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OBJECTIVES This study identified predictors of clinical (CR) and echocardiographic response (ER) following immuno-

suppressive therapy (IST) in patients with cardiac sarcoidosis (CS).

BACKGROUND IST has been the cornerstone of treatment for patients with CS and active myocardial inflammation.

However, there are little data to explain the variable response to IST in CS.

METHODS Data of 96 consecutive patients with CS from the Granulomatous Myocarditis Registry were analyzed. All

patients underwent a 18
fluorodeoxy glucose positron emission tomography�computed tomography (18FDG-PET-CT)

before initiation of IST. Response was assessed after 4 to 6 months of therapy. CR was defined as an improvement in

functional class (New York Heart Association functional class $I) and freedom from ventricular arrhythmias and heart

failure hospitalizations. ER was defined as an improvement in left ventricular ejection fraction (LVEF) $10%. ER was

assessed only in patients with a LVEF <50%. Complete responders had no residual myocardial FDG uptake and fulfilled

both response criteria. Partial responders fulfilled only 1 response criteria or had residual FDG uptake. Nonresponders did

not fulfill either CR or ER criteria. The uptake index (UI) was defined as the product of maximum standardized uptake

value and the number of LV segments with abnormal uptake on 18FDG-PET-CT.

RESULTS Among 91 patients included in the final analysis, 54.9%, 20.9%, and 24.2% of patients were classified as

complete and partial responders and nonresponders, respectively. Cox regression analysis (all responders vs. nonre-

sponders) identified the following as independent predictors of response following immunosuppression: LVEF >40%

(hazard ratio: 1.61; 95% confidence interval: 1.06 to 7.69; p ¼ 0.031) and myocardial UI >30 (hazard ratio: 1.28; 95%

confidence interval: 1.05 to 6.12; p ¼ 0.010). The final model had a good discriminative power (area under the curve

[AUC]: 0.85) and predictive accuracy (sensitivity: 85.5%; specificity: 86.4%). Pre-treatment myocardial UI had a strong

positive correlation with change in LVEF following immunosuppression.

CONCLUSIONS Pre-treatment 18FDG myocardial uptake was a predictor of CR and ER response to immunosuppression

in patients with CS. (J Am Coll Cardiol Img 2021;14:2008–2016) © 2021 Published by Elsevier on behalf of the American

College of Cardiology Foundation.
N 1936-878X/$36.00 https://doi.org/10.1016/j.jcmg.2020.11.016
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AB BR E V I A T I O N S

AND ACRONYM S

18FDG-PET = 18
fluorodeoxy

glucose positron emission

tomography

CMR = cardiac magnetic

resonance

CR = clinical response

CRT = cardiac

resynchronization therapy

CS = cardiac sarcoidosis

CT = computed tomography

ER = echocardiographic

response

ICD = implantable

cardioverter-defibrillator

IST = immunosuppression

therapy

LV = left ventricular

LVEF = left ventricular

ejection fraction
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C linical manifestations of cardiac sarcoidosis
(CS) may be due to granulomatous myocar-
dial inflammation, fibrosis, or a combination

of both. Immunosuppressive therapy (IST) has been
the cornerstone of treatment for patients with CS
and active myocardial inflammation (1). The variable
therapeutic response to IST may be attributed to
heterogenous study populations and different treat-
ment regimens (2,3). Patients with CS and reduced
left ventricular ejection fraction (LVEF) have a poor
prognosis due to high scar burden and a propensity
to develop ventricular arrhythmias (4–6). The pri-
mary modality of noninvasive imaging for the detec-
tion of CS and assessment of ongoing inflammation
is 18

fluorodeoxy glucose positron emission tomogra-
phy (18FDG-PET). However, the prognostic capabil-
ities of 18FDG-PET have been limited due to
nonuniformity in patient preparation and image
interpretation (7). The objective of this study was to
identify predictors of clinical (CR) and
TABLE 1 Baseline Patient Characteristics (N ¼ 91)

Demographics

Age (yrs) 44.1 � 10.3

Male 68 (74.7)

Diabetes mellitus 22 (24.2)

Systemic hypertension 31 (34.1)

Clinical presentation

Ventricular arrhythmias 64 (70.3)

High-degree heart block 13 (14.3)

Heart failure 14 (15.4)

NYHA functional class III/IV 10 (11.0)

