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Tumor Grade Predicts for Calcitonin Doubling Times
and Disease-Specific Outcomes After Resection
of Medullary Thyroid Carcinoma

Aradhya Nigam,' Bin Xu? Philip M. Spanheimer? lan Ganly,' R. Michael Tuttle,* Richard J. Wong,
Ashok R. Shaha,' Ronald A. Ghossein? and Brian R. Untch’

Background: Tumor grade is a new validated prognostic factor for medullary thyroid cancer (MTC). Calcitonin
doubling time can predict MTC recurrence. We aimed to describe the association of tumor grade with calcitonin
doubling and its effect on disease-specific outcomes times after resection.

Methods: A retrospective analysis of MTC patients who underwent resection at a single tertiary-care cancer
center between 1986 and 2017 were evaluated. Tumors were designated as high-grade MTC if two head and
neck pathologists identified mitotic index >5 per 2 mm?, tumor necrosis, or a Ki67 proliferative index >5%
within the tumor. Calcitonin doubling time was calculated using a validated calculator with at least three
consecutive levels. Using Cox proportional hazards models, outcomes evaluated included locoregional relapse-
free survival (LRFS), distant metastasis-free survival (DMFS), and overall survival (OS).

Results: Among 117 patients, 95 were low grade and 22 high grade. Median follow-up was 70.2 months. High-
grade patients demonstrated significantly faster calcitonin doubling times when compared with low-grade
patients (8.51£3.22 months vs. 38.42+ 11.19 months; p <0.001). In addition, most high-grade patients (66.7%)
had calcitonin doubling times less than 1 year compared with fewer low-grade patients (1.0%; p <0.001). High-
and low-grade patients were further stratified by those who had calcitonin doubling times less than or greater
than 2 years—a previously validated prognostic cutoff point. For patients with calcitonin doubling times less
than 2 years, 70% were high grade, while 30% were low grade (p <0.001). On multivariate analysis comparing
grade and calcitonin doubling times, high-grade patients had significantly worse LRFS (hazards ratio [HR] 4.77
[confidence interval; CI 1.19-8.81]), DMFS (HR 7.25 [CI 2.36-22.28]), and OS (HR 6.04 [CI 1.85-19.72];
p <0.05 for all), while calcitonin doubling times less than 2 years had worse DMFS (HR 7.22 [CI 1.05-49.75]).
High-grade patients with calcitonin doubling times less than 2 years had associated worse LRFS and OS (both
p <0.05) compared with low-grade patients.

Conclusions: The majority of high-grade MTC patients have calcitonin doubling times less than 2years. Close
monitoring should be advocated for patients assessed to have high-grade tumors as they are at risk for poor
disease-specific outcomes and structural recurrence.
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Introduction

MEDULLARY THYROID CANCER (MTC) is a neuroendo-
crine tumor that originates from parafollicular calci-
tonin producing cells of the thyroid.! While some MTCs are
aggressive tumors and others more indolent, surgical resec-
tion remains the only treatment modality that can be cura-
tive.>® Factors associated with worse prognosis have
included age, nodal status, stage three disease, vascular in-
vasion, and calcitonin levels.*”” Recently, our group estab-
lished a grading system based on mitotic rate and tumor
necrosis that also demonstrated associations with disease-
specific outcomes.® Subsequently, an international grading
system demonstrating enhanced prognostic predictability
was established using mitotic rate, Ki-67 proliferation rate,
and necrosis.” The two-tiered grading system classified MTC
as either low- or high-grade with the latter associated with
worse local recurrence, distant metastatic recurrence, and
survival.

Calcitonin levels are validated biomarkers to assess MTC
recurrence.'!" In the postoperative setting, persistently high
calcitonin levels suggest recurrent or residual disease.'? Si-
milarly, trending of biomarker levels and calculation of cal-
citonin and carcinoembryonic antigen (CEA) doubling times
have been promoted for detection of tumor recurrence and
have correlated with disease-specific outcomes.'>'* A cal-
citonin doubling time of less than 2 years has been recognized
as a prognostic cutoff point predictive of worse local and
distant recurrence.

