
of July 29, 2025.
This information is current as

Therapy
-TargetedBRAFCarcinoma following 

ThyroidAnaplastic and Poorly Differentiated 
F]-FDG Uptake as a Marker of Residual18[

Khalaf
Dadu, Priyanka Iyer, Mark E. Zafereo and Alexander M. 
Maniakas, Maria E. Cabanillas, Naifa L. Busaidy, Ramona
Rui Wang, Xiao Zhao, S. Mohsen Hosseini, Anastasios 
Samir A. Dagher, Kim O. Learned, Richard Dagher, Jennifer

http://www.ajnr.org/content/46/6/1260
https://doi.org/10.3174/ajnr.A8588doi: 

2025, 46 (6) 1260-1267AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
https://doi.org/10.3174/ajnr.A8588
http://www.ajnr.org/content/46/6/1260


ORIGINAL RESEARCH
HEAD AND NECK IMAGING

[18F]-FDG Uptake as a Marker of Residual Anaplastic and
Poorly Differentiated Thyroid Carcinoma following

BRAF-Targeted Therapy
Samir A. Dagher, Kim O. Learned, Richard Dagher, Jennifer Rui Wang, Xiao Zhao, S. Mohsen Hosseini, Anastasios Maniakas,

Maria E. Cabanillas, Naifa L. Busaidy, Ramona Dadu, Priyanka Iyer, Mark E. Zafereo, and Alexander M. Khalaf

ABSTRACT

BACKGROUND AND PURPOSE: Neoadjuvant BRAF-directed therapy and immunotherapy followed by surgery improves survival in
patients with BRAFV600E-mutant anaplastic thyroid carcinoma (ATC), more so in those who have complete ATC pathologic response.
This study assesses the ability of FDG-PET to noninvasively detect residual high-risk pathologies including ATC and poorly differen-
tiated thyroid carcinoma (PDTC) in the preoperative setting.

MATERIALS AND METHODS: This retrospective, single-center study included consecutive BRAFV600E-mutant patients with ATC
treated with at least 30 days of neoadjuvant BRAF-directed therapy and who underwent FDG-PET/CT within 30 days before surgery.
The highest pathologic grade observed for every head and neck lesion resected was recorded. Each lesion on preoperative PET/CT
was retrospectively characterized. The primary end point was to contrast the standardized uptake normalized by lean body mass
(SULmax) for lesions with residual high-risk (ATC, PDTC) versus low-risk pathologies (papillary thyroid carcinoma, negative). An opti-
mal SULmax threshold was then identified by using a receiver operating characteristic analysis, and the ability of this threshold to
noninvasively and preoperatively risk-stratify patients by overall survival was then evaluated with a Kaplan-Meier plot.

RESULTS: Thirty patients (mean age 66.5 6 9.0; 17 men) were included in this study, with 94 surgically sampled lesions. Of these
lesions, 57 (60.6%) were low-risk (39 negative, 18 papillary thyroid carcinoma) and 37 (39.4%) were high-risk (29 ATC, 8 PDTC). FDG
uptake was higher for high-risk compared with low-risk pathologies: median SULmax 5.01 (interquartile range [IQR] 2.81–10.95) versus
1.29 (IQR 1.06–3.1) (P , .001, Mann-Whitney U test). The sensitivity, specificity, and accuracy for detecting high-risk pathologies at
the optimal threshold of SULmax$2.75 were 0.784 [95% CI, 0.628–0.886], 0.702 [95% CI, 0.573–0.805], and 0.734 [95% CI, 0.637–
0.813], respectively. Patients with at least 1 high-risk lesion identified with the aforementioned cutoff had a worse prognosis com-
pared with patients without high-risk lesions in the head and neck: median overall survival for the former group was 259 days and
was not attained for the latter (P ¼ .038, log-rank test).

CONCLUSIONS: Preoperative FDG-PET noninvasively identifies lesions with residual high-risk pathologies following neoadjuvant
BRAF-directed targeted therapy and immunotherapy for BRAF-mutated ATC. FDG-PET avidity may serve as an early prognostic
marker that correlates with residual high-risk pathology in BRAF-mutated ATC after neoadjuvant therapy.

