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ABSTRACT

BACKGROUND AND PURPOSE: Selumetinib is a promising MAP (mitogen-activated protein) kinase (MEK) 1/2 inhibitor treatment for
pediatric low-grade gliomas. We hypothesized that MR imaging–derived ADC histogram metrics would be associated with survival
and response to treatment with selumetinib.

MATERIALS AND METHODS: Children with recurrent, refractory, or progressive pediatric low-grade gliomas who had World Health
Organization grade I pilocytic astrocytoma with KIAA1549–BRAF fusion or the BRAF V600E mutation (stratum 1), neurofibromatosis
type 1–associated pediatric low-grade gliomas (stratum 3), or sporadic non-neurofibromatosis type 1 optic pathway and hypothala-
mic glioma (OPHG) (stratum 4) were treated with selumetinib for up to 2 years. Quantitative ADC histogram metrics were analyzed
for total and enhancing tumor volumes at baseline and during treatment.

RESULTS: Each stratum comprised 25 patients. Stratum 1 responders showed lower values of SD of baseline ADC_total as well as a larger
decrease with time on treatment in ADC_total mean, mode, and median compared with nonresponders. Stratum 3 responders showed a
greater longitudinal decrease in ADC_total. In stratum 4, higher baseline ADC_total skewness and kurtosis were associated with shorter pro-
gression-free survival. When all 3 strata were combined, responders showed a greater decrease with time in ADC_total mode and median.
Compared with sporadic OPHG, neurofibromatosis type 1–associated OPHG had lower values of ADC_total mean, mode, and median as
well as ADC_enhancement mean and median and higher values of ADC_total skewness and kurtosis at baseline. The longitudinal decrease in
ADC_total median during treatment was significantly greater in sporadic OPHG compared with neurofibromatosis type 1–associated OPHG.

CONCLUSIONS: ADC histogram metrics are associated with progression-free survival and response to treatment with selumetinib
in pediatric low-grade gliomas.

ABBREVIATIONS: MEK ¼ MAP (mitogen-activated protein) kinase; NF1 ¼ neurofibromatosis type 1; OPHG ¼ optic pathway and hypothalamic glioma; PBTC ¼
Pediatric Brain Tumor Consortium; PFS ¼ progression-free survival; pLGG ¼ pediatric low-grade glioma; WHO ¼ World Health Organization

Pediatric low-grade gliomas (pLGGs) are the most commonly
occurring childhood brain tumor and comprise 40%–50%

of all childhood CNS tumors.1,2 World Health Organization

(WHO) grade I pilocytic astrocytoma is the most frequent pri-
mary brain tumor in individuals 0–19 years of age, accounting for
15% of children’s and adolescents’ (0–19 years) and 17.8% of
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primary childhood (0–14 years) brain tumors.1 pLGGs are bio-
logically distinct from their adult counterparts.3 Unlike adult
low-grade gliomas that occur mostly in the cerebral hemispheres
and transform into higher-grade gliomas, pLGGs can occur
throughout the central nervous system, are molecularly distinct,
rarely undergo malignant transformation,3,4 and require different
therapies.

Total surgical resection is the first-line of treatment for pLGGs
and can be curative.2 However, this is not always feasible due to tu-
mor location, particularly in the brain stem or optic pathway and
hypothalamic gliomas (OPHGs), and other therapies are required.
Radiation therapy can be effective but may cause considerable neu-
rocognitive deficits in young children and may increase the risk of
developing a secondary malignancy, particularly in children with
neurofibromatosis type 1 (NF1).5 Several chemotherapy regimens
have shown promise in pLGGs, with 5-year progression-free sur-
vival (PFS) and overall survival rates of 35%–45% and 85%–100%,
respectively, in sporadic pLGG and 5-year 60%–70% PFS and
90%–100% overall survival rates in NF1-associated pLGG.6

Selumetinib is a potent orally available MAP (mitogen-activated
protein) kinase (MEK) 1/2 inhibitor that has recently shown great
efficacy in refractory, recurrent, and progressive pLGGs.7,8 We
explored the associations of advanced diffusion MR imaging met-
rics with response and survival in pLGGs treated with selumetinib
in a large prospective Phase II Pediatric Brain Tumor Consortium
(PBTC) trial, PBTC029B.