More recently, calcitonin doubling times have been used to
monitor patients with advanced MTCs being treated with
RET inhibitors.!>!® As a result, the American Thyroid As-
sociation (ATA) guidelines advocate for the measurement of
calcitonin levels every 6 months to determine respective
doubling times (Grade B recommendation).” While both
have demonstrated an association with disease progression,
the impact of grade on calcitonin doubling times could fur-
ther characterize MTCs and identify patients at higher risk of
recurrence and deserving of close surveillance.

In this study, our object was to determine how calcitonin
doubling times were different in high- versus low-grade
MTC. We hypothesized that high-grade patients would have
more rapid observed calcitonin doubling times compared
with low-grade patients after surgery. In addition, high-grade
patients with rapid calcitonin doubling times would conse-
quently be associated with worse tumor-specific outcomes.

Materials and Methods
Study design and study population

To study the role of surveillance markers in MTC grade, a
retrospective cohort study was designed to evaluate patients
previously diagnosed with MTC. One hundred forty-four
patients who were diagnosed with MTC and underwent
thyroidectomy between 1986 and 2017 were identified. Type
and extent of surgical intervention was selected by the
treating surgeon and influenced by preoperative diagnostics
and surgeon preference. Patients with distant metastatic dis-
ease at presentation (10 patients) were excluded to focus
analysis on patients who had curative resection (i.e., those
without known residual disease).
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FIG. 1. Flowchart visualizing inclusion and exclusion

criteria of the 117 nondistant metastatic surgically treated
MTC patients. MTC, medullary thyroid cancer.

Since tumor grading could only be performed after thyroid-
ectomy, those patients with metastatic disease who had their
primary tumor resected were a highly selected cohort of patients
and were thus excluded. Patients with missing follow-up/
surveillance data (17 patients) were also excluded, leaving a
final cohort of 117 nondistant metastatic surgically treated MTC
patients (Fig. 1). The study was approved by the Institutional
Review Board of MSKCC (IRB Protocol #17-103) and a waiver
for participant consent was granted by the IRB. The study was
reported in concordance with the STROBE guidelines.'’

Histopathological examination and determination
of grade

MTC grading was classified by two pathologists special-
ized in thyroid pathology (R.A.G. and B.X.) using tumor
necrosis, mitotic rate, and Ki-67 proliferation index.’ Tumors
were determined to be high-grade if pathological review
demonstrated tumor necrosis, a mitotic rate =5 per 2 mm?, or
Ki-67 proliferation index =5%. For 55 patients, Ki-67 im-
munohistochemistry was not performed due to specimen
block availability. These patients were graded on necrosis
and mitotic rate alone® as Ki-67 proliferation index rarely
altered grade (1 of 64 patients).

Germline RET mutation status is determined by performing
next-generation sequencing of blood specimens (Quest® Di-
agnostics, San Juan Capistrano, CA, USA). Additional patho-
logical characteristics evaluated included lymphovascular
invasion (LVI), size, margin status, extrathyroidal extension
(ETE), extrathyroidal vascular invasion, extrathyroidal struc-
tural invasion, TNM staging, and amyloid deposition. LVI was
defined as an invasive focus present in the vascular lumen
covered by endothelial cells as previously defined.® ETE was
defined as invasion of peri-thyroid adipose tissue, skeletal
muscle, or adjacent organs. Calcitonin expression was mea-
sured by immunohistochemistry and assessed on a scale of 0—
100% based on pathology review of the tumor specimen.
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Calcitonin/CEA doubling time calculation and use

Calcitonin and CEA levels were recorded preoperatively
and postoperatively. Levels were assessed immediately pre-
operatively, immediately postoperatively, 6 months postop-
eratively, 12 months postoperatively, and then every 6
months (where applicable). Calcitonin and CEA doubling
times were calculated using the previously validated Kuma
Hospital Doubling Time Calculator.'®'?

