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PURPOSE

Orbital lymphomas share overlapping clinical and radiological features with immunoglobulin
G4-related orbital disease (IgG4-ROD) and granulomatous orbital diseases, which may lead to di-
agnostic delays. This study aims to evaluate the added diagnostic value of the transverse relaxation
time (T2) signal ratio when combined with apparent diffusion coefficient (ADC) measurements in
distinguishing orbital lymphoma from inflammatory mimickers.

METHODS

In this retrospective study, two blinded radiologists independently measured T2 signal ratios (le-
sion to cerebral cortex), ADC values, and ADC ratios on pretreatment orbital magnetic resonance
imaging scans of 58 patients (21 lymphomas, 21 I|gG4-ROD, 16 granulomatous inflammation). Mea-
surements were performed on axial images at the lesion’s maximal diameter. Regions of interest
were manually drawn to cover the entire lesion, avoiding necrosis and edges. Diagnostic perfor-
mance was assessed using receiver operating characteristic curve analysis, with optimal cut-off
values determined by Youden’s index. The ADC ratio (<1) and T2 signal ratio (>0.88) were combined
using OR (either positive) and AND (both positive) rules. Interobserver agreement was evaluated
using intraclass correlation coefficients (ICC).

RESULTS

All measurements showed statistically significant differences between the two cohorts. Reviewer
1's ADC ratio measurements demonstrated excellent diagnostic performance, with an area under
the curve (AUC) of 0.920 (85.7% sensitivity and 86.5% specificity at the optimal cut-off of <1). In
comparison, T2 signal ratios showed moderate diagnostic value (AUC: 0.726; 80.95% sensitivity and
64.86% specificity at a cut-off >0.88). The combination of both parameters significantly improved
diagnostic accuracy: the OR rule (ADC <1 or T2 >0.88) increased sensitivity to 95.2%, whereas the
AND rule (ADC <1 and T2 >0.88) increased specificity to 94.6%. Interobserver reliability was excel-
lent, with ICC values ranging from 0.969 to 0.985.

CONCLUSION

Although diffusion imaging remains the primary discriminator for orbital lymphoma, the T2 signal
ratio considerably enhances diagnostic confidence, particularly in borderline ADC cases.

CLINICAL SIGNIFICANCE

Incorporating T2 signal ratio measurements adds minimal workflow burden in routine clinical prac-
tice and provides a practical tool for differentiating lymphoma from IgG4-ROD and granulomatous
inflammatory mimics.
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rbital lymphoma is the most com-

mon orbital neoplasm in adults,

with extranodal marginal zone lym-
phoma of mucosa-associated lymphoid tis-
sue (MALT) being the most frequent histo-
pathological subtype.’ Differentiating orbital
lymphoma from inflammatory mimickers is
crucial because treatment implications and
prognosis differ. Orbital lymphomas are pri-
marily treated with low-dose radiotherapy
(20-30 Gy), whereas combined-modality
therapy with systemic agents (e.g., rituximab
or chemotherapy) is required for aggressive
subtypes. In contrast, inflammatory condi-
tions [e.g.,immunoglobulin G4-related orbit-
al disease (IgG4-ROD)] often respond well to
corticosteroid therapy.>?

Clinical manifestations are largely
non-discriminating, and intraorbital location
may interfere with obtaining adequate tis-
sue samples for histopathologic evaluation.
Magnetic resonance imaging (MRI) has an
established role in preoperative discrimi-
nation. Several prior studies have reported
descriptive and quantitative MRI features
for differentiating orbital lymphoma from
inflammatory diseases, including margin
characteristics, diffusion, and perfusion pat-
terns.>® Nevertheless, studies comparing
lymphoma with specific entities of orbital
inflammation remain sparse.”

Orbital inflammation is an umbrella term
that includes idiopathic orbital inflammation
(101) and specific entities with established di-
agnostic criteria, such as IgG4-ROD. 10l can
be more readily differentiated from orbital
lymphoma both clinically and radiologi-
cally, as it typically presents with pain and
demonstrates an infiltrative pattern without
restricted diffusion.2 However, |IgG4-ROD and

+ Apparent diffusion coefficient (ADC) values
demonstrate superior diagnostic perfor-
mance for lymphoma detection, but the
overlap with immunoglobulin G4-related
orbital disease (IgG4-ROD) and granuloma-
tous diseases necessitates additional imag-
ing markers.