MATERIALS AND METHODS
Subjects
This was a multicenter, National Cancer Institute–sponsored
Phase II study conducted by the PBTC using the MEK 1/2 inhibi-
tor selumetinib in patients with pediatric low-grade gliomas
treated at 11 PBTC member hospitals.8,9 Patients 3–21 years of
age with a Lansky/Karnofsky Performance Status score of .60
and the presence of recurrent, refractory, or progressive pediatric
low-grade glioma after at least 1 standard therapy, including
chemotherapy and radiation therapy, were eligible for inclusion.
Patients were assigned to 6 unique strata according to histology,
tumor location, NF1 status, and BRAF aberration status.8,9

Clinical analyses of strata 1, 3, and 4 have been completed,8,9 and
the imaging data were used in this study. Stratum 1 comprised
patients with WHO grade I pilocytic astrocytoma with either
KIAA1549-BRAF fusion or the BRAF V600E (Val600Glu) muta-
tion. Stratum 3 comprised patients with imaging- or biopsy-
proved pLGGs and a clinical or genetic diagnosis of NF1. Stratum
4 comprised OPHG pLGGs not associated with NF1.

Selumetinib was provided as capsules given orally at a dose of
25mg/m2 twice daily in 28-day courses for up to 26 courses. The
primary end point was the proportion of patients with a stratum-
specific objective response (partial response or complete
response), as assessed by the local site and sustained for at least
8weeks. All responses were confirmed by central review.8,9

The protocol was approved by the Cancer Therapy Evaluation
Program (CTEP) as well as each site’s institutional review board.
All patients or legal guardians provided written, informed con-
sent when applicable based on institutional guidelines.

Imaging and Image Analysis
Standard MR Imaging Evaluation. Standard MR imaging, which
included T2-FLAIR and axial pre- and postcontrast T1-weighted
images, as well as DTI, was performed primarily on 3T scanners
at the start of treatment followed by every 2months during the
first year of therapy and then every 3months thereafter.
Additionally, high-resolution MR imaging of the orbits and optic
pathway was performed for optic pathway tumors.

Patients whose tumors achieved an MR imaging response
(complete or partial response) assessed locally underwent central
radiographic review at the PBTC Neuroimaging Center. A com-
plete response was defined as complete tumor disappearance on
T2-FLAIR images, no new lesions, and disappearance of all
enhancement on T1 postcontrast imaging. A partial response was
defined as at least 50% tumor reduction (in a 2D area calculated as
a product of 2 perpendicular linear measurements) on T2-FLAIR.
Stable disease was defined as neither a sufficient increase nor a
reduction to qualify as a partial response or progressive disease.
Progressive disease was a .25% increase or the development of
new lesions. These response criteria, while similar to the latest
Response Assessment in Pediatric Neuro-Oncology recommenda-
tions,10 were developed earlier by a PBTC consensus panel and
used both for local and central imaging response assessments.

DTI Acquisition and ADC Histogram Analysis. DTI data were
acquired with the following acquisition parameters on a 3T scanner:
section thickness = 2.2mm, TR = 8800ms, TE = 88ms, FOV =
220mm, b-value = 1000 s/mm2, 35 directions. By means of the mu-
tual information algorithm in FSL (http://www.fmrib.ox.ac.uk/
fsl),11 ADC and postcontrast T1 volumes were registered to FLAIR
volume as described previously.12 3D ROIs comprising the total tu-
mor volume from the FLAIR images and the enhancing tumor vol-
ume from postcontrast T1 were automatically generated using the
thresholding feature in Fiji (https://fiji.sc),13 and the corresponding
ADC was used to generate the ADC_total and ADC_enhancement
volumes, respectively. These volumes were thresholded using a uni-
form range of 600–2600 � 10�6 mm2/s to automatically exclude
cysts, necrosis, and hemorrhage; corresponding ADC_total and
ADC_enhancement histograms were generated.12

Histogram metrics used for statistical analysis were the mean,
SD, mode, median, skewness, and kurtosis of these histograms at
baseline and 6, 12, 18, and 24months into treatment and also at
progression. In studies with multiple lesions, the primary target
lesion was evaluated for all analyses.

For each of the imaging metrics, the baseline value and the
time-dependent longitudinal change in the metrics during the
course of treatment were examined for associations with tumor
volume, response, and PFS.