After the immediate postoperative period, successive cal-
citonin/CEA levels were inputted starting at least 6 months
postoperatively with at least three successive values needed
to model and calculate doubling times for each patient. Pa-
tients who had undetectable calcitonin/CEA levels or had
detectable values that did not double were designated as
“never doubled” and not included in the calculation for
median calcitonin or CEA doubling times. In patients with
undetectable, but nonabsolute values (e.g., ““<5’") values
inputted into the Kuma calculator were the upper limits of the
assay. For example, if the noted level was ‘<5’ then the
value used for doubling time determination was “‘5.”

Statistical analysis and outcomes

Statistical analysis was performed using SPSS Statistics
(IBM Corporation, Armonk, NY, USA). Disease status was
categorized as alive with disease, alive without disease, dead
with disease, or dead of other causes, and documented at the
time of last chart review on December 1, 2021. Disease
outcomes evaluated included locoregional relapse-free sur-
vival (LRFS), distant metastasis-free survival (DMFS), and
overall survival (OS).

LRFS was defined as disease recurrence in the neck as
determined by diagnostic imaging. DMFS was defined as
radiographic recurrence noted outside of the neck. Mor-
tality was defined as patients who died of disease, died with
disease, or died of other causes. LRFS, DMFS, and mor-
tality were calculated using Cox regression modeling as
time-to-event analyses from time of initial surgery. High-
and low-grade patients with calcitonin doubling times less
than 2 years were compared using a univariate survival
analysis using log-rank tests. Outcomes relative to CEA
were not evaluated due to less patients with complete
data. p-Values <0.05 were considered to be statistically
significant.

Results

Descriptive analysis of patients with nondistant
metastatic low- and high-grade MTC patients

Among 117 MTC patients, 95 were classified as low-
grade and 22 high-grade tumors (Table 1). Median follow-
up was for the entire cohort was 70.2 months [confidence
interval; CI 84.7-111.0 months]. Sex (p=0.09), age
(p=0.15), bilateral disease (p=0.84), and germline RET
mutation status (p=0.68) were not significantly different
between the two groups. Pathological characteristics dif-
fered by grade with more high-grade patients having sig-
nificantly greater LVI (86.4% vs. 33.7%; p <0.001), median
tumor size (4.0cm vs. 2.0cm; p<0.05), ETE (50.0% vs.
18.9%; p<0.05), and positive lymph node metastasis
(50.0% vs. 34.7%; p<0.01).
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Median preoperative CEA (high grade: 26.0 ng/mL, range
1.4-573.0 vs. low grade: 16.8ng/mL, range 1.4-980;
p=0.53) and calcitonin (high grade: 4325.0 ng/mL, range
3.5-44190.0 vs. low grade: 650.0 ng/mL, range 9-85,000;
p=0.18) were not statistically different. Median percentage
of cells with calcitonin expression did not significantly differ
between high-grade (100%, range 90-100%) and low-grade
(100%, range 10-100%) patients (p=0.4).

At last evaluation, disease status was noted to be different
between the high- and low-grade patients. In particular, 67/95
(70.5%) of low-grade patients were alive without disease
compared with 2/22 (9.1%) of high-grade patients. In addi-
tion, 2/95 (2.1%) low-grade compared with 10/22 (45.4%)
high-grade patients were dead with disease.

Evaluation of CEA and calcitonin
as surveillance markers

Calcitonin and CEA levels were analyzed as postoperative
surveillance markers (Table 2). Postoperative CEA levels at 6
(p=0.11) and 12 (p=0.25) months were higher in high-
grade patients compared with low-grade patients, but this was
not significantly different. Doubling of CEA levels were
observed in 12/95 (12.6%) low-grade and 12/22 (54.5%)
high-grade patients with average CEA doubling time 36.8
months (range 21.2-111.2) in low-grade and 8.8 months
(range 3.2-24.4) in high-grade patients (p <0.001). Owing to
fewer patients having postoperative CEA values, further
analysis was focused on calcitonin.

