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Abstract
Objectives—The aim of the present study is to correlate non-invasive, pretreatment biological
imaging (dynamic contrast enhanced-MRI [DCE-MRI] and proton magnetic resonance
spectroscopy [1H-MRS]) findings with specific molecular marker data in neck nodal metastases of
head and neck squamous cell carcinoma (HNSCC) patients.

Materials and Methods—Pretreatment DCE-MRI and 1H-MRS were performed on neck nodal
metastases of 12 patients who underwent surgery. Surgical specimens were analyzed with
immunohistochemistry (IHC) assays for: Ki-67 (reflecting cellular proliferation), vascular
endothelial growth factor (VEGF) (the “endogenous marker” of tumor vessel growth), carbonic
anhydrase (CAIX), hypoxia inducible transcription factor (HIF-1α), and human papillomavirus
(HPV). Additionally, necrosis was estimated based on H&E staining. The Spearman correlation
was used to compare DCE-MRI, 1H-MRS, and molecular marker data.

Results—A significant correlation was observed between DCE-MRI parameter std(kep) and
VEGF IHC expression level (rho = 0.81, p = 0.0001). Furthermore, IHC expression levels of
Ki-67 inversely correlated with std(Ktrans) and std(ve) (rho = −0.71; p = 0.004, and rho = −0.73; p
= 0.003, respectively). Other DCE-MRI, 1H-MRS and IHC values did not show significant
correlation.

Conclusion—The results of this preliminary study indicate that the level of heterogeneity of
perfusion in metastatic HNSCC seems positively correlated with angiogenesis, and inversely
correlated with proliferation. These results are preliminary in nature and are indicative, and not
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definitive, trends portrayed in HNSCC patients with nodal disease. Future studies with larger
patient populations need to be carried out to validate and clarify our preliminary findings.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is the most common type of head and
neck cancer in the United States.1 Despite recent advances in surgical and oncologic
treatments, the survival rate of patients with HNSCC has not changed over the past decade;
the 5-year and 10-year relative survival rates are 61% and 50% respectively.1 Non-invasive
imaging and molecular markers have a potential role in clinical decision-making for patients
with head and neck (HN) cancer, but patient and treatment heterogeneity prohibits definitive
conclusions.2, 3 Therefore, the precise role of the clinical application of molecular
prognostic markers in HN cancers remains elusive.2, 4

One promising noninvasive imaging modality is magnetic resonance imaging (MRI).
Pharmacokinetic modeling of the dynamic contrast-enhanced magnetic resonance imaging
(DCE-MRI) data yields physiologic parameters relevant for functional characterization of
changes in tumor microvasculature.5 In contrast to conventional MRI techniques, which
only allow qualitative characterization of tumor, the pharmacokinetic modeling of DCE-
MRI data provides functional information about the tumor. Another MRI-based technique is
proton magnetic resonance spectroscopy (1H-MRS), which provides a window on the
metabolite composition of tumors.6 For example, 1H-MRS enables detection of choline-
containing compounds, which reflect membrane synthesis and indirectly elevated cell
proliferation rates.

A quantitative estimate of tumor microenvironment parameters can also be obtained through
immunohistochemistry (IHC) assays.2 For example, hypoxia and proliferation levels have
been shown to be relevant for treatment outcome. These levels have been evaluated for
malignant progression and prediction or monitoring of response to treatment.7–9 Several
prognostic molecular markers have been identified in HN cancers.8, 10 These markers
include Ki-67 (reflecting cellular proliferation), VEGF (vascular endothelial growth factor;
the “endogenous marker” of tumor vessel growth), carbonic anhydrase (CAIX), hypoxia
inducible transcription factor (HIF-1α), and human papillomavirus (HPV). The objective of
this study is to correlate non-invasive, pretreatment biological MR imaging (DCE-MRI
and 1H-MRS) findings with specific molecular marker data in neck nodal metastases of
HNSCC patients. This may provide information that could improve the clinical
interpretation of in vivo MRI data and allow the development of “patterns” that might
enable physicians to provide patient-specific treatment.