Extracardiac organ involvement

Lymph node (cervical, axillary, and mediastinal) 91 (100)

Lungs 9 (9.9)

Other 4 (4.4)

Electrocardiographic findings

PR interval 171.5 �15.4

QRS duration 98.7 � 10.1

Bundle branch block 19 (20.9)

Echocardiographic findings

LV ejection fraction (%) 43.1 � 9.5

LV ejection fraction #50% 59 (64.8)

Pulmonary artery systolic pressure (mm Hg) 26 (21�30)

Treatment

Beta-blockers 71 (78.0)

Other anti-arrhythmic medications 64 (70.3)

Permanent pacemaker 9 (9.9)

Implantable cardioverter-defibrillator 49 (49.5)

Cardiac resynchronization therapy 12 (13.2)

Values mean � SD, n (%), or mean (interquartile range).

LV ¼ left ventricular; NYHA ¼ New York Heart Association.

SUV = standardized uptake

value

UI = uptake index

VT = ventricular tachycardia
echocardiographic response (ER) following
IST in patients with CS.

METHODS

PATIENT IDENTIFICATION AND ELIGI-

BILITY. We retrospectively analyzed the data
of 96 consecutive patients diagnosed with CS.
Patients with CS were enrolled in the Granu-
lomatous Myocarditis Registry from 2014
with the approval of the Institutional Ethics
Committee and Review Board (ID 3-
01072012), and written informed consent was
obtained from all patients. As a part of this
hospital-based registry, weekly multidisci-
plinary clinical meetings were used to di-
agnose, initiate, and optimize treatment of
patients with CS. The methods of diagnosis,
data collection, and management of patients
with CS in this registry were previously
described by our group (8). In brief, the
diagnosis of clinical CS was made with 18FDG-
PET computed tomography (CT) scan and
histological evidence of extra CS in accor-
dance with the recent guidelines for the

diagnosis of extra CS (9). Other causes of granulo-
matous myocarditis were excluded from this study.
Ventricular tachycardia (VT) was defined as sustained
($30 s) VT or ventricular fibrillation, with or without
appropriate implantable cardioverter-defibrillator
(ICD) therapy (10). Left ventricular (LV) dysfunction
was defined as a LVEF #50%. All study procedures
were in accordance with the Declaration of Helsinki.

CLINICAL DATA EXTRACTION AND TREATMENT

REGIMEN. Clinical data regarding clinical presenta-
tion, comorbidities, electrocardiogram, echocardio-
gram, 18FDG-PET-CT, and treatment were extracted
from the registry database. None of the patients were
on any IST before initiation of therapy. All patients
were treated with standard IST as per institutional
protocols. All patients were given oral corticosteroids
(prednisolone 0.5 to 1 mg/kg/day, to a maximum of
60 mg/day or equivalent dose of methylprednisolone)
for 8 weeks, which were tapered over 3 to 4 months.
Oral methotrexate (7.5 mg/week) was started
concurrently with steroids and continued for 2 years
(increased up to 20 mg/week as tolerated) (8). After
treatment was started, follow-up consisted of outpa-
tient visits every 2 weeks for the first 2 months,
monthly for 6 months, and once every 3 to 6 months
thereafter. A repeat echocardiogram and 18FDG-PET-
CT scan were done after 4 to 6 months of initiation of



FIGURE 1 Classification of Response to IST
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After 4 to 6 months of immunosuppressive therapy (IST), patients were assessed for clinical (CR) and echocardiographic (ER) response. Complete responders fulfilled

both response criteria and had no residual myocardial fluorodeoxyglucose (FDG) uptake. Partial responders fulfilled only 1 response criteria or had residual myocardial

FDG uptake. Nonresponders had neither CR nor ER. CT ¼ computed tomography; EF ¼ ejection fraction; LV ¼ left ventricular; MRI ¼ magnetic resonance imaging;

NYHA ¼ New York Heart Association; PET ¼ positron emission tomography.
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IST or earlier, if clinically indicated. During follow-
up, VT was assessed based on appropriate ICD
therapies, sustained and/or nonsustained VTs in ICD
logs or documented VT in patients without ICDs.
ICD and cardiac resynchronization therapy (CRT) de-
vices were advised for eligible patients.