* Transverse relaxation time (T2) hypointensi-
ty in lgG4-ROD and granulomatous diseases
versus intermediate T2 signal intensity in
lymphomas provides complementary diag-
nostic value when ADC findings are equiv-
ocal.

* The combined ADC and T2 approach relies
on routine magnetic resonance imaging se-
quences without requiring advanced proto-
cols, offering a clinically practical solution to
guide treatment decisions.

granulomatous orbital inflammation share
overlapping clinical and radiological features
with lymphoma, such as mass-like involve-
ment and relatively low apparent diffusion
coefficient (ADC) values.®'" Therefore, the
role of diffusion-weighted imaging (DWI) in
distinguishing orbital lymphoma from these
specific inflammatory entities may be limit-
ed, necessitating additional imaging discrim-
inators.

IgG4-ROD and granulomatous inflamma-
tions usually appear hypointense on trans-
verse relaxation time (T2)-weighted images
due to fibrosis and granulomas, respective-
ly.'? In contrast, orbital lymphomas have
mostly been reported to demonstrate iso- or
hyperintense T2 signals in previous stud-
ies.”’®* Thus, T2 signal intensity may serve as
a useful discriminator between orbital lym-
phoma and these inflammatory entities.

In this study, we aim to retrospectively
assess the diagnostic performance of ADC
values, T2 signal intensity measurements,
and their combination in differentiating or-
bital lymphoma from its most challenging
mimickers: 1gG4-ROD and granulomatous
diseases.

Methods

Patients

This retrospective study was conducted
with approval from the Hacettepe Univer-
sity Health Sciences Research Ethics Board,
with a waiver of informed consent (SBA
24/1115/2024, date: 27.11.2024). Orbital MRI

reports dictated in the radiology department
between January 2016 and January 2024
were searched for the keywords “lympho-
ma,” “intraorbital mass,” “inflammation,” and
“granulomatous”. An additional retrospective
search was conducted in the rheumatology
department database to identify patients di-
agnosed with orbital IgG4-ROD, granuloma-

tous polyangiitis (GPA), or sarcoidosis.

The inclusion criteria were as follows: 1)
patients with an orbital mass or infiltration
detected by MRI; 2) patients meeting estab-
lished diagnostic criteria and/or having a his-
topathologic diagnosis of IgG4-related dis-
ease' or granulomatous diseases, including
GPA'™ and sarcoidosis;'® 3) patients with a his-
topathologic diagnosis of orbital lymphoma;
4) patients who underwent orbital MRI at the
onset of orbital disease. A total of 36 patients
with orbital lymphoma, 26 patients with
IgG4-ROD, 10 patients with GPA, 5 patients
with sarcoidosis, and 1 patient with fungal
granulomatous angiitis were identified.

The exclusion criteria were as follows: 1)
MRI performed after biopsy and/or corti-
costeroid use, 2) secondary orbital lympho-
ma, 3) technically inadequate scans, and
4) scans without DWI. A total of 15 patients
with orbital lymphoma (14 with secondary
lymphoma, 1 with a technically inadequate
scan) and 5 patients with IgG4-ROD (3 with-
out DWI, 1 with corticosteroid use, 1 with a
technically inadequate scan) were excluded.
The final study group (Figure 1) comprised
21 patients with primary orbital lymphoma
(9 women and 12 men; age range 9-86 years;

Patients identified through keyword search in
Radiology database
(n: 185)

Patients identified from Rheumatology database
n:46

Inclusion criteria

78 patients with
Lymphoma (n:36)
1gG4-RD (n: 26)

GPA (n: 10)
Sarcoidosis (n:5)

Fungal granulomatous angiitis (1)

A

Exclusion criteria

58 patients with
Lymphoma (n:21)
1gG4-RD (n: 21)
GPA (n: 10)
Sarcoidosis (n:5)
Fungal granulomatous angiitis (1) were enrolled

Figure 1. Flowchart of patient selection. IgG4-ROD, immunoglobulin G4-related orbital disease; GPA,

granulomatous polyangiitis.
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median 58.4 years), 21 patients with 1gG4-
ROD (13 women and 8 men; age range 4-65
years; median 37 years), 10 patients with or-
bital GPA (7 women and 3 men; age range
11-64 years; median 41.5 years), 5 patients
with sarcoidosis (5 women; age range 26-59
years; median 44 years), and 1 patient with
fungal granulomatous angiitis (78-year-old
woman).