Similarly, postoperative calcitonin levels were higher in
high-grade patients but not significantly different at 6
(p=0.21) and 12 (p=0.20) months. Among low-grade pa-
tients, 6/95 (6.3%) calcitonin levels doubled within 1-2
years, 23/95 (24.4%) at 2 or more years, and 65/95 (68.4%)
never doubled. Conversely with high-grade patients, 16/22
(72.7%) doubled within 1 year, 4/22 (18.2%) within 1-2
years, and 1/22 (4.5%) never doubled. For two patients, one
low grade and one high grade, doubling times were not
evaluated due to variable follow-up and inconsistent calci-
tonin and CEA measurements. No high-grade patients had
calcitonin doubling times greater than 2 years. Among pa-
tients with observed doubling, median calcitonin doubling
time was 31.6 months (range 15.6-111.4) in low-grade
and 8.7 months (range 2.6-23.5) in high-grade patients
(p<0.001).

Evaluation of outcomes based on calcitonin
doubling times

High-grade (n=21) and low-grade (n=94) patients were
stratified by calcitonin doubling times to assess patient status
and outcomes at last chart review (Table 3). Within the co-
hort, 20/21 (95.2%) high-grade and 6/94 (29.9%) low-grade
patients were observed to have calcitonin doubling times <2
years. Among the cohort of high-grade patients with calci-
tonin doubling times <2 years, 15/20 experienced locor-
egional recurrence, 10/20 distant recurrence, and 9/20 died.
In low-grade patients with calcitonin doubling times <2
years, 2/6 had locoregional recurrence, 1/6 distant recur-
rence, and 1/6 died. Within the cohort, 87 patients were
identified to have had intrathyroidal disease. Of the patients
in this cohort, 13 experienced local recurrence with 8/13
(62%) being high grade and 5/13 (38%) being low grade.



TABLE 1. CHARACTERISTICS OF THE HIGH- AND LOW-GRADE MEDULLARY THYROID CANCER PATIENTS

UNDERGOING CURATIVE RESECTION

Characteristics Low grade (n=95) High grade (n=22) p

Patient characteristics

Sex
Male 42 (44.2%) 15 (68.1%) 0.09
Female 53 (55.8%) 7 (31.8%)

Age at diagnosis (years) (range) 49 [3-80] 55 [15-77] 0.15

Median follow-up after surgery (months) (min, max) 70.4 (9.4, 315.9) 48.0 (2.5, 333.8) 0.35

Bilateral disease present
Yes 14 (14.7%) 3 (13.6%) 0.84
No 80 (84.2%) 18 (81.8%)

Unknown 1 (1.1%) 1 (4.5%)

Last known status
Alive w/o disease 67 2 —
Alive with disease 23 9
Dead with disease 2 10
Dead of other causes 3 1

Structural disease present preoperatively 16 (16.8%) 12 (54.5%) <0.01

RET status 19 20%) 4 (18.2%) 0.68

Surgical and tumor characteristics

Surgery performed
Thyroid lobectomy 1 (1.1%) 0 (0%) <0.05
Thyroidectomy alone 20 (21.1%) 2 (9.1%)

Single-stage thyroidectomy/nodal dissection 59 (62.1%) 11 (50.0%)
Staged thyroidectomy + nodal dissection 14 (14.7%) 9 (40.9%)

Median preoperative CEA (ng/mL) (min, max) 16.8 (1.4, 980) 26.0 (1.4, 573) 0.53

Median preoperative calcitonin (pg/mL) (min, max) 650.0 (9, 85000) 4325.0 (312, 44190) 0.18

LVI
Positive 32 (33.7%) 19 (86.4%) <0.001
Negative 51 (53.7%) 2 (9.1%)
Unknown/nondiagnostic 12 (12.6%) 0 (4.5%)

Size (cm) [min, max] 2.01 [0.2, 7.2] 4.01 [0.4, 9.5] <0.05
Positive 18 (18.9%) 11 (50.0%) <0.05
Negative 74 (77.9%) 6 (27.2%)
Unknown/nondiagnostic 3 (3.2%) 5 (22.7%)

Margins
Positive 18 (18.9%) 9 (40.9%) 0.09
Negative 69 (72.6%) 11 (50.0%)
Unknown/nondiagnostic 8 (8.4%) 2 (9.1%)

pT stage
1 43 (45.2%) 1 (4.5%) <0.001
2 13 (13.7%) 2 (9.1%)