IMAGING TECHNIQUES. Transthoracic echocardiog-
raphy was performed using commercially available
Vivid 9 (GE Healthcare, Helsinki, Finland) or EPIQ
ultrasound systems (Philips Healthcare, Washington).
All echocardiographic parameters were measured
prospectively as described by the American Society of
Echocardiography (11). The echocardiograms were
reviewed for LV dysfunction, regional wall abnor-
malities, and pulmonary artery systolic pressure.

Patient preparation for the 18FDG-PET CT scan
consisted of commencing a high fat, low carbohydrate
diet 48 h before the study, followed by fasting for 8 to
12 h. Patients received 10 to 12 mCu of 18FDG-PET
intravenously, and imaging began after an uptake
period of 90 min. Myocardial and mediastinal uptake
was studied by 18FDG-PET-CT images analyzed in
standard short-axis, horizontal long-axis, and vertical
long-axis views using the standard American Society
of Nuclear Cardiology 17-segment model of the LV
(12,13). For each patient, the presence or absence of
right ventricular FDG uptake was recorded. FDG ac-
tivity was also quantified by recording the maximum
standardized uptake value (SUV) in the LV myocar-
dium and cervical, axillary, and mediastinal lymph
nodes. The uptake index (UI) was defined as the
product of maximum LV myocardial uptake (SUV) and
the number of LV segments with abnormal uptake.
FDG-PET images were interpreted by a nuclear radi-
ologist who was blinded to clinical information.

Cardiac magnetic resonance (CMR) imaging was
performed using a standardized clinical protocol
during breath hold on a 1.5-T magnetic resonance
system. Late gadolinium enhancement denoting
myocardial scar was determined as previously
described (14).

DEFINITION OF RESPONSE. Clinical and echocar-
diographic response (CR and ER, respectively) was
assessed after 4 to 6 months of IST. CR was defined as
a reduction in New York Heart Association functional
class $I and freedom from ventricular arrhythmias
and heart failure hospitalizations. ER was defined as
an improvement in LVEF of >10% and was assessed
only in patients with an LVEF <50%. Complete re-
sponders had no residual myocardial FDG uptake and



FIGURE 2 Comparison of 18FDG PET-CT Findings in Complete Responders, Partial Responders, and Nonresponders
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Complete responders had higher baseline myocardial and mediastinal FDG uptake compared with partial responders and nonresponders.

SUV ¼ standardized uptake value; other abbreviations as in Figure 1.
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fulfilled both response criteria. Partial responders
fulfilled only 1 response criteria or had residual FDG
uptake. Nonresponders did not fulfill either CR or ER
criteria. Patients who had complete resolution of FDG
uptake without CR or ER were also classified as
nonresponders.

STATISTICAL ANALYSIS. The distribution of data
was assessed using the D’Agostino and Pearson test.
Parametric data were expressed as mean � SD,
whereas non-parametric data were expressed as
median (interquartile range). Continuous variables
were compared using the unpaired Student’s t-test
or Mann-Whitney U test, as appropriate. Fisher
exact test was used to compare categorical vari-
ables. To define the discriminatory power of
continuous variables, receiver-operating character-
istic curves were used to identify the optimal cutoff
point. The optimal cutoff point of significant vari-
ables was calculated by maximizing the sensitivity
and specificity, using the values generated by a
receiver-operating characteristic curve. Variables
with a p value <0.05 in the univariate analysis were
selected for testing in a (backward elimination)
logistic regression model. Variables associated with
a p value <0.05 were retained in the final model.
Sensitivity, specificity, and area under the curve
were evaluated by receiver-operating characteristic
analysis. The Pearson correlation coefficient
was used to assess the relationship between base-
line FDG-PET indexes and the change in LVEF
following immunosuppression. For all analysis, a 2-
tailed p < 0.05 was used to define statistical
significance.