Magnetic resonance imaging examination

MR studies were performed using either
1.5T or 3T MR scanners (Philips Healthcare,
Best, the Netherlands; GE Healthcare, Mil-
waukee, WI, USA; and Siemens, Erlangen,
Germany). The orbital MRI protocol included
coronal and axial T1-weighted images, cor-
onal and axial T2-weighted images with fat
saturation, post-contrast axial and coronal
T1-weighted images with fat saturation, and
axial DWI.

The parameters for fat-saturated
T2-weighted images were as follows: rep-
etition time (TR)/echo time (TE): 5,680-
2,720/100-80 ms, field of view (FOV): 215
X 215-120 x 105 mm, slice thickness/gap:
3-4/3.3-4.6 mm, number of excitations
(NEX): 2-3, and matrix: 320 x 302-612 x 768.
DWI was acquired using single-shot spin-
echo echo planar imaging with the following
parameters: TR/TE: 6,188-2,400/116-73 ms;
slice thickness: 3-5 mm; flip angle: 90°; FOV:
267 x 227-160 x 100 mm; NEX: 2-12; matrix
256 x 256-128 x 128; and b values of 0 and
1,000 sec/mm?.

Image analysis

The images were reviewed by two head
and neck radiologists (Reviewer 1 and Re-
viewer 2, with 11 and 7 years of experience,
respectively), both blinded to the clinical
diagnosis. Descriptive features, including
laterality and location, were assessed by con-

sensus. When both sides were affected, the
larger area of involvement was selected for
quantitative analysis. Quantitative analysis
included T2 signal and ADC measurements.
Measurements were made independently
on axial planes at the level of maximal lesion
diameter. Regions of interest (ROIls) were
drawn manually to cover the entire lesion,
avoiding cystic or necrotic areas by refer-
encing post-contrast T1-weighted images.
Lesion edges were excluded to reduce the
effects of partial volume and susceptibility
artifacts. The mean ROI sizes drawn by Re-
viewers 1 and 2 were as follows: for Review-
er 1, the T2 signal ROl was 2.62 cm? (range:
0.3-9.38 cm?), and the ADC ROl was 2.56 cm?
(range: 0.16-9.32 cm?). For Reviewer 2, the
T2 signal ROl was 2.08 cm? (range: 0.25-7.36
cm?), and the ADC ROl was 1.84 cm? (range:
0.23-5.81 cm?).

The ratios of T2 signal (lesion to mean T2
signal cortex) and ADC (lesion to mean ADC
cortex) were calculated for each patient. The
mean T2 signal cortex and ADC cortex values
were derived from three separate cerebral
cortical measurements taken on the same
axial plane where lesion T2 signal and ADC
values were measured. For cortical reference
values, three circular ROIs (0.04-0.15 cm?)
were placed in areas with optimal gray-
white matter differentiation, carefully avoid-
ing white matter and sulci (Figure 2).

Statistical analysis

Statistical analysis was performed using
IBM SPSS Statistics 23.0 (IBM Corp., Armonk,
NY, USA). Categorical variables were com-
pared using the chi-square test or Fisher’s
exact test, as appropriate. The Kolmogorov-
Smirnov test was used to assess the normality
of continuous variables. Normally distributed
variables were presented as mean + stand-
ard deviation, and group comparisons were
made using independent samples t-tests.

Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the di-
agnostic performance of T2 signal ratios and
ADC values/ratios in differentiating orbital
lymphoma from orbital inflammation. Opti-
mal cut-off values were determined using the
Youden index, an objective criterion that bal-
ances diagnostic test performance by iden-
tifying the threshold that maximizes both
sensitivity and specificity simultaneously,
corresponding to the point on the ROC curve
nearest the upper-left corner (representing
perfect discrimination). Based on these cut-
off points, the two variables were converted
into binary outcomes and combined using:
(1) the “OR rule” (positive if either parameter
was positive) and (2) the “AND rule” (positive
only if both parameters were positive). The
sensitivity and specificity of each combined
test were calculated. Inter-rater reliability was
assessed using intraclass correlation coeffi-
cients (ICC). A P value of <0.05 was consid-
ered statistically significant.