3 16 (16.8%) 7 (31.8%)
4 4 (4.2%) 3 (13.6%)
Unknown 19 (20.0%) 9 (40.9%)

pN stage
Positive 33 (34.7%) 11 (50.0%) <0.01
Negative 44 (46.3%) 2 (9.1%)

Unknown 18 (18.9%) 9 (40.9%)

pM stage
Positive 0 (0%) 0 (0%) —
Negative 95 (100%) 22 (100%)

Median percentage of cells with calcitonin expression, 100% (10-100%) 100% (90-100%) 0.4
by IHC" (min, max)

Amyloid present 54 (56.8%) 13 (59.1%) 0.96

Necrosis present 0 (0%) 21 (95.4%) <0.001

Mitosis present 25 (26.3%) 17 (77.3%) <0.01

Bold values signify statistical significance.
*No. of patients: low grade=69; high grade=13.

CEA, carcinoembryonic antigen; ETE, extrathyroidal extension; IHC, immunohistochemistry; LVI, lymphovascular invasion.
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TABLE 2. EVALUATION OF CALCITONIN AND CARCINOEMBRYONIC ANTIGEN AS MARKERS
OF RECURRENCE AFTER RESECTION IN HIGH- AND LOW-GRADE MEDULLARY THYROID CANCER
Low grade High grade
Tumor marker value n (n=95) (n=22) p
CEA
Median CEA 6 months postoperative (ng/mL) (min, max) 71 2.5 (0.6, 33.4) 4.1 (1.0,59.00 0.11
Median CEA 12 months postoperative (ng/mL) (min, max) 85 2.3 (0, 34.0) 4.0 (0.8, 2657) 0.25

CEA doubling time
Median time if doubled (months) (min, max)
<1 Year
1-2 Years
2 or more years
Never doubled
Unknown

Calcitonin

Median calcitonin 6 months postoperative (pg/mL) (min, max)
Median calcitonin 12 months postoperative (pg/mL) (min, max) 112

Calcitonin doubling time
Median time if doubled (months) (min, max)
<1 Year
1-2 Year
2 or more years
Never doubled
Unknown

97  36.8 (21.2, 111.2)

0/95 (0%)

1/95 (1.1%)
11/95 (11.6%)
67/95 (70.5%)
16/95 (16.8%)

8.8 (3.2,24.4) <0.001
11/22 (50.0%)
0/22 (0%)
1/22 (4.5%)
6/22 (27.2%)
4122 (18.2%)

111 0.21

0.20

1.5 (0, 14,800)
0.1 (0, 10,400)

210.0 (0, 8900)
415.0 (3, 36,800)
115 316 (15.6, 111.4)

0/95 (0%)

6/95 (6.3%)
23195 (24.2%)
65/95 (68.4%)

1/95 (1.1%)

8.7 (2.6, 23.5) <0.001
16/22 (72.7%)
4/22 (18.2%)
0/22 (0%)
1/22 (4.5%)
1/22 (4.5%)

Bold values signify statistical significance.

Of the 26 patients with observed calcitonin doubling
times less than 2 years, 6 (23.1%) were low-grade and 20
(76.9%) were high-grade patients. With a high proportion of
high-grade patients with calcitonin doubling times <2 years,
we next assessed the relative associations of grade and
calcitonin doubling times on outcomes (Table 4). A multi-
variate survival analysis was performed using Cox propor-
tional hazards models comparing patients with high-grade
tumors and rapid calcitonin doubling time as independent
factors. High-grade categorization was associated with
significantly worse LRFS (hazard ratio [HR] 7.07 [CI 2.08—
24.04]), DMFS (HR 6.58 [CI 1.29-33.56]), and OS
(HR 5.23 [CT 1.47-18.68]; all p<0.05). Conversely, pa-
tients with calcitonin doubling times less than 2 years were
associated with worse DMFS (HR 7.22 [CI 1.05-49.78];
p <0.05) but not LRFS (HR 1.58 [C1 0.47-5.37]; p =0.46) or
OS (HR 1.58 [CI 0.44-5.67]; p=0.49).