ABBREVIATIONS: ATC ¼ anaplastic thyroid carcinoma; IQR ¼ interquartile range; OS ¼ overall survival; PDTC ¼ poorly differentiated thyroid carcinoma;
PTC ¼ papillary thyroid carcinoma; ROC ¼ receiver operating characteristic; SUL ¼ standardized uptake value normalized by lean body mass

Anaplastic thyroid carcinoma (ATC) is rare among thyroid-
derived tumors, representing only 1.7% of all thyroid cancer

diagnoses in the United States.1 Despite this rarity, it is responsi-
ble for approximately one-half of all thyroid cancer-associated

deaths. All ATCs are categorized as stage IV at the time of diag-

nosis regardless of disease extent, because of their aggressive and

rapidly progressive clinical behavior. ATC arises from thyroid

follicular cells and is thought to occur either in isolation or from

malignant transformation of more differentiated thyroid carcino-

mas. The latter is supported by previous research showing that

most ATCs arise concurrently or in patients with histories of dif-

ferentiated thyroid carcinomas, most commonly papillary thyroid

carcinoma (PTC), followed by poorly differentiated thyroid carci-

noma (PDTC).2 PDTC is considered an intermediate grade

between the well-differentiated thyroid carcinomas (eg, PTC)

and ATC, which itself has a broader spectrum of patient
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outcomes, but which does include aggressive disease courses, as is

suggested by the 22.3% rate of distant metastases and a median

survival of 3.8 years.3

The treatment of ATC has dramatically changed over the past
decade, with the introduction of BRAF/MEK inhibitor therapy,
which is effective in the approximately 40% of patients with
ATC with tumor expression of a BRAFV600E mutation.4 In 2018,
the FDA approved the BRAF inhibitor, dabrafenib, in combina-
tion with the MEK inhibitor, trametinib, for the treatment of
locally advanced or metastatic BRAFV600E-mutant ATC.5 Per
the American Thyroid Association guidelines and the 2024
Facilitating Anaplastic Thyroid Cancer Specialized Treatment
Multidisciplinary Group Consensus Statement, those patients
demonstrating favorable treatment response to this regimen can
then be considered for consolidative local therapy to control re-
sidual sites of macroscopic disease.6 This new paradigm has in
part contributed to the markedly improved survival of patients
with ATC, with prior research from our institution reporting a
35% 1-year survival in patients presenting from 2000–2013,
increasing to 59% for those presenting from 2017�2019.7 A
more recent study demonstrated a 93.6% 1-year survival in
patients treated with BRAF/MEK inhibitors before surgery, com-
pared with 74.1% in those treated with surgery alone, and 38.5%
in those without surgery.8 Most patients in this study had also
received pembrolizumab, an immune checkpoint inhibitor that
significantly prolonged survival according to another recent study
by the same group.9

After a neoadjuvant course of dabrafenib and trametinib with
or without immunotherapy, consolidative therapy most com-
monly takes the form of surgical resection. The goal of surgery is
to resect all neoplastic disease irrespective of histopathology, and
for which diagnostic imaging can be valuable in identifying resid-
ual tumor. Pretreatment full body imaging with FDG-PET/CT,
and/or diagnostic CT or MRI is currently recommended to estab-
lish an imaging baseline,6,10,11 but no formal guidelines or stand-
ard of care have been established regarding the use of imaging
both during and following this neoadjuvant course. Because ATC
is known to be the most reliably FDG-avid thyroid cancer type

because of its aggressive high-grade histology, FDG-PET/CT has
emerged as a potential arbiter for sites of residual tumor in
patients treated with BRAF-directed therapies.12 In conjunction
with anatomic imaging, sites of qualitatively elevated FDG uptake
currently help surgeons decide on their planned approach and
scope of resections with the assumption that these sites represent
residual tumor. However, limited research has been undertaken
to formally assess the reliability of FDG-PET in diagnosing the
histologic presence of residual ATC, and no research to our
knowledge has addressed this in the context of neoadjuvant
BRAF-directed therapy and immunotherapy. Therefore, the pur-
pose of this study was to quantitatively evaluate the ability of
FDG-PET to correctly diagnose sites of residual ATC and PDTC
after BRAF-directed therapy and immunotherapy, and secondar-
ily to assess how postneoadjuvant FDG uptake may be associated
with patient survival.