Statistical Methods
The Wilcoxon rank-sum test was used to test the differences in
ADC parameters at baseline between 2 groups. Subjects with at
least 1 follow-up MR imaging after baseline were eligible for
time-dependent longitudinal analyses. Tumor volumes were cor-
related within the patients because the measures were longitudi-
nal. The mixed model was used to investigate the correlation
between tumor volume and ADC metrics, taking intrapatient
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correlation into account. Mixed-effects models were used to esti-
mate trends across time in the ADC parameters as well as differen-
ces in longitudinal changes between groups. Cox models were used
to investigate the association between PFS and ADC parameters at
baseline as well as with time. The latter incorporated time-depend-
ent ADC parameters. Q values were calculated within each stratum
for PFS and response-based analyses separately to adjust for multi-
plicity via the false discovery rate if.1 parameter was significant.14

A q-value of 10% (0.1) was considered significant. Similarly, q-val-
ues were also used for cross-strata comparisons.

RESULTS
Stratum 1
Twenty-five patients (mean age at study entry, 9.2 years; range,
3.9–20.8 years; 12 males and 13 females) with WHO grade I pilo-
cytic astrocytoma with either 1 of the 2 most common BRAF aber-
rations (KIAA1549–BRAF fusion or the BRAF V600E [Val600Glu]
mutation) were enrolled. Eighteen of these had a KIAA1549–BRAF
fusion, and the remaining 7 had the BRAFV 600E mutation. Nine
patients showed sustained partial response, 9 had stable disease,
and 7 showed progressive disease. Two-year PFS in stratum 1 was
70%. These results were reported previously.8

None of the baseline ADC_total histogram parameters were
associated with PFS. Only the SD of ADC_total at baseline was

significantly associated with response
(P= .009, q=0.04), with responders
showing lower values than nonres-
ponders. The best response achieved
was used in all analyses. There were
significant associations of response
with longitudinal change across time
on treatment in the ADC_total mean
(P= .02, q = 0.05), ADC_total mode
(P= .02, q=0.07), and ADC_total me-
dian (P= .03, q=0.1), with responders
showing a larger decrease in these pa-
rameters across time than nonres-
ponders. Five of the 8 responders
showed a transient increase in ADC
followed by a decrease by 24months
as seen in Fig 1. Of the 21 enhancing
tumors in stratum 1, sixteen were eli-
gible for longitudinal analysis and 8 of
these showed a response to selumeti-
nib. None of the histogram metrics of
ADC_enhancement were associated
with a response in the longitudinal
analyses.

No group differences were found
in ADC histogram metrics between
the BRAF fusion and the BRAF muta-
tion groups either at baseline or in the
longitudinal analysis.

Stratum 3
Twenty-five patients (mean age at

study entry, 10.2 years; range, 3.5–16.6 years; 15 males and 10
females) with any NF1-associated pediatric low-grade glioma
(WHO grades I and II) were enrolled in stratum 3. Nine patients
showed sustained partial response, 15 had stable disease, and 1
showed progressive disease. The 2-year PFS in stratum 3 was
96%. These results were reported previously.8

None of the baseline ADC histogram metrics were associated
with response or PFS. Longitudinal change with time on treatment
of ADC_total mode was significantly associated with response
(P= .03, q=0.07), with responders showing a greater decrease
across time than nonresponders. Five of 10 responders showed a
transient increase in the ADC followed by a decrease by 24months.

Stratum 4
Twenty-five patients (mean age at study entry, 9.4 years; range,
3.7–17.6 years; 12 males and 13 females) with sporadic non-NF1
pediatric optic pathway and hypothalamic low-grade gliomas
(WHO grades I and II) were enrolled in stratum 4. Six patients
showed sustained partial response, 14 had stable disease, and 5
showed progressive disease. The 2-year PFS in stratum 4 was
73.8% (SD 9.3%) as reported previously.9

At baseline, there were statistically significant associations of
ADC_total skewness (P= .02, q=0.06) and ADC_total kurtosis
(P= .02, q=0.06) with PFS in stratum 4. Patients in stratum 4
with higher baseline skewness or kurtosis of ADC_total had