RESULTS

BASELINE PATIENT CHARACTERISTICS. The
following retrospectively analyzed data of the 96
patients were excluded: lack of CMR during baseline
evaluation (n ¼ 3) and repeat 18FDG-PET scan after
immunosuppression (n ¼ 2). The baseline character-
istics of the remaining 91 patients are shown in
Table 1. The study group consisted of middle-aged
(44.9 � 9.1 years) predominantly male patients
(74.7%). In the overall cohort, 64.8% of patients had
LV dysfunction (LVEF <50%). All patients had cervi-
cal, axillary, and/or mediastinal lymph node



TABLE 2 Univariate Analysis: Comparison of Responders and Nonresponders

Univariate Analysis

All Responders
(Complete þ Partial)

(n ¼ 69)

Complete
Responders
(n ¼ 50)

Nonresponders
(n ¼ 22)

Complete Responders vs.
Nonresponders

(p Value)

All Responders vs.
Nonresponders

(p Value)

Demographics

Age (yrs) 44.2 � 9.5 43.5 � 10.1 43.8 � 9.2 0.570 0.676

Male 52 (75.4) 38 (76.0) 16 (72.7) 0.444 0.865

Echocardiographic findings

LV ejection fraction 45.3 � 8.6 44.2 � 7.9 36.1 � 8.3 0.011 0.008

Regional wall motion abnormalities 19 (27.5) 13 (26.0) 6 (27.3) 0.665 0.831

Pulmonary artery systolic pressure 24 (18�29) 26 (19�32) 30 (22�37) 0.232 0.128
18FDG PET findings

Myocardial SUV maximum 7.9 �3.0 8.4 � 2.9 5.3 � 2.1 0.002 0.002

No. of LV segments with abnormal uptake 8.4 � 2.8 9.7 � 3.2 5.0 � 2.3 <0.001 <0.001

Myocardial uptake index 74.3 � 11.8 81.5 � 11.1 26.5 � 6.5 <0.001 <0.001

Right ventricular uptake 8 (11.6) 5 (10.0) 2 (9.1) 0.861 0.821

Lymph nodea SUV maximum 12.2 � 3.8 12.8 � 4.2 8.8 � 3.6 0.009 0.022

Presence of LGE on CMR 58 (84.1) 41 (82.0) 18 (81.8) 0.725 0.501

Values are n (%), mean � SD, or mean (interquartile range). aCervical, axillary, and mediastinal lymph nodes.

CMR ¼ cardiac magnetic resonance; 18FDG PET ¼ 18
fluorodeoxy glucose positron emission tomography; LGE ¼ late gadolinium enhancement; SUV ¼ standardized uptake

value; other abbreviations as in Table 1.
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involvement. There were no significant differences in
clinical presentation, baseline electrocardiography,
and 18FDG-PET between patients with and without LV
dysfunction (Supplemental Table 1).

Overall, beta-blockers and other antiarrhythmic
medications were used by 71 (78.0%) and 64 (70.3%)
patients, respectively. For the treatment of high-
grade atrioventricular block, 9 patients received a
permanent pacemaker, 2 received a CRT-P, and 2
received a dual-chamber ICD. An ICD was implanted
in 2 patients who presented initially with high-grade
atrioventricular block and who developed ventricu-
lar arrhythmias during the same admission. Of the 64
patients with ventricular arrhythmias, 49 and 9
received ICD and CRT with defibrillator therapy,
respectively.
CLASSIFICATION OF RESPONSE TO THERAPY. A
repeat 18FDG-PET CT was done after 5.2 � 0.7 months
TABLE 3 Independent Predictors of Response Following Immunosupp

Complete Respo
vs. Nonrespond

Optimum Cutoff
(ROC analysis) HR (95%

LV ejection fraction >40% 1.54 (1.05

Myocardial uptake index >30 1.27 (1.06

Lymph node SUV maximum >9.5 1.06 (0.95

CI ¼ confidence interval; HR ¼ hazard ratio; ROC ¼ receiver-operating characteristic; ot
following initiation of IST. Among the 91 patients,
54.9%, 20.9%, and 24.2% of patients were classified
as complete and partial responders and non-
responders, respectively (Figure 1). When patients
were stratified by the mode of initial clinical presen-
tation, the response rates were similar (Supplemental
Table 2). In addition, the rates of complete response
(57.1% vs. 50.8%; p ¼ 0.432), partial response (15.6%
vs. 23.7%; p ¼ 0.176), and nonresponse (21.9% vs.
25.4%; p ¼ 0.458) were similar in patients with and
without LV dysfunction. Among patients without LV
dysfunction at baseline, the LVEF improved from 52.1
� 9.5% to 57.5 � 9.1% (p ¼ 0.024) after IST.