Patients and Methods
Our study was approved by the Institutional Review Board and was compliant with the
Health Insurance Portability and Accountability Act. Inclusion criteria for the study were as
follows: biopsy-proven squamous cell carcinoma; presence of nodal metastasis in the neck;
ability to give informed consent; no contraindications to MRI. After giving informed
consent, 46 patients were enrolled in our prospective MRI study from March 2006 to March
2008 (Figure 1). Of these, 12 patients had surgery. Thus, our study included 12 patients (4
females and 8 males, with an average age of 57±13 years (mean ± SD)). The patients’
primary tumor locations were as follows: base of tongue (2), tonsil (2), oral tongue (1), hard
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palate (1), buccal mucosa (2), and unknown (4). The clinical characteristics of all patients
analyzed in the study are summarized in Table 1.

MRI studies: 1H-MRS and DCE-MRI
Pretreatment MRI data from all 12 patients were acquired on a 1.5 Tesla G.E. Excite scanner
(General Electric, Milwaukee, WI) with a 4-channel neurovascular phased-array coil. MR
imaging covering the entire neck was performed, as described previously.11–14 The neck
MR imaging protocol consisted of rapid scout images, multiplanar (axial, coronal and
sagittal) T2-weighted, fat-suppressed, fast-spin echo images, and multi-planar T1-weighted
images. During 1H-MRS, spectra were acquired for the tumor identified on T2-weighted
images by a neuro-radiologist, and a volume of interest (>8mL) was placed over the node,
using TE (echo time) 136 ms, TR (repetition time) 1.6 s, and 256 averages. Localization and
water suppression were achieved with point-resolved spatially localized spectroscopy
(PRESS) and chemical shift selective suppression, respectively. A spectrum (16 averages) of
unsuppressed water was also recorded. Proton density (PD) images were acquired on the
same node studied by 1H-MRS to determine the longitudinal relaxation rate constant R1 for
each DCE-MRI data point in the axial plane. The acquisition parameters for the PD images
were as follows: TR of 350 ms, TE of 2 ms with a 30° flip angle (α), 2 excitations, 15.63-
kHz receive bandwidth, 18–20–cm field of view, 5–6–mm slice thickness, zero gap and a
256 × 128 matrix. DCE-MRI was acquired using a fast multi-phase spoiled gradient echo
sequence. Antecubital vein catheters delivered a bolus of 0.1 mmol/kg Gd-DTPA
(Magnevist; Berlex Laboratories, Wayne, NJ) at 2 cc/s, followed by a saline flush. The
entire node was covered contiguously with 5–7–mm thick slices with zero gap, yielding 3–8
slices with 3.75–7.5–sec temporal resolution. Acquisition parameters for DCE-MRI were
similar to those for PD imaging, except that the TR was 9 ms and 40–80 time course data
points were collected. For both PD images and DCE-MRI the 256 × 128 matrix was zero
filled to 256 × 256 during image reconstruction.

Planning
To ensure the matching of the node of interest to the surgical node, the following steps were
taken by the team of the radiologist, physicist, pathologist and surgeon: i) the
neuroradiologist marked the relevant MR images with the node of interest, provided the
multiplanar images pre- and post- contrast with the exact location (level) of the node to the
physicist, and showed the MR images to the surgeon on picture archiving and
communication system (PACS) before the surgery; ii) the physicist helped make a template
that was given to the surgeon, and iii) the surgeon used the above information and labeled
the node of interest after resection for appropriate identification and orientation, and gave
the specimen and copy of the image to the pathologist.