MATERIALS AND METHODS
Patient Selection
This is a single-center, Health Insurance Portability and Account-
ability Act–compliant, institutional review board-approved retro-
spective cohort study with a waiver of informed consent. The
study included consecutively sampled adult patients 1) with bi-
opsy-proved BRAFV600E-mutant ATC, 2) who underwent surgical
resection between January 2017 and July 2023 after at least 30 days
of neoadjuvant combined BRAF/MEK-directed therapy with or
without immunotherapy, and 3) who underwent FDG-PET/CT
within 30 days before surgery. The latter was intended to ensure
the pathologic diagnosis at the time of the scan closely resembles
the pathologic state at the time of surgery. BRAF-directed therapy
consisted of dabrafenib, vemurafenib, encorafenib, or sorafenib
while MEK-directed therapy included trametinib, cobimetinib,
binimetinib, or selumetinib. Immunotherapy consisted of mono-
clonal antibodies targeting PD-1 or PD-L1 checkpoint proteins
such as pembrolizumab or atezolizumab. The ensuing article
adheres to the Standards for Reporting of Diagnostic Accuracy
Studies checklist for diagnostic accuracy studies (Supplemental
Data).13

SUMMARY

PREVIOUS LITERATURE: BRAFV600E-mutant ATCs are now treated with BRAF/MEK-directed therapy before consolidative surgery.
This new paradigm has contributed to the improved survival of this patient subpopulation. ATCs are known for their aggressive-
ness, and high FDG avidity. In some patients, anaplastic foci may coexist with different pathologies such as PDTC and PTC.
However, the role of FDG-PET/CT in assessing sites of residual disease, discriminating different histopathologies, and predicting
patient outcomes after neoadjuvant targeted therapy remains poorly understood.

KEY FINDINGS: High-risk lesions (ATC, PDTC) exhibit significantly higher FDG uptake than low-risk lesions (PTC, negative), with an
optimal standardized uptake normalized by lean body mass threshold of 2.75 achieving a sensitivity¼ 0.784 [95% CI, 0.628–
0.886] and specificity¼ 0.702 [95% CI, 0.573–0.805]. Patients harboring a single high-risk lesion on preoperative FDG-PET/CT
have a worse prognosis with a median overall survival ¼ 259 days.

KNOWLEDGE ADVANCEMENT: In patients with BRAFV600E-mutant ATC who underwent neoadjuvant BRAF-targeted therapy, FDG
uptake reasonably identifies sites of residual high-risk pathologies that negatively impact patient outcomes. Preoperative FDG-
PET/CT could thus assist in surgical planning and predicting.

AJNR Am J Neuroradiol 46:1260–67 Jun 2025 www.ajnr.org 1261



Molecular Imaging Protocol
Participants were required to fast for at least 4 hours before radio-
tracer injection. Baseline blood glucose levels were measured to
confirm values remained below 200 mg/dL. Injected doses of
FDG-PET/CT ranged from 7–12 mCi and were administered
intravenously through an 18- to 24-gauge intravenous catheter
followed by a 20 mL saline flush. Pre- and postadministration of
the radiotracer, patients were isolated in a quiet, dim environ-
ment and advised to minimize speaking, movement, and expo-
sure to other stimulatory activities. The interval between the
administration of the radiotracer and the onset of image acquisi-
tion was approximately 60minutes. PET scans were conducted
with the patient in a single bed position, focusing on the neck as
well as the whole body (from skull base to midthighs) utilizing

3D and TOF techniques, with contem-
poraneous low-dose noncontrast CT
performed for attenuation correction.
Additional parameters included a 10-
minute static image acquisition phase,
a matrix of 256 � 256, and a diagonal
FOV of 30 cm.

