9 of them (9 of 13; 62%), 
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and 2 cases showed focal positivity (15.4%, 2 of 13). It is always our 
recommendation to reflex any questionable IHC result (manual or 
automated) to FISH testing.

Only a small number of cases in this cohort had FISH and/or au-
tomated IHC results previously done and available for comparison. 
However, the correlation between the 3 assays was very promising. 
For instance, all of the cases with the MYCN gene amplified by FISH 
exhibited evidence of protein expression by both automated and ma-
nual IHC. A single specimen classified as unfavorable histology that 
was previously reviewed and had MYCN gene not amplified, and 
negative automated IHC was interpreted as positive for protein ex-
pression by manual IHC. Another previously reviewed case, a post-
therapy neuroblastoma specimen, showed questionable manual IHC 
results, but when stained by automated stainer, it was interpreted as 
positive for MYCN protein overexpression (FISH study was not pre-
viously performed in this case; Figure 3, B). The relatively low per-
centage of questionable results (10.8%) is very encouraging and can 
drastically decrease the number of cases that would require reflex to 
FISH and consequently would reduce the expenses in settings with 
limited resources. Moreover, centralizing the implementation of an 
MYCN IHC assay in a single center that could attend to the entire 
AHOPCA region seems to be not only an excellent cost-saving stra-
tegy but also important for capacity building and empowerment for 
this limited-resource region. In many low-income countries, such 
as those in the AHOPCA region, most of the pathologists are ge-
neralists and lack subspecialty training. The retrospective pathology 
review process itself provides an excellent opportunity for capaci-
ty building and the creation of regional expertise. For instance, the 
HNNBB had 39 patients with a diagnosis of NB between 2012 and 
2017, which gives an average of 7.8 cases per year. During the 1 week 
of centralized review, the pathologist from HNNBB (A.P.) was expo-
sed and able to jointly review 156 specimens, which would represent 
the number of NBs this pathologist would typically examine from 
HNNBB in 20 years. However, to ensure that a retrospective review 
can be a valuable setting for training, a prospective phase of diagnos-
tic capability verification will need to take place.
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A retrospective pathology review process involving multiple 
centers, in particular from different countries, is not exempt from its 
challenges, in particular in areas with limited resources. The cost of 
submitting samples by mail, as well as the time for clearing customs, 
needs to be carefully considered. The use of digital pathology may 
be a potential solution to minimize these issues,16,17 although the 
upfront investment necessary to acquire slide scanners, for example, 
would also need to be taken into consideration. A consistently hi-
gh-quality H&E slide is also required before we contemplate the use 
of digital pathology. In that regard, unfortunately, 31.3% (25 of 80) of 
the original H&E-stained slides submitted for review still demons-
trated poor or inadequate quality. Actions to consistently improve 
fixation, processing, the quality of the sectioning, and the quality of 
the staining in all anatomic pathology laboratories of the AHOPCA 
region have been our primordial goal. However, this study shows 
that we still have room for improvement. Another fundamental is-
sue revealed by this retrospective pathology review was the lack of 
well-organized storage of pathology material in the AHOPCA labo-
ratories, leading to missing paraffin blocks or unavailable pathology 
report(s).

Taken together, the results observed in this retrospective multi-
center review of NB specimens highlight the need for the implemen-
tation of a CPR program to serve underserved regions. A CPR center 
would ensure that the correct pathology diagnosis is provided—in-
cluding all the necessary subclassification to guide the treatment se-
lection of patients with NB. Our next step is to initiate a prospective 
rapid review of all the NB cases from the AHOPCA region and to 
provide manual MYCN IHC to all confirmed NB cases, reflexing to 
FISH assay any questionable result; however, the use of a strict quali-
ty assurance program to validate the performance of the regional pa-
thology referral center would be needed. This approach will further 
promote regional collaboration, improve test utilization, and ultima-
tely impact the outcome of pediatric patients in this limited-resour-
ce region. A similar strategy of implementing a regional pathology 
referral center can be considered by other areas of the world where 
pathology expertise and resources are also limited.
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The cost of performing a pathology review at a regional CPR 
center consists of consumables, reagents, personnel (eg, pathologists 
and technologists), and shipment fees. Whereas the initial operation 
of a CPR program can be achieved with the aid of external grants, the 
involvement of local government bodies and other regional spon-
sors is fundamental to the maintenance of such initiative in the long 
term. The main concept necessary to perpetuate this type of colla-
borative work is to make the key regional stakeholders comprehend 
that the cash invested in having an accurate diagnosis and correctly 
risk stratifying these patients will have the potential to impact pa-
tients’ outcomes and, ultimately, represent savings by not spending 
money treating a patient based on a wrong diagnosis.
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