Findings

A total of 86% of patients with primary
orbital lymphoma had low-grade non-Hodg-
kin lymphoma, and MALT lymphoma consti-
tuted 57% of all cases. The mean age of pa-
tients with lymphoma (58.48 + 21.18 years)
was higher than that of patients with orbital
inflammatory diseases (40.54 + 19.06 years)
(P =0.002). No significant difference in gen-
der distribution was observed between the
lymphoma and inflammatory cohorts. Com-
parative analyses of descriptive findings are
presented in Table 1. The majority of patients
with lymphoma (n = 19, 90.5%) showed
unilateral involvement, demonstrating a
statistically significant predominance over
inflammatory etiologies (P = 0.02). Although
extraconal fat involvement was observed in
both cohorts, it was more frequent in inflam-
matory cases (P =0.036).

Figure 2. Representative example of lesion and reference cortical measurements in a patient with orbital lymphoma; using an axial fat-saturated post-contrast T1-
weighted image (a) as a reference, manual regions of interest (ROls) were placed to avoid cystic/necrotic components and lesion margins on the axial fat-saturated
T2-weighted image (b) and apparent diffusion coefficient map (c); reference cortical ROls were positioned in normal-appearing cortex while carefully avoiding

white matter and sulci.
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MRI examinations were performed using
3 T scanners for 10 patients (3 lymphoma,
7 inflammatory) and 1.5 T scanners for 48
patients (18 lymphoma, 30 inflammatory).
Mean T2 signal ratios and mean ADC values
and ratios for each reviewer are presented in
Table 2. All measurements showed statisti-
cally significant differences between the two
cohorts (P < 0.05). Lymphomas demonstrat-
ed significantly lower ADC values/ratios and
higher T2 signal ratios than inflammatory
lesions. Interobserver variability in measure-
ments showed excellent agreement, with ICC
values ranging from 0.969 to 0.985.

ROC analysis using measurements from
both reviewers is presented in Figure 3.
The highest diagnostic performance was
achieved by the ADC ratio measurements
from Reviewer 1, with an area under the
curve (AUC) of 0.920 (95% Cl: 0.818-0.975,

P < 0.001). Using the optimal cut-off (<1), it
demonstrated 85.7% sensitivity and 86.5%
specificity, with an overall accuracy of 86.2%.
The positive and negative predictive values
were 78.3% and 91.4%, respectively.

The T2 signal ratio demonstrated moder-
ate diagnostic performance, with an AUC of
0.726 (95% Cl: 0.592-0.86, P = 0.001) for Re-
viewer 1. At the optimal cut-off (>0.88), the
test achieved 80.95% sensitivity and 64.86%
specificity, yielding an overall accuracy of
70.7%, with positive and negative predictive
values of 56.7% and 85.7%, respectively.

The OR rule combination (applying either
ADC ratio <1 or T2 signal ratio >0.88) showed
a sensitivity of 95.2% and specificity of
56.8%. The AND rule combination (requiring
both ADC ratio <1 and T2 signal ratio >0.88)
resulted in a sensitivity of 71.4% and specific-
ity of 94.6%.

Table 1. Comparison of descriptive characteristics

Lymphoma (%) Inflammation (%) P value
Laterality
Unilateral 19 (90.5%) 23 (62.2%) 0.02
Bilateral 2(9.5%) 14 (37.8%)
Location
Extraconal space only 12 (57.1%) 24 (64.9%) 0.036
Intraconal space only 3 (14.3%) 0 :

Both extra- and intraconal space
Muscle cone only

5 (23.8%)
1 (4.8%) 0

13 (35.1%)

ADC ratio-Reviewer 1

100 |—
i Pl
r 2
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Figure 3. Receiver operating characteristic curve analysis evaluating the diagnostic performance of
apparent diffusion coefficient (ADC) and transverse relaxation time (T2) signal ratio measurements between
reviewers (a); ADC ratio measurements by Reviewer 1 demonstrated superior diagnostic performance, with
an area under the curve (AUC) of 0.920 (P < 0.001) (b); among T2 signal ratio measurements, Reviewer 1's
results showed moderate diagnostic value, with an AUC of 0.726 (P = 0.001) (c).
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Discussion