Clinical, Pathologic, and Imaging
Data
Demographic and clinical characteris-
tics were retrospectively extracted from
electronic medical records, including
age, sex, neoadjuvant treatment course,
and survival data. Postoperative pathol-
ogy reports were also extracted from
patient charts. Of note, pathologic
assessment was performed on standard
hematoxylin and eosin–stained surgical
specimens by board-certified patholo-
gists. The detailed anatomic location of
each resected lesion was recorded from
the pathology reports as follows. For
the resected primary thyroid mass, the
laterality, as well as the anatomic struc-
ture(s) abutted or invaded in the patho-
logic sample (eg, internal carotid,
sternocleidomastoid, strap muscles, tra-
cheal wall, laryngeal cartilages, esopha-
gus, or manubrium) were recorded.
For each lesion sampled from lymph
node groups, the total number of
lymph nodes examined, the number of
lymph nodes positive for tumor, the
laterality of the lymph node group, and
the group level as per Robbins et al14

were recorded. The latter classification
scheme has been adopted by all neuro-
radiologists, head and neck surgeons,
and pathologists at our institution. In
some cases, the primary thyroid mass
was confluent with adjacent metastatic
adenopathy, and thus these were

grouped together as a single lesion on the pathology report and
in our analysis. The highest pathologic grade corresponding to
each of these lesions was noted as a multilevel categoric variable:
no tumor, PTC, PDTC, or ATC.

Each lesion as defined above was then retrospectively corre-
lated to the preoperative FDG-PET/CT by a dual-board-certified
neuroradiologist and nuclear medicine physician with the aid of a
research associate. To increase the confidence of correctly corre-
lating lesions from the surgical pathology reports to those on the
preoperative FDG-PET/CT, operative reports for each case as
well as contemporaneous anatomic imaging (ie, diagnostic CT
and MRI) were consulted. This correlation is illustrated in Fig 1.
Each lesion was subsequently segmented by using the PETEdge1
tool of MIM Software Version 7.2 (MIM Software), and its

FIG 1. Correlation between pathology report and preoperative FDG-PET/CT in a 53-year-old
female patient with ATC stage IVB, status post 3.5months of neoadjuvant dabrafenib/trameti-
nib. A, Lymph node cluster contoured in green, labeled as “Neck, left level IIB, dissection: 4
lymph nodes, negative for tumor (0/4)” on the pathology report. B, Lymph node cluster con-
toured in purple, labeled as “Neck, left level III, dissection: metastatic anaplastic thyroid carci-
noma in 1 of 12 lymph nodes (1/12); tumor size of 1.5 cm with no extranodal extension” on the
pathology report. C, Lymph node cluster contoured in yellow, labeled as “Neck, right level III,
dissection: 4 lymph nodes, negative for tumor (0/4)” on the pathology report. D, Thyroid tissue
contoured in bright blue, labeled as “Thyroid, total thyroidectomy: extensive treatment effect
with complete response; exuberant lymphocytic thyroiditis and follicular atrophy with few
remaining thyroid follicles” on the pathology report.
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maximum standardized uptake value normalized by lean body
mass (SULmax) was recorded. Normalization by lean body mass
was used to enhance the accuracy and comparability of FDG
uptake measurements in our cohort of patients with heterogene-
ous body compositions.15,16 In accordance with the PET
Response Criteria in Solid Tumors guidelines developed by Wahl
et al,17 the liver SULmean uptake was used as an internal refer-
ence to compare against anatomic imaging sites/surgical pathol-
ogy samples. If these sites had uptake above liver SULmean, their
uptake parameters were collected for analysis, but if their uptake
was below liver SULmean, they were imputed with the SULmean
of the carotid artery so as to most accurately reflect background
metabolic activity in the neck.

Statistical Analysis
Qualitative and quantitative variables were summarized with
their frequency (percent) and median (interquartile range [IQR]),
respectively. The primary end point of this study was to contrast
SULmax for lesions with residual high-risk (ATC, PDTC) versus
low-risk pathologies (PTC, negative) by using the Mann-
Whitney U test. These pathologies were grouped as such due to
their overlap in clinical outcomes and previous research demon-
strating comparable FDG avidity.12,18,19 As part of an exploratory
analysis, the Kruskal-Wallis test followed by Dunn test with
Bonferroni adjustment were conducted to compare the distribu-
tions of SULmax across all 4 pathologic assessments. The dis-
criminative ability of SULmax was then evaluated with a receiver
operating characteristic (ROC) analysis and the area under the
curve was computed. Confusion matrices were generated at vari-
ous SULmax thresholds, including the optimal threshold with the
highest Youden index (sensitivity 1 specificity � 1) and the sen-
sitivity, specificity, and accuracy were derived for each of these
cutoffs.20,21 These results were examined in conjunction with a
board-certified head and neck surgeon to identify a clinically
meaningful SULmax threshold maximizing the sensitivity of
detection of residual, high-risk pathologies before consolidative
surgery. Finally, a Kaplan-Meier analysis was utilized to explore
the association between preoperative SULmax and overall sur-
vival (OS). OS was defined as the time interval between surgery
and death with right-censoring at last documented follow-up.