FIG 1. The decrease at 24months in the mean, median, and mode of ADC_total with treatment
in a 6-year-old boy with a WHO grade I glioma with a BRAF aberration who responded to selume-
tinib. The initial transient increase in these metrics seen here was observed in 5 of the 8 respond-
ers in stratum 1 and is possibly linked to increased water mobility due to early cell death,
followed by tissue consolidation later in treatment. Tx indicates treatment.
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shorter PFS (Online Supplemental Data). None of the longitudi-
nal ADC_total histogram metrics were associated with response
or PFS. Of the 23 enhancing tumors in stratum 4, twenty were eli-
gible for longitudinal analysis with only 4 responders in this
group. While the entire cohort showed a decrease with time in
ADC_enhancement mean (P= .02, q=0.05), mode (P= .01,
q=0.04), and median (P= .008, q=0.02), there was no difference
between responders and nonresponders.

Combined Strata
None of the baseline ADC histogram metrics were associated with
response or PFS when all strata were combined (n=75). Response
was still significantly associated with longitudinal change with time
in treatment for ADC_total mode (P= .02, q=0.06) and
ADC_total median (P= .03, q=0.09). A greater decrease in these
metrics was found in patients showing a response to the study
drug. Of the 64 enhancing tumors in the combined strata, 48 were
eligible for longitudinal analysis, with 19 responders. The entire
cohort showed a decrease with time for the mean (P= .01,
q=0.04), mode (P= .009, q=0.03), and median (P= .009, q=0.03)
of ADC_enhancement in the longitudinal analysis, but there was
no difference between responders and nonresponders. There were
no group differences in ADC histogram metrics of tumors that
progressed and those that showed no progression in the 24-month
study period. Total tumor volume was found to be negatively asso-
ciated with the SD of ADC_total (P= .008).

Optic Pathway and Hypothalamic Glioma: NF1 versus
Sporadic
Twenty-five subjects with sporadic OPHGs in stratum 4 were
compared with the cohort with 15 NF1-associated low-grade

OPHGs from stratum 3. No difference
was found in PFS between the 2
groups.9 Enhancing tumor volume
and cyst volume at baseline were both
significantly lower in the NF1-associ-
ated OPHG in stratum 3 compared
with stratum 4 (P, .001), while there
was no difference in FLAIR tumor vol-
ume between the groups.

Significant differences between
the groups were found in baseline
values of ADC_total mean (P= .005,
q= 0.01), mode (P= .005, q = 0.01),
median (P= .002, q= 0.003), skew-
ness (P, .001, q, 0.001), and kurto-
sis (P= .01, q= 0.02). The sporadic
stratum 4 cohort had higher values of
ADC_total mean, mode, and median
and lower values of skewness and kur-
tosis. Similarly, ADC_enhancement
showed higher values in sporadic
OPHG for mean (P= .045, q=0.09)
and median (P= .04, q=0.09) com-
pared with NF1-associated OPHG. In
the longitudinal analysis of change
with time on treatment, the ADC_total

median decreased significantly more in the sporadic cohort in stra-
tum 4 compared with NF1-associated stratum 3 OPHG (P= .02,
q=0.06) as shown in Fig 2, with the ADC_total mean similarly
approaching significance (P= .04, q=0.11).

DISCUSSION
The past decade has seen an explosion of molecular data showing
that most pLGGs upregulate the RAS–mitogen-activated protein
kinase pathway,15,16 most commonly including BRAF fusion or
mutation of the BRAF gene17,18 and NF1 mutation.16 More than
80% of pilocytic astrocytomas have gene alterations in some com-
ponent of the MEK signaling pathway;3 therefore, several thera-
pies have been developed to target this pathway. BRAF resistance
and tumor progression have been reported in some therapies
such as sorafenib targeting non-V600e aberrations,19,20 leading to
therapies targeting downstream pathway components like MEK.
Selumetinib is one such potent orally available MEK 1/2 inhibitor
that has shown promise in pLGG.7-9

Pilocytic astrocytoma is the most frequent primary brain tu-
mor in children and can occur anywhere in the central nervous
system, with the most common locations being the cerebellum
(40%), followed by supratentorial locations (35%), the optic path-
way and hypothalamus (11%), and the brain stem (9%).21

Histopathologically, pilocytic astrocytoma is a tumor of low-to-
moderate cellularity with compact, densely fibrillated areas rich
in Rosenthal fibers, as well as spongy loosely textured areas com-
posed of multipolar cells that have varying degrees of mucoid
background material, often with microcysts.22 Most OPHGs,
including those associated with NF1, are pilocytic astrocytomas.23