Immunohistochemistry
Following guidelines established by the Institutional Review Board at our institution, fresh
tissue samples were sequentially collected under the supervision of the pathologist after
obtaining written informed consent from the patients undergoing therapeutic surgical
resection for HNSCC by the Head and Neck Service surgeons at our institution from March
2006 to March 2008. In each case, the portion of tumor was resected near the advancing
edge of the tumor to avoid its necrotic center. Histologically normal mucosae of the upper
aerodigestive tract, resected 5 cm away from the tumor area, were obtained in all cases and
used as controls. Paraffin-embedded tissue blocks were obtained for each surgically resected
specimen by sectioning each tumor with reference to the plane of imaging of the
corresponding preoperative MRI. A sample of the tissue was immediately snap-frozen and
stored in liquid nitrogen for further use. Histological sections (4 μm) were obtained from
each paraffin-embedded tissue block, and placed onto poly-L-lysine-coated glass slides in
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preparation for immunohistochemical stains using antibodies for VEGF, Ki-67, CA-IX,
HIF-1α, HPV, and routine hematoxylin and eosin (H&E) staining. Expression levels of
VEGF were analyzed using the anti-VEGF mAb, obtained from Santa Cruz, using the
Discovery XT (Ventana) with a dilution of 1:100. Ki-67 was analyzed using anti-Ki-67 mAb
(Dako), at the Discovery XT (Ventana) with a dilution of 1:100. For CA-IX, a homemade
mAb was used, which was performed with heat-induced epitope retrieval in a Citrate buffer
for 30′. The dilution of the primary Ab was 1:100, with an overnight incubation at 4°C. The
secondary mAb (Vector Laboratories, dilution 1:500) was kept for 1 hour at room
temperature in Strepavidin (Dako), with a dilution of 1:500, and 1 hour at room temperature
in DAB-5. HIF-1α sections were incubated at 95 °C for 45 min with anti-HIF-1α mAb
(Novus Biologicals) at a dilution:1:1600 using the catalyzed signal amplification system
from Dako. H&E was completed with hematoxylin solutions for nuclear staining and eosin
solutions for cytoplasmic staining (Dako). HPV staining was performed on an automated
stainer using INFORM HPV III family 16 probe (Ventana Medical System, Tucson AZ)
according to manufacturer instructions. The probe has affinities to HPV genotypes 16, 18,
31, 33, 39, 45, 51, 52, 56, 58, and 66. Adequate positive and negative control slides were
included in each batch.

Image Analysis
For each patient, imaging findings from 1H-MRS, DCE-MRI and IHC were analyzed for the
largest of the metastatic nodes identified by the neuroradiologist on T2-weighted MR
imaging.

1H-MRS and DCE-MRI Analyses—The 1H-MRS spectra were analyzed using the
LCModel software package (Version 6.2-1L).15 The metabolite basis set (PRESS, TE 136
ms, 1.5 T) included simulated macromolecule peaks. For each spectrum, the parts per
million (ppm) range included for analysis was 2.7 to 3.8 ppm. The ‘only-cho-2’ setting was
used, which provides concentration estimates for choline (Cho) in arbitrary units, relative to
water (Cho/W). No corrections for relaxation were performed. The Cramer-Rao lower
bound (CRLB), which simultaneously accounts for both resolution and noise level,16 was
calculated as an estimate of the error in metabolite quantification.17 Metabolite estimates
were excluded from analysis if the CRLB exceeded the 50% range.18

DCE-MRI data were analyzed with Matlab version R2008. For the tumor tissue time course
data, regions of interest (ROIs) were manually drawn by an experienced (> 10 yrs of
experience) neuro-radiologist. Each ROI encompassed a whole metastatic node. The same
nodes assessed with 1H-MRS were assessed by DCE-MRI. All the slices containing each
node were outlined and analyzed. The total number of pixels within the entire ROI was
converted into the tumor volume (mm3). Quantitative DCE-MRI analyses of the tumor
tissue time course data was performed using the two-compartment Tofts model in all
ROIs.19 A population-based arterial input function derived from the carotid arteries in head
and neck patients was used.20 The model fitted the tissue contrast agent concentration and
yielded quantitative parameters Ktrans (volume transfer constant in min-1), ve (volume
fraction of the extravascular extracellular space (EES) which is dimensionless), and kep (rate
constant in min−1, which equals the ratio Ktrans/ve). DCE-MRI analyses of the tumor tissue
were performed on a pixel-by-pixel basis. A histogram analysis was performed on all pixels
within the ROI, which yielded the median and standard deviation (std) of the distribution of
all pixels. Histograms were normalized to the total number of tumor voxels to allow direct
comparisons between patients. The standard deviation describes the width of the distribution
and is indicative of the heterogeneity of the tumor.21
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IHC Analyses—The IHC results for VEGF, Ki-67, CA-9, and HIF-1α were classified by
an experienced pathologist (>10 yrs of experience) on an ordinal scale as follows: (−) no
staining; (+) immunostaining is less than 1% of cells; (++) immunostaining in 1–10% of
cells; (+++) immunostaining in 10–50% of cells; (++++) immunostaining in more than 50%
of cells, according to Zhong, et al.22 Additionally, based on the H&E staining, a percentage
of necrosis was estimated (0–100%). Finally, for HPV a dichotomous score was used: (0) no
immunostaining, and (1) positive immunostaining when there was specific staining of
tumor-cell nuclei for HPV in the analysis.