Data analysis was conducted on SPSS
Version 29.0 (IBM), and level of signifi-
cance was set at .05.

RESULTS
Patient Characteristics
Of 55 potentially eligible BRAFV600E-
mutant ATC patients being treated at
our institution between January 2017
and July 2023 who received preopera-
tive FDG-PET/CT, 25 were excluded
due to their preoperative PET examina-
tion being more than 30days before
their surgical resection date, resulting
in 30 patients being included in this
study. The mean age was 66.5 6

9.0 years (range 46.7–79.7), and 17 patients (56.7%) were men.
Fifteen patients (50.0%) had stage IVB disease while 50.0% had
stage IVC disease. Twenty-eight of 30 (93.3%) patients received
immunotherapy before and/or after surgery with pembrolizumab
(25/28, 89.3%) or atezolizumab (3/28, 10.7%). The median dura-
tion of neoadjuvant BRAF/MEK inhibitor treatment was
103.5 days (IQR 79.8–196.5). The median time from preoperative
FDG-PET/CT acquisition and surgery was 7.0 days (IQR 3.5–
18.3). Among the 94 surgically sampled lesions, 29 (30.9%) had
residual ATC, 8 lesions (8.5%) had PDTC, 18 (19.1%) had PTC,
and 39 (41.5%) did not have histopathologic evidence of residual
thyroid carcinoma. The baseline characteristics of our cohort are
summarized in Table 1.

FDG Uptake and Thyroid Cancer Subtype
Among the 94 surgically sampled lesions, 37 (39.4%) harbored a
high-risk histopathologic subtype while 57 (60.6%) did not and
were considered low-risk lesions. There was no significant associ-
ation between the duration of targeted therapy and preoperative
FDG-uptake for all lesions (Kendall t -b¼ 0.089, P ¼ .228). The
median SULmax for high-risk lesions was 5.01 [IQR 2.81–10.95].
This was significantly different from the median SULmax for
low-risk lesions equal to 1.29 [IQR 1.06–3.1] (P , .001, Mann-
Whitney U test). The distributions of SULmax values for each
risk group are illustrated in Fig 2. Additionally, there was a signif-
icant difference between the median SULmax for all cancer types
grouped together, which was 4.32 [IQR 1.94–10.84], and the me-
dian SULmax at sites of no residual tumor, which was 1.22 [IQR
1.04–2.54] (P , .001, Mann-Whitney U test). Although the dis-
tribution of SULmax values differed across all 4 histopathologic
diagnoses (P , .001, Kruskal-Wallis test), post hoc comparisons
only revealed a significant difference in median SULmax values
between lesions containing residual ATC and those without re-
sidual tumor (adjusted P , .001). The distributions of SULmax
values for each histopathologic diagnosis are shown in Fig 3 and
representative cases are displayed in Fig 4.

Threshold Analysis
The ROC curve in Fig 5, which illustrates the trade-off between
sensitivity and specificity across a range of SULmax thresholds,
revealed an area under the curve of 0.793 [95%, CI, 0.702–0.884].

Table 1: Baseline characteristics for BRAFV600E-mutant patients with ATC (n=30)
Baseline Characteristic Summary Statistic

Age at surgery, mean (standard deviation) 66.5 (9.0)
Sex, frequency (percent)

Men 17 (56.7%)
Women 13 (43.3%)

AJCC Eighth Edition stage,30 frequency (percent)
IVB 15 (50.0%)
IVC 15 (50.0%)

Days of neoadjuvant BRAF/MEK inhibitor therapy, median (IQR) 103.5 (79.8–196.5)
Immunotherapy before and/or after surgery, frequency (percent) 28 (93.3%)

Pembrolizumab 25 (89.3%)
Atezolizumab 3 (10.7%)