This study demonstrates that combining
the T2 signal ratio with ADC values consid-
erably improves differentiation between
orbital lymphoma and its challenging in-
flammatory mimics, particularly 1gG4-ROD
and granulomatous inflammation (Figure 4).
The ADC ratio demonstrated superior diag-
nostic performance (AUC: 0.920; sensitivity:
85.7%; specificity: 86.5%), confirming the
role of DWI as the primary discriminator for
lymphoma detection. Although the T2 signal
ratio alone exhibited only moderate discrim-
inatory capability (AUC: 0.726; sensitivity:
80.95%; specificity: 64.86%), its integration
with ADC values enhanced diagnostic power
through complementary effects: the OR rule
achieved 95.2% sensitivity, whereas the AND
rule demonstrated 94.6% specificity.

Consistent with the known epidemiol-
ogy of orbital lymphomas, which typically
present in the 6" to 7" decades, our patients
with lymphoma were significantly older than
those with inflammatory disease (P = 0.002),
as previously documented.*> Our findings
also align with earlier studies demonstrating
the predominance of unilateral involvement
in orbital lymphoma.*'” Although extracon-
al space involvement was frequent in the
lymphoma group, supporting the findings
of Priego et al."”, we observed it to be more
prevalent in inflammatory cases (P = 0.036).

Both reviewers demonstrated signifi-
cantly lower mean ADC values and ratios in
lymphoma (P < 0.001). These findings align
with prior studies employing various DWI
techniques, including single-shot echo-pla-
nar imaging (EPI), turbo spin-echo DWI,
and diffusion-sensitized driven-equilibrium
preparation.*®”'®  Although non-EPI DWI
techniques offer advantages over conven-
tional EPI—such as reduced susceptibility
artifacts and geometric distortion—all ap-
proaches consistently demonstrate lympho-
ma’s characteristic ADC reduction compared
with 1IgG4-ROD and other inflammatory con-
ditions. These findings support the diagnos-
tic utility of DWI independent of technique,
although standardization of protocols could
further improve its clinical application. De-
spite DWI's established role in differentiat-
ing orbital lymphoma from inflammatory
mimickers, diagnostic challenges persist in
certain cases. This challenge is especially evi-
dent in IgG4-ROD and granulomatous orbital
diseases, where ADC values are frequently
reduced compared with 10l. Notably, lacri-
mal gland involvement in 1gG4-ROD often
demonstrates ADC values below 600 x 10

Bulut et al.



Table 2. Inter-reviewer agreement and comparison of T2 signal ratios and ADC values/ratios between the lymphoma and inflammation

groups

Lymphoma Inflammation Pvalue ICC
Mean T2 signal ratio
Reviewer 1 0.961 +0.134 0.822 +0.242 0.007 0.969
Reviewer 2 0.980 + 0.146 0.835 +0.267 0.01
Mean ADClesion (x10-* mm?/s)
Reviewer 1 0.731+£0.172 1.077 £ 0.261 <0.001 0.985
Reviewer 2 0.713+£0.173 1.058 £ 0.262 <0.001 ’
Mean ADCratio
Reviewer 1 0.864 +0.184 1.319+£0.311 <0.001 0971
Reviewer 2 0.852 +0.180 1.333+0.336 <0.001 ’

T2, transverse relaxation time; ADC, apparent diffusion coefficient.

Figure 4. Space-occupying soft tissue masses with diffuse contrast enhancement on post-contrast
T1-weighted images were observed in 3 patients diagnosed with primary orbital lymphoma (a),
immunoglobulin G4-related orbital disease (IgG4-ROD) (d), and sarcoidosis (g); these lesions demonstrated
overlapping apparent diffusion coefficient (ADC) values on ADC maps (b, e, and h, respectively); transverse
relaxation time (T2)-weighted images helped differentiate lymphoma (c) from IgG4-ROD and sarcoidosis (f
and i, respectively), with lymphoma appearing isointense to the cerebral cortex, whereas the inflammatory
mimickers appeared hypointense.

mm?/s.'%""  Granulomatous inflammations
may similarly exhibit ADC values overlapping
with lymphoma.” For cases with indetermi-
nate ADC measurements, additional discrim-
inative imaging features become essential
to accurately distinguish lymphoma from
IgG4-ROD and granulomatous inflammation,
ensuring appropriate clinical management.