Among the 14 partial responders in the subset of
patients with LV dysfunction, 8 (57.1%) had CR
without ER. Two patients with ventricular arrhyth-
mias fulfilled ER and CR criteria but also had residual
FDG uptake, and therefore, were classified as partial
ression

nders
ers

All Responders (Complete þ Partial)
vs. Nonresponders

CI) p Value HR (95% CI) p Value

�3.69) 0.028 1.52 (1.04�3.49) 0.031

�4.12) 0.010 1.29 (1.04�3.98) 0.017

�3.45) 0.211 1.07 (0.90�3.21) 0.316

her abbreviations as in Tables 1 and 2.
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TABLE 4 Prognostic Value of LVEF and Myocardial Uptake Index in Predicting Response to Therapy

Model 1
LVEF >40%

Model 2 Myocardial
Uptake Index >30

Model 3 LVEF >40% and Myocardial
Uptake Index >30

Area under the curve 0.70 0.73 0.85

Sensitivity 79.7 (68.3-88.4) 82.6 (71.6-90.7) 85.5 (75.0-92.8)

Specificity 59.1 (36.4-79.3) 63.6 (40.7-82.8) 86.4 (65.1-97.1)

Positive predictive value 85.9 (78.5-91.1) 87.7 (80.2-92.6) 95.2 (87.3-98.3)

Negative predictive value 48.2 (34.1-62.5) 53.9 (40.1-68.1) 65.5 (51.1-77.5)

Values are % (95% CI).

Abbreviations as in Tables 1 and 3.
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responders. Residual myocardial uptake was present
in in 58.0% and 90.9% of all partial and non-
responders, respectively.

PREDICTORS OF RESPONSE. Complete responders
had a higher myocardial FDG uptake, number of
abnormal LV segments, UI, and lymph node uptake at
baseline, compared with partial and nonresponders
(Figure 2).
FIGURE 3 Correlation of Baseline 18FDG PET-CT Uptake Indexes and
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Univariate analysis (complete responders vs. non-
responders, all-responders [complete þ partial] vs.
nonresponders) revealed that responders had a
higher baseline LVEF and increased FDG uptake
within the myocardium and lymph nodes (Table 2).
Other parameters, including comorbidities, clinical
presentation, baseline electrocardiography, and
treatment were similar between the groups
(Supplemental Table 3).
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CENTRAL ILLUSTRATION Prognostic Value of a High Pre-Treatment 18FDG Uptake
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Subramanian, M. et al. J Am Coll Cardiol Img. 2021;14(10):2008–2016.

A high pre-treatment fluorodeoxyglucose (FDG) myocardial uptake is an independent predictor of response to immunosuppressive therapy (IST). After 5 months of

immunosuppression, the patient on the left, who had a higher baseline myocardial uptake index, had a complete clinical (CR) and echocardiographic response (ER).

The patient on the right had a low pre-treatment FDG uptake and was a nonresponder to immunosuppression with neither CR nor ER. EF ¼ ejection fraction; LV ¼ left

ventricular; NYHA ¼ New York Heart Association; PET ¼ positron emission tomography; VA ¼ ventricular arrhythmia.
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Cox regression analysis identified the following
as independent predictors of response following
immunosuppression: LVEF >40% and myocardial
UI >30. These parameters were significant
predictors when comparing both all responders
and complete responders with nonresponders
(Table 3).

There were 3 nonresponders with no residual FDG
uptake without CR (n ¼ 2) or ER (n ¼ 1). Even if these
patients were classified as partial responders rather
than nonresponders, the results of the univariate and
multivariate analyses would remain unchanged. Both
a LVEF >40% (hazard ratio: 1.45; 95% confidence in-
terval: 1.03 to 3.98; p ¼ 0.032) and UI >30 (hazard
ratio: 1.33; 95% confidence interval: 1.07 to 3.98;
p ¼ 0.008) remained independent predictors of
response in this scenario.
PROGNOSTIC VALUE OF BASELINE 18FDG-PET.

The final model combining these parameters
demonstrated that both LVEF and myocardial UI were
incrementally prognostic compared with models that
used only 1 variable (Table 4).

There was a significant positive linear correlation
between baseline myocardial UIs and change in LVEF
after 4 to 6 months of immunosuppression (Figure 3).
The correlation coefficient was higher for myocardial
UI compared with either myocardial SUV max or
number of abnormal LV segments.

An illustrative example of the prognostic value of a
high baseline myocardial inflammatory burden as a
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predictor of response to IST is shown in the Central
Illustration.