Surgically sampled lesions with known pathology
Low risk (no tumor, PTC) 57 (60.6%)
High risk (PDTC, ATC) 37 (39.4%)

Note:—AJCC indicates American Joint Committee on Cancer Classification.
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The point on the ROC curve with the highest Youden index equal
to 0.486 was used to identify the optimal SULmax cutoff for the
preoperative identification of high-risk versus low-risk lesions.
This threshold was equal to 2.75 and had a sensitivity, specificity,
and accuracy of 0.784 [95% CI, 0.628–0.886], 0.702 [95% CI,
0.573–0.805], and 0.734 [95% CI, 0.637–0.813], respectively. In
an attempt to provide a more clinically meaningful threshold that
would prioritize sensitivity over specificity to rule out high-risk
lesions, we identified an SULmax cutoff of 1.36 yielding a sensi-
tivity of 0.919 [95% CI, 0.787–0.972], but with a reduced specific-
ity and accuracy of 0.544 [95% CI, 0.416–0.666] and 0.691 [95%
CI, 0.592–0.776], respectively. Contingency tables corresponding
to the optimal and clinically meaningful thresholds are available
in Tables 2 and 3.

Survival Analysis
At the end of data collection (March 9, 2024), the median postop-
erative follow-up time was 433 days (IQR 229.3–1403.8). Patients

with at least 1 high-risk lesion on histo-
pathologic examination had a worse
prognosis compared with patients
without high-risk lesions. The median
OS for the former group was 257days
and was not attained for the latter (P ¼
.004, logrank test). In fact, 81.8% of
patients (9/11) without a high-risk lesion
on pathology were alive at the time of
follow-up. Similarly, patients with lesions
demonstrating an SULmax$2.75 (i.e.
the previously identified optimal cutoff
to identify high-risk lesions) did worse
than those with uptake below this
threshold on FDG-PET/CT. The me-
dian OS for the former group was
259 days and was not attained for the
latter (P ¼ .038, log-rank test). More-
over, 75.0% of patients (6/8) without a
lesion with SULmax $2.75 survived at
the end of follow-up. Kaplan-Meier
curves illustrating OS based on patho-
logic assessment and FDG uptake are
illustrated in Fig 6.

DISCUSSION
The results from this study demon-
strate the value of FDG-PET in evaluat-
ing for sites of residual PDTC and
ATC tumors. These histologies were
grouped due to their similarly poor
long-term survival outcomes relative to
PTC, and previous research demon-
strating relatively elevated FDG avid-
ity.12,19 SULmax values were found to
be significantly different between higher-
risk (ATC, PDTC) and lower-risk histol-
ogies (PTC and negative). For optimal
accuracy an SULmax threshold of$2.75

could identify residual ATC and PDTC with a sensitivity of 78.4%
and a specificity of 70.2%, and with an overall accuracy of 73.4%
(Youden index 0.49). In the pursuit of maximizing sensitivity an
SULmax threshold of$1.36 could localize residual PDTC and
ATC with a sensitivity of 91.9%, but with a degraded specificity of
only 54.4%. Notably an SULmax of 1.36 is largely within range of
minimally avid physiologic head and neck soft tissue, and thus such
a threshold would require essentially any tissue with uptake above
background to be regarded with suspicion.

The Kruskal-Wallis post hoc pair-wise comparisons of FDG
uptake yielded no significant difference in the median SULmax
values when ATC, PDTC, and PTC were individually compared
with one another, but with a significant difference noted between
ATC and sites negative for all tumor types. ATC is known from
prior research to exhibit the highest GLUT1 transporter expres-
sion and associated FDG uptake among thyroid neoplasms, mak-
ing this an overall expected finding.12 However, this study
furthers the understanding of the FDG-PET behavior of ATC by

FIG 2. Boxplots illustrating the distribution of SULmax values by pathologic risk. High-risk lesions
include anaplastic and PDTC thyroid carcinoma, and low-risk lesions include PTCs and those
without residual tumor.

FIG 3. Boxplots illustrating the distribution of SULmax values across all 4 pathologic grades.
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demonstrating its persistent FDG
avidity after BRAF-directed therapy
and emphasizing its potential value in
treatment planning after neoadjuvant
therapy.