Advanced MRI techniques, including dy-
namic contrast-enhanced (DCE) MRI and ar-
terial spin labeling (ASL), have demonstrated
diagnostic potential for differentiating orbital
lymphoma from benign mimics. Hu et al.® re-
ported that DCE-MRI parameters, particularly
" With 76.2% sensitivity and 94.9% spec-
ificity, could reliably distinguish malignant
lymphoproliferative disorders from benign

lesions based on their distinct microvascu-
lar characteristics. Eissa et al.*° reported that
total blood flow derived from ASL could dis-
criminate lymphoma from idiopathic inflam-
matory pseudotumor (P < 0.001), although
ADC provided superior diagnostic accuracy
compared with ASL, and the combined use
of both techniques yielded only minimal im-
provement over ADC alone, suggesting lim-
ited clinical added value for ASL. Although
perfusion MRI parameters demonstrate
promising discriminatory capability for dif-
ferentiating orbital lymphoma from benign
lymphoproliferative and inflammatory dis-
orders, their clinical application has several
limitations. Perfusion imaging is not current-
ly part of standard orbital MRI protocols; its
inclusion would prolong scan times, and the

requirement for specialized post-processing
further restricts its viability in daily prac-
tice. These limitations underscore the need
for practical MRI biomarkers, notably those
available through T2-weighted imaging.

Granulomatous  inflammations  and
IgG4-related disease are well-recognized
causes of T2-hypointense head and neck
lesions. Characteristics of the T2 signal arise
from granulomas in granulomatous diseas-
es, including GPA and sarcoidosis, and from
fibrosis in orbital 1gG4-related disease.>'?
In contrast, orbital lymphoma is mostly re-
ported to present with an intermediate T2
signal.’® Our results align well with the liter-
ature, as the mean T2 signal ratio of the in-
flammation cohort was considerably lower
than that of the lymphoma cohort.

Although the T2 signal ratio yielded low-
er isolated diagnostic reliability than ADC
values, it serves as a strong complementary
tool that considerably enhances the dis-
criminatory power of ADC. The combined
application of both parameters using the OR
rule (ADC ratio <1 or T2 signal ratio >0.88)
demonstrated superior sensitivity (95.2%)
compared with ADC alone (85.7%). More im-
portantly, the AND rule combination (ADC
ratio <1 and T2 signal ratio >0.88), achieved
higher specificity (from 86.5% to 94.6%), ef-
fectively reducing false-positive cases while
maintaining diagnostic reliability. These
findings underscore that T2-weighted imag-
ing contributes meaningfully to diagnostic
confidence, particularly in equivocal cases
where ADC values are borderline. Important-
ly, this approach has direct clinical utility, as
it relies on standard MRI sequences without
requiring specialized protocols, offering radi-
ologists a practical method to guide patient
management.

This study has several limitations, primar-
ily inherent to its retrospective design. The
multi-vendor nature of our MRI data (1.5 T
and 3 T scanners from different manufactur-
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ers) and variations in acquisition parameters
may introduce technical variability in quan-
titative measurements, despite our stand-
ardization efforts using ratio-based analyses.
Additionally, the small number of patients
scanned at 3T MRI (n = 10) limited our ability
to evaluate field strength effects, warranting
investigation in future larger studies. Anoth-
er technical consideration is the use of EPI-
DWI, which is particularly susceptible to arti-
facts and geometric distortion near bone-air
interfaces, potentially compromising ADC
measurements in small orbital lesions. Our
inflammatory cohort demonstrated marked
heterogeneity in subgroup distribution, with
notably limited cases of sarcoidosis and fun-
gal angiitis, which may affect the generaliza-
bility of our findings across all inflammatory
subtypes. Furthermore, the retrospective
design and modest sample size (n = 58) pre-
clude advanced quantitative analyses such
as radiomics, which typically require larger
cohorts with standardized imaging protocols
to ensure reproducible feature extraction.

In conclusion, the combined evaluation
of ADC values and T2 signal ratio provides a
clinically practical and effective method for
differentiating orbital lymphoma from its
challenging inflammatory mimics. This ap-
proach utilizes routine MRI sequences while
demonstrating superior diagnostic perfor-
mance compared with either parameter in
isolation. Because accurate differentiation
between these entities carries substantial
therapeutic implications, our findings may
help optimize patient management. Multi-
center prospective studies with standardized
protocols are needed to validate optimal cut-
off values and guide clinical implementation.
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