DISCUSSION

The main findings of this study were: 1) LVEF >40%
and baseline FDG myocardial UI >30 were indepen-
dent predictors of CR and ER; and 2) there was a
linear correlation between baseline myocardial in-
flammatory burden and subsequent echocardio-
graphic response following immunosuppression.

The classification of clinical outcomes following
immunosuppression in CS has not been consistent
(3,15). This could be attributed to the heterogenous
nature of the populations (patients with and without
myocardial inflammation) studied and variable
treatment regimens. Other investigators also found
that although steroid treatment was effective for
resolving myocardial inflammation, only a portion of
patients responded to the treatment (16). This
mismatch could be attributed to the presence of
fibrosis and residual inflammation not detectable by
current imaging modalities. Large multicenter ran-
domized trials, such as CHASM CS-RCT (Cardiac
Sarcoidosis Multi-Center Randomized Controlled
Trial), that study both clinical and functional quality
of life outcomes will shed further light on this finding
(17).

Most available data suggest that corticosteroid
therapy is associated with improvement in LVEF in
patients with mild to moderate LV dysfunction and
no improvement in those with severe LV dysfunction
at the time of diagnosis (2,5,6,18). This is consistent
with the findings of this study. The preservation of LV
function appeared to be dependent not only on the
baseline LVEF and early initiation of immunosup-
pression but also on the baseline inflammatory
burden (19). As shown in this study, it appeared that a
high baseline inflammatory burden was a strong
predictor of subsequent ER. A reduction in the in-
tensity and the extent of myocardial inflammation
was also shown to be associated with an improve-
ment in LVEF (20). Patients with severe LV dysfunc-
tion and lower inflammatory burden at baseline
might represent an advanced stage of disease with
increased fibrosis that will not respond to immuno-
suppression. These patients might require early
assessment for advanced heart failure therapies,
including assist devices and transplantation. These
findings suggested LV dysfunction was likely to
improve significantly with IST in patients with high
inflammatory burden at baseline.

Residual inflammatory activity after immunosup-
pression might be a sign of steroid-resistant CS (21).
These patients might benefit from escalation of ste-
roid therapy or corticosteroid-sparing treatment to
increase the likelihood of complete resolution (15).
Because symptoms due to persistent inflammation or
that evolved to scarring might be identical, identifi-
cation of residual activity in partial responders and
nonresponders could help individualize treatment.

Although various quantitative and qualitative
measures of extent and severity of FDG uptake have
been shown to have an incremental prognostic value
in CS, the results have not been reliable (7,22). Rather
than focusing on a single parameter of inflammatory
burden, combining imaging indexes have had a
greater prognostic value (22). In this regard, the novel
myocardial UI combined both SUV maximum and
extent of LV involvement. This combined index
appeared to have a stronger correlation with response
to treatment, although this study was not designed to
test that hypothesis specifically.

STUDY LIMITATIONS. This was a single-center study
with a relatively small sample size. Late gadolinium
enhancement was not quantified on the baseline
CMR scans, and repeat imaging was not performed
after immunosuppression to monitor the late gado-
linium enhancement distribution over time.
Myocardial perfusion imaging was not used to
further characterize areas of scar in this study due to
the incremental cost associated with this investiga-
tion (most of our patients did not have comprehen-
sive insurance coverage). The use of more accurate
quantitative indexes of FDG uptake, such as SUV
volume, might have been preferable in our cohort
(20). Because this was an observational study, the
effects of IST could not be compared with a control
population (in whom IST was not used). Finally, the
role of adjunctive heart failure therapy might be a
confounding factor.

CONCLUSIONS

Increased myocardial FDG uptake in baseline PET
scan is a significant predictor of CR and ER to IST in
patients with CS. Further studies will be required to
validate this finding.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Pre-treatment myocardial inflammatory burden is an

important prognostic marker of response in patients with

CS. Patients with higher baseline FDG uptake have

increased clinical, echocardiographic, and radiological

response.

COMPETENCY IN PATIENT CARE AND PROCE-

DURAL SKILLS: These results support a more detailed

analysis of the extent and severity of FDG uptake in CS

assessment. In addition to clinical outcomes, evaluation

of functional improvement following immunosuppression

is important in assessment of response to therapy in CS.

TRANSLATIONAL OUTLOOK: Early identification of

patients with CS who are nonresponders to immunosup-

pression can help individualize further treatment

strategies.
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