The lack of a significant difference
in median SULmax between PTC and
negative sites is compatible with previ-
ously shown more variable FDG avidity
of PTC, ranging from absent to high
uptake above background, and which is
especially avid in radioactive iodine
negative tumors.22,23 Moreover, the
FDG uptake variability of PTC is quali-
tatively corroborated by the overlap in
SULmax boxplots among ATC, PDTC,
and negative sites as seen in Fig 3. The
goal of surgical resection after neoadju-
vant BRAF-directed therapy is largely
to resect all sites of residual tumor,
regardless of pathologic type. Conse-
quently, while this investigation sup-
ports the use of FDG-PET in localizing
residual ATC and PDTC, it is unlikely
to confidently identify all sites of resid-
ual PTC based on our findings.
Accurately localizing the latter will

likely require additional imaging modalities, including dedi-
cated contrast-enhanced neck CT and/or radioactive iodine
SPECT/CT.

The degree of FDG uptake at baseline and in follow-up of
recurrent thyroid cancer has been shown to be associated with
OS, likely largely driven by the underlying histologic type.24–27

Given the aforementioned results demonstrating FDG-PET
uptake as a useful identifier of residual high-risk pathologies, it
was hypothesized that the degree of FDG uptake after BRAF-
directed therapy could correspondingly demonstrate an associa-
tion with OS. When patients were dichotomized into those with
lesions showing uptake above and below the identified optimal
threshold of 2.75 SULmax from the ROC analysis, a statistically
significant difference in the survival curves was observed with
patients with lesions with SULmax$2.75 showing worse OS.
This added prognostic information may prove valuable to oncol-
ogists and surgeons as they weigh management options, includ-
ing proceeding with surgical resection, continuing with another

FIG 4. Representative cases for each of the 4 pathologic grades, illustrated with corresponding axial
fusion FDG-PET/CT images, uniformly windowed across all studies. A, 66-year-old male patient with
ATC stage IVB, status post 1 year of neoadjuvant dabrafenib/trametinib. Preoperative FDG-PET/CT
shows a hypermetabolic right paratracheal lesion (purple) with an SULmax¼ 8.44. Postoperative pa-
thology of this lesion revealed residual ATC. B, Same patient with prominent right level IV lymph
node (bright blue) and low FDG uptake (SULmax¼ 1.58), which is negative for residual tumor on
surgical pathology. C, 70-year-old female patient with ATC stage IVB, status post 16months of neo-
adjuvant dabrafenib/trametinib. The right thyroid lobe lesion (yellow) on preoperative FDG-PET/CT
has an SULmax of 4.92 and harbors PDTC cells on surgical specimen. D, 72-year-old male patient
with ATC stage IVC, status post 5months of neoadjuvant dabrafenib/trametinib. The prominent
right level IV lymph node (green) on preoperative FDG-PET/CT has an SULmax of 3.12 and harbors
residual PTC cells on biopsy.

FIG 5. ROC curve for the preoperative classification of lesions as
high-risk or low-risk demonstrates an area under the curve of 0.793
[95% CI, 0.702–0.884], indicating acceptable performance of the
SULmax-based classifier. An optimal SULmax threshold of 2.75 is iden-
tified and can identify high-risk lesions with a sensitivity, specificity,
and accuracy of 0.784 [95% CI, 0.628–0.886], 0.702 [95% CI, 0.573–
0.805], and 0.734 [95% CI, 0.637–0.813], respectively. A clinically mean-
ingful cutoff of 1.36 is also identified to prioritize a higher sensitivity
0.919 [95% CI, 0.787–0.972] at the expense of the specificity and accu-
racy (0.544 [95% CI, 0.416–0.666] and 0.691 [95% CI, 0.592–0.776],
respectively). Of note, the latter threshold falls within the physiologic
range of background soft tissue uptake in the head and neck.

Table 2: Predicted pathology risk group on FDG-PET/CT by
using the optimal SULmax cutoff of 2.75

Actual Pathology
Risk Group

High-Risk Low-Risk Total
Predicted pathology High-risk 29 17 46
Risk group Low-risk 8 40 48

Total 37 57 94

This cutoff can identify high-risk lesions with a sensitivity, specificity, and accu-
racy of 0.784 [95% CI, 0.628–0.886], 0.702 [95% CI, 0.573–0.805], and 0.734 [95%
CI, 0.637–0.813], respectively.
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course of BRAF-directed therapy, or pursuing alternative pallia-
tive chemotherapy and/or radiation therapy options.