Statistical Analysis
All statistical calculations were performed using the software SPSS 15.0 for Windows.
Inter-modality correlations between 1H-MRS (Cho/W), DCE-MRI (median(Ktrans),
std(Ktrans), median(ve), std(ve), median(kep), and std(kep)), IHC staining values of VEGF,
Ki-67, CA-9, and HIF-1α, necrosis percentages, and tumor volume were calculated using
nonparametric Spearman rank correlation. The correlations were interpreted using the
guidelines from Cohen, et al.,23 with absolute correlations of <0.3 considered weak, 0.3–05
considered moderate, and 0.5–1.0 considered strong. Additionally a non-parametric Mann-
Whitney U test was performed on the nominal MRI parameters, divided into two groups,
based on the dichotomous HPV score. Correlations with a p < 0.01 were considered
significant. To correct for multiple comparisons, a Bonferroni correction (N=64) was
applied.

Results
Out of the 12 HNSCC patients, 7 patients had valid 1H-MRS data, with a median CRLB
value for Cho/W of 17 (range, 6 to 26), and an average mean voxel size of 8.1 ± 3.6 ml
(mean ± SD). For DCE-MRI, all 12 patients had valid data; for 10 patients 1 node was
studied, and for 2 patients 2 nodes were studied, which resulted in a total of 14 nodes. All 14
nodes had valid IHC data for VEGF, Ki-67, CA-9, HIF-1α, HPV and H&E. Out of the 14
nodes, 3 were positive, and 11 were negative for HPV.

Figure 2 displays typical images obtained during the pre-treatment DCE-MRI exam of the
neck region of a patient with HNSCC (male, 44 y, primary tonsil). Figure 3 shows the IHC
assay results of the corresponding surgical specimen (neck nodal metastases).

Correlations
A small number of correlations had a p-value lower than 0.01 (see Table 2). We found that
IHC staining values of Ki-67 was negatively correlated with std(Ktrans) and std(ve), (rho =
−0.710; p = 0.004, and rho = −0.726; p = 0.003, respectively). However, the only correlation
which was significant after Bonferroni correction for multiple comparisons was the IHC
level of VEGF with DCE-MRI parameter std(kep) (rho = 0.808, p = 0.0001), (see Figure 4).
There were no other significant correlations. A non-parametric Mann-Whitney U did not
yield significant differences in DCE-MRI, 1H-MRS, or IHC parameters in groups based on
HPV status (p>0.28).

Discussion
Untreated HNSCC patients with nodal metastases underwent MRI with 1H-MRS, and DCE-
MRI prior to surgery. Surgical specimens were analyzed with immunohistochemistry for
several molecular markers. The results of this study revealed statistically significant
correlations between measures derived from DCE-MRI and the molecular markers VEGF
and Ki-67.
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A strong, significant positive correlation was observed between VEGF and std(kep).
Standard deviation measures describing the width of the pixel histogram distribution can be
interpreted as being indicative of the tumor heterogeneity.21 Our results therefore suggest
that stimulation of new vessel growth (VEGF) is positively correlated with the heterogeneity
measure (std(kep)). This is in keeping with the notion that promotion of angiogenic growth
factor pathways also promotes tumor heterogeneity.24, 25