Among patients with calcitonin doubling times less than 2
years, univariate survival analysis using log-rank tests were
used to determine the impact of grade on LRFS, DMFS, and

OS (Fig. 2). High-grade tumors were associated with worse
LRFS and OS (both p <0.05), while DMFS was not signifi-
cantly different (p=0.06).

Discussion

Tumor grade is an important prognostic factor after re-
section in patients with MTC. Compared with low-grade
patients, both CEA and calcitonin doubling times were ob-
served to be significantly more rapid among high-grade pa-
tients, consistent with the associated worse LRFS and DMFS
seen in high-grade patients. When taken together, the study
found that high-grade patients with rapid calcitonin doubling
times to be a high-risk cohort with worse LRFS and OS
compared with low-grade patients. These findings suggest
that consideration of patient grade and calcitonin trends are
critical aspects for predicting recurrence among resected
MTC patients.

Resection of all identified disease remains the standard of
care for patients with MTC. Despite being the only option for

TABLE 3. EVALUATION OF OUTCOMES BASED ON GRADE AND STRATIFIED BY DOUBLING TIME

Low grade (n=94)

High grade (n=21)

Outcomes
Calcitonin doubling time <2 Years >2 Years Never doubled <2 Years >2 Years Never doubled
Disease status

Alive w/o disease 0/6 12/23 55/65 2/20 — 0/1

Alive with disease 5/6 11/23 6/65 8/20 171

Dead with disease 1/6 0/23 1/65 9/20 071

Dead other causes 0/6 072 3/65 1/20 01
Locoregional recurrence 2/6 4/23 6/65 15/20 — 1/1
Distant recurrence 1/6 11/23 1/65 10720 — 171
Mortality 1/6 0/23 1/23 9/20 — 01
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TABLE 4. MULTIVARIATE ANALYSIS OF SURVIVAL OUTCOMES AFTER CURATIVE RESECTION
FOR MEDULLARY THYROID CANCER

LRRFS DMFS oS
CI CI CI
Factors HR Lower Upper HR Lower Upper p HR Lower Upper p
High grade 7.07 2.08 24.04 <0.05 6.58 129 3356 <0.05 523 147 18.68 <0.05
Calcitonin doubling time <2 years 1.58 047 537 046 722 1.05 49.78 <0.05 158 044 5.67 049

Bold values signify statistical significance.

CI, confidence interval; DMFS, distant metastasis-free survival, HR, hazard ratio; LRRFS, locoregional recurrence-free survival; OS,

overall survival.

cure, recurrence rates have been reported to occur in ~50%
of patients and associated with worse outcomes.’*** Pre-
vious reports have described the correlation of absolute cal-
citonin and CEA levels with aggressive disease>’ ; however,
this was not demonstrated in this study due to the wide range
of postoperative values. In our cohort of patients, determi-
nation of calcitonin and CEA doubling times was instead a
useful surveillance adjunct that could be utilized by clinicians
to predict tumor recurrence.

Consistent with their aggressive biology and high recur-
rence rates, 90% of high-grade patients had calcitonin dou-
bling times less than 2 years. Conversely, the majority of low-
grade patients either had prolonged doubling times greater
than 2 years (24.2%) or never doubled (68.4%). This is
consistent with previous reports that demonstrated doubling
times less than 25 months to be associated with worse re-
currence and disease-specific mortality.>'*** Similarly,
findings from this study not only demonstrate that short
calcitonin doubling times (<2 years) as a biomarker for tumor
recurrence, but also an indicator suggestive of more aggres-
sive high-grade disease.

The study identified high-grade patients with rapid calci-
tonin doubling times to be an especially high-risk cohort with
poor disease-specific outcomes. When compared with low-
grade patients, high-grade patients with doubling times less
than 2 years were associated with worse LRFS and OS
(p<0.05 for both). While these results highlight the signifi-
cance of close surveillance for high-grade patients, it also
suggests consideration could be given for adjuvant therapy
trials in this high-risk cohort. Worse outcomes indicate that

surgical resection may not completely cure many patients
with high-grade tumors.

Similar to differentiated thyroid cancer,25 ovarian can-
cer,”® and prostate cancer,?’ this study suggests that grading