Patients with ATC harboring non-BRAF mutations that also
have available targeted therapies, such as ALK fusions and

ceritinib or RET fusions and selpercatinib, are also recommended
to undergo neoadjuvant courses before surgery according to the
latest guidelines from the American Thyroid Association.11 A
limited number of case reports have looked at nonthyroid solid
tumors with these mutations, and found FDG avidity at residual
sites of disease following neoadjuvant treatment courses.28,29

However, to our knowledge no investigations have addressed this
question in the setting of thyroid cancer. Further research will be
required to confirm the role of FDG-PET in localizing residual
sites of disease in patients with ATC after treatment with these
other types of targeted neoadjuvant therapies and in the setting of
BRAF-wild-type ATC.

This study is in part limited by the predetermined 30-day
maximum interval between patient presurgical FDG-PET/CT
and their surgical resection date, above which patients were not

included in the study. This criterion
was selected so that the underlying
pathologic state (eg, residual ATC tu-
mor) at the time of the FDG-PET/CT
most closely resembled the pathology
results at the time of surgery. Of the 30
patients included in this study, the
maximum recorded interval between
FDG-PET/CT and surgery was 23 days.
It is possible that this window intro-
duced some degree of pathologic dis-
cordance, which may have impacted the
results of this investigation. The clinical
courses of the included patients in this
study were also somewhat heterogene-
ous, including variable rates of surgeries
and other chemotherapy regimens pre-
ceding BRAF-directed therapy, and vari-
able durations of neoadjuvant BRAF-
directed therapy. These nonuniformities
may have exerted uncertain influences
on the outcomes of this investigation.
Although meticulous review and correla-
tion of FDG-PET/CT findings with
operative/pathology reports was per-
formed, in the absence of intraoperative
imaging it is not possible to ensure com-
plete concordance between the patho-
logic specimens and the recorded FDG
uptake values. Finally, the small sample
size precluded adjustment for potential
confounders such as with a multivariate
Cox proportional hazards regression
analysis.

CONCLUSIONS
This study evaluates the performance
of FDG-PET/CT in assessing for resid-
ual high-risk histologic subtypes ATC
and PDTC after BRAF-directed therapy
and immunotherapy. Clinicians can
use the degree of FDG uptake, in

Table 3: Predicted pathology risk group on FDG-PET/CT by
using the clinically meaningful SULmax cutoff of 1.36

Actual Pathology
Risk Group

High-Risk Low-Risk Total
Predicted pathology High-risk 34 26 60
Risk group Low-risk 3 31 34

Total 37 57 94

Note:—This cutoff can identify high-risk lesions with a sensitivity, specificity, and
accuracy of 0.919 [95% CI, 0.787–0.972], 0.544 [95% CI, 0.416–0.666], and 0.691
[95% CI, 0.592–0.776], respectively.

FIG 6. Kaplan-Meier curves comparing OS in patients with at least 1 high-risk lesion versus no
high-risk lesion in the head and neck based on pathology results and FDG uptake. A, When path-
ologic risk group is determined via histopathologic assessment of surgically sampled specimens,
median OS is 257 days for patients with at least 1 high-risk lesion versus not attained in patients
with no high-risk lesions (P ¼ .004, log-rank test). The right-censored cumulative survival for the
latter group at the end of follow-up was 81.8% (9/11). B, When SULmax of 2.75 is used as a proxy
for high-risk lesions, median OS is 259 days for patients with at least 1 lesion with SULmax$2.75
versus not attained in patients without lesion with SULmax$2.75 (P ¼ .038, log-rank test) The
right-censored cumulative survival for the latter group at the end of follow-up was 75.0% (6/8).
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conjunction with other factors, to assess the probability that an
anatomic site harbors residual tumor, but with the recognition
that sites of lower-grade tumor (ie, PTC) may be missed. Despite
the latter constraint, FDG-PET/CT can still serve as an effective
clinical tool to guide patient management, including planning the
extent of surgical resections and predicting prognosis.

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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