Additionally, a strong, significant negative correlation was observed between Ki-67 and
heterogeneity markers std(Ktrans) and std(ve). This indicates that proliferation of tumor cells
is inversely correlated with tumor heterogeneity. This latter observation is in agreement with
one of our previous studies, where we imaged 16 HNSCC patients with 1H-MRS, DCE-MRI
and 18F-FDG PET before treatment.11 We observed a strong negative correlation between
Cho/W (from 1H-MRS) and std(ve), which suggested that heterogeneous head and neck
tumors contain areas of low proliferation and often highly necrotic regions. In the current
study, the number of patients with valid 1H-MRS data was most likely too low to observe a
similar trend for Cho/W.

We observed a non-significant negative correlation between VEGF and Ki-67 expression
(rho = −0.317, p = 0.27) (see Table 2). Although cell proliferation is an important process
that often coincides with angiogenesis during tumorigenesis, there is not a direct one-to-one
link between proliferation and angiogenesis.26 Therefore, the notion that there is a positive
correlation of VEGF (i.e. angiogenesis) with tumor heterogeneity, but a negative correlation
between Ki-67 (i.e. proliferation) and tumor heterogeneity, is not necessarily conflicting. A
previous study by Faratzis et al.,27 in which immunohistochemical VEGF and Ki-67
expression was investigated in a cohort of 87 patients with SCC of the tongue, did not find a
statistical correlation between VEGF and Ki-67 expression.

Human solid tumors are biologically heterogeneous, and display an extensive variation in
microvasculature.25 Measuring the level of heterogeneity of perfusion in tumors can be an
important tool for understanding tumor biology or predicting treatment outcome.25, 28

Several measures of heterogeneity, including standard deviation and skewness, have already
been shown to correlate with overall survival, tumor grade or radiation treatment
outcome.14, 29, 30 We recently showed in a DCE-MRI study of 74 patients with HNSCC,
that the skewness of Ktrans was the strongest predictor of progression-free survival and
overall survival in HNSCC patients with nodal disease.14 The exact nature of the tumor
heterogeneity in HNSCC is difficult to unravel.25 A previous HNSCC study attributed the
heterogeneity to regions of hypoxia and necrosis within the tumor.31 The
immunohistochemistry necrosis measures in the current study did not correlate with tumor
heterogeneity (Table 2), and hypoxia measurements were not obtained. In a previous study,
we employed a hypoxia radiotracer FMISO PET/CT and DCE-MRI in patients with
HNSCC, and showed that hypoxic nodes had a more asymmetric distribution of kep values
than did non-hypoxic nodes.12

It is important to note that some characteristics of the studied MRI and
immunohistochemistry techniques are inherently different.32 Firstly, histology is performed
at a much smaller spatial scale (μm) than the voxel size of MRI (mm). Also, accurate
registration of histological and MRI planes is not trivial. Finally, in vitro
immunohistochemistry provides a ‘static’ view, whereas DCE-MRI is a ‘live’ physiologic
assay.33 Therefore, temporal correlation between immunohistochemistry molecular markers
and imaging parameters cannot be performed.