The pathology of these tumors makes it highly likely that the

FIG 2. The longitudinal trend of median ADC of the total tumor volumes for the cohort of 25
sporadic non-NF1 OPHGs from stratum 4 shown in red, compared with the 15 NF1-associated
OPHGs shown in blue. Mixed-effects models were used to estimate trends with time in ADC pa-
rameters as well as differences in longitudinal changes between groups. Sporadic OPHG values
are higher at baseline (P = .002, q = 0.003) and show a greater decrease with time (P = .02, q = 0.06)
compared with NF1-associated OPHG.
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extracellular matrix is an important contributor to the ADC of
these tumors.

ADC maps derived from diffusion-weighted images measure
the diffusivity of water molecules in tissue. In the context of brain
tumors, ADC is influenced by tumor cellularity and the extracel-
lular matrix, as well as the presence of edema, cystic components,
and necrosis. Several studies have reported an inverse relation-
ship between ADC and cellularity in a variety of pediatric brain
tumors.24,25 As cellularity increases, there is less extracellular
space for water diffusion, leading to a lower ADC. Jost et al26

examined the ADC in a cohort of 14 NF1-associated OPHGs and
13 sporadic OPHGs and found that ADC was not associated with
either NF1 status or clinical aggressiveness. Yeom et al,27 how-
ever, found that in a retrospective study of a cohort of 5 patients
with NF1 and 7 with sporadic pediatric OPHG, a higher baseline
ADC was predictive of tumor progression and that ADC then
declined following subsequent chemotherapy with a standard
combination of carboplatin and vincristine. Similarly, Hsu et al28

reported that the ADC declined during the response to bevacizu-
mab in a cohort of 8 patients with progressive pLGG. Whereas all
the above studies used the mean ADC of the tumor volume, we
used ADC histogram analyses to better characterize the ADC dis-
tribution in the tumors.

ADC histograms derived from the ADC of all voxels in a tu-
mor volume are particularly well-suited to characterize the diffu-
sion properties of the entire tumor volume in brain tumors and
have been used to differentiate pediatric brain tumors by histo-
logic type29 and tumor grade.30 ADC histogram parameters have
also been associated with molecular subtype31 and response to
therapy12,32 in diffuse intrinsic pontine gliomas in children.
Herein, we report the use of ADC histogram metrics to identify
prognosis and response criteria in refractory, recurrent, or pro-
gressive pLGGs treated with selumetinib.

Pilocytic astrocytomas in stratum 1 that responded to selume-
tinib had a smaller SD of baseline ADC_total, suggesting that
more homogeneous tumors responded better. In addition, the
mean, median, and mode of ADC_total all decreased more dur-
ing the course of treatment for responders compared with non-
responders. This decrease is similar to that found by Hsu et al28

in a small sample of recurrent or progressive pLGGs treated with
bevacizumab. The transient increase in these ADC metrics seen
in the first few months of treatment is possibly due to increased
water mobility due to cell death, followed by tissue consolidation
leading to a stable decrease in these values. Patients in stratum 1
with tumors that had the KIAA1549-BRAF fusion had a longer
PFS than those with the BRAF V600E mutation, but there was no
difference in the response rate between the groups.8 However,
our analyses of ADC histogram metrics showed no difference
between the BRAF fusion and BRAF mutation either at baseline
or across time, possibly due to small sample size.

NF-1 associated pLGG in stratum 3 showed no association
between baseline ADC histogram metrics and either PFS or over-
all survival. ADC_total mode decreased more with time during
therapy in responders in stratum 3, similar to our findings in stra-
tum 1.

Among the patients with sporadic OPHGs in stratum 4,
higher baseline skewness and kurtosis of ADC_total were

associated with shorter PFS, a finding similar to those in previous
reports in pediatric diffuse intrinsic pontine glioma (DIPG).12

Higher skewness and kurtosis signify more homogeneous tumors
with lower ADC and are usually associated with higher cellularity
in high-grade tumors, but in these low-grade OPHGs, they may
be indicative of a lower fraction of extracellular matrix.
Longitudinal ADC_total histogram metrics were not associated
with response or PFS.

When data from all 3 strata were combined, there were no
associations between baseline ADC histogram metrics, and PFS or
response, suggesting that strata-specific analyses may be more use-
ful. In a study of newly diagnosed OPHGs treated with carboplatin
and vincristine, Yeom et al27 found that tumors with a higher base-
line mean had a shorter PFS. Our study comprised previously
treated pLGGs not limited to OPHGs, which may explain why we
found no baseline associations. However, a greater longitudinal
decrease in mode and median ADC_total with time in treatment
was seen in responders, similar to our findings in the individual
strata. Tumors with smaller total tumor volume were found to
have a higher SD of ADC_total, probably due to the higher pro-
portion of cells on the tumor periphery in smaller tumors.

When the longitudinal trends in the individual and combined
strata are considered as a whole, a consistent overall picture
emerges, suggesting that a steeper drop in ADC_total values dur-
ing treatment with selumetinib occurs in patients who respond to
selumetinib. This finding confirms earlier reports in the literature
from Yeom et al27 and Hsu et al,28 who saw similar trends in
smaller samples of patients with pLGGs undergoing chemother-
apy. This suggests that monitoring ADC during the course of
treatment may provide some clinical value in assessing the
response in pLGGs. A lower ADC has long been shown to be in-
dicative of higher cellularity,33 and an increase in ADC has been
shown to be a biomarker of cell death in response to treatment in
high-grade gliomas in adults.34 Our longitudinal results linking a
decrease in ADC with response is not consistent with the oppo-
site behavior in high-grade gliomas because these are low-grade
gliomas with a more extensive extracellular matrix. Tumor
response with selumetinib in pLGGs may be the result of a
decrease in extracellular space,27,35 leading to the decrease in
ADC seen in responders in our study. The impressive response to
selumetinib reported recently in plexiform neurofibromas,36

which are known to have high extracellular matrix content,37

may also be due to changes in the extracellular matrix.
Patients with OPHGs associated with NF1 are known to have

longer PFS compared with those with sporadic OPHGs.38 When
we compared the 25 sporadic OPHGs in stratum 4 with 15 NF1-
associated OPHGs in stratum 3, no significant difference in PFS
was seen, possibly due to the small sample size or the relatively
short period of time of 24 months used in this analysis.
Enhancing tumor volume as well as the volume of cysts were sig-
nificantly higher in sporadic OPHGs compared with NF1-associ-
ated OPHGs, whereas there was no difference in overall tumor
volume. The baseline mean, median, and mode of ADC_total as
well as baseline mean and median of ADC_enhancement were
higher in sporadic OPHGs compared with NF1-associated
OPHGs. This result may be explained by the higher incidence of
cystic components in sporadic OPHGs that we report, consistent
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with previous reports.39 The greater decrease with time in median
ADC_total we report in sporadic OPHGs in stratum 4 compared
withNF1-associated OPHG in stratum 3 (Fig 2) may also be asso-
ciated with a decrease in cystic components of the tumor.

Although ours was larger than prior studies in the literature,
the relatively small sample size and diverse prior treatment his-
tories are limitations of this study.

Machine learning methods have shown promise in differenti-
ating BRAF fusion and mutation40 and could be useful in predict-
ing response to therapy. This study was an observational and
exploratory analysis and is the first study, to our knowledge, to
look for any associations between treatment response and
changes in ADC in pLGGs. Our population was heterogeneous
with respect to molecular type as well as tumor location, and
response to selumetinib varies by molecular type and tumor loca-
tion. Future studies with the large homogeneous samples of each
tumor type required for artificial intelligence and machine learn-
ing algorithms may definitively identify ADC histogram metrics
as markers to identify response to selumetinib. Future work may
also include exploring associations between ADC histogram met-
rics and standardized measures of visual outcomes in OPHGs as
recommended by Response Assessment in Pediatric Neuro-
Oncology.10

CONCLUSIONS
We hypothesized that ADC histogram metrics would be associ-
ated with response in pLGGs treated with selumetinib. ADC val-
ues in pLGGs decreased with time in treatment with selumetinib
in responders compared with nonresponders. Compared with
NF1-associated OPHG, ADC decreased with selumetinib treat-
ment in sporadic OPHG. ADC histogram metrics were found to
be associated with response of pLGG to selumetinib.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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