Our study has some limitations. The number of patients was low (n=12). Therefore, the
observed correlations should be interpreted with caution, and the observed low number of
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significant correlations and lack of correlations for CA-IX, HIF-1α, and H&E might be due
to the low number of patients. Furthermore, the range of different values for the level of
immunostaining for some markers (e.g. HIF-1α) might not be large enough to reach
significant correlations. Also, the minimum region of interest that can be studied by 1H-
MRS is dependent on the signal-to-noise ratios of the metabolites studied. We studied
choline only, as creatine was not visible. Only 7 of the 12 patients had valid 1H-MRS data,
and this low number was most likely responsible for the absence of significant correlations
found with 1H-MRS. Finally, as indicated above, due to the different spatial scale between
MRI and immunohistochemistry, it is difficult to exactly match planes between the two
techniques. In the present study, IHC analysis was performed on the nodal tissue and the
mucosa as control. Non-metastatic nodes were not used as control, as this tissue was not
available. The location of primary tumor in the patients differed considerably (See table 1).
A recent study by Tamas et al. 34 revealed that biomarker expression in HNSCC correlates
with anatomical localization. More specifically, they studied tissue micro arrays of 124
HNSCC patients which indicated that the level of p16ink4 and Ki67 expression performed
immunohistochemical on tissue micro arrays of 124 HNSCC patients and showed a
significant elevation of p16(ink4) and Ki67 expression in supraglottic, tonsillar and tonsillo-
lingual SCCs compared to SCC of that affecting the oral cavity, oropharynx without tonsils,
larynx without supraglottis and the hypopharynx. The diverse biological behavior of the
primary tumors in our study needs further investigation.

Regardless of the effect of low patient numbers on correlations not reaching the level of
significance, it is also important to note that non-significant correlations should not be
regarded as negative results. The observation of a non-significant correlation between an
MRI measure and a immunohistochemistry marker could indicate that both techniques are
complementary, rather than competitive. Given the different technical natures of the two
techniques (different imaging scale and moment), a complementary contribution of both
techniques would not be surprising.

The results of this preliminary study indicate that the level of heterogeneity of perfusion in
metastatic HNSCC seems positively correlated with angiogenesis, and inversely correlated
with proliferation. These results are preliminary in nature and are indicative, and not
definitive, trends portrayed in HNSCC patients with nodal disease. Future studies with
larger patient populations need to be carried out to validate and clarify our preliminary
findings.
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Abbreviations
1H-MRS proton magnetic resonance spectroscopy

CAIX carbonic anhydrase

Cho choline

CRLB Cramer-Rao lower bound

DCE-MRI dynamic contrast-enhanced magnetic resonance imaging

EES extravascular extracellular space
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HIF-1α hypoxia inducible transcription factor

HN head and neck

HNSCC Head and Neck squamous cell carcinoma

HPV human papillomavirus

IHC immunohistochemistry

kep rate constant in min−1

Ktrans volume transfer constant in min−1

MRI magnetic resonance imaging

PACS picture archiving and communication system

PD proton density

PRESS point-resolved spatially localized spectroscopy

ppm parts per million

ROI region of interest

TE echo time

TR repetition time

ve volume fraction of the EES

VEGF vascular endothelial growth factor
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Figure 1.
Flow chart of the patients recruited from March 2006 to March 2008.
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Figure 2.
Figure 2 shows a representative (a) short tau inversion recovery (STIR), (b) a post-contrast
T1-weighted, and (c) DCE-MRI parametric kep map image obtained from the neck region of
a HNSCC patient (male, 44 y, primary tonsil).
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Figure 3.
IHC assay results of the node visualized in Figure 2. (a) VEGF, (b) Ki-67, (c) HIF-1α, (d)
CA-IX, (e) H&E, and (f) HPV. The classification is on an ordinal scale: (−) no staining; (+)
immunostaining is less than 1% of cells; (++) immunostaining in 1–10% of cells; (+++)
immunostaining in 10–50% of cells; (++++) immunostaining in more than 50% of cells. The
black bar indicates 0.2 mm.
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Figure 4.
Scatter plot displaying the relationship between IHC VEGF staining and the DCE-MRI
parameter std(kep).
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Table 1

Patient characteristics.

Characteristics Value

No. of patients 12

Demographics

 Mean age (y) 57

 Range (y) 40–79

 No. of men 8 (67%)

Location of primary tumor

 Base of tongue 2 (17%)

 Tonsil 2 (17%)

 Oral Tongue 1 (8%)

 Hard Palate 1 (8%)

 Buccal Mucosa 2 (17%)

 Unknown 4 (33%)

Presenting Stage

 Stage III 1 (8%)

 Stage IV 11 (92%)

Number of nodes studied

 1 10 (83%)

 2 2 (17%)

Nodal size

 Mean ± SD (mL) 1.2 ± 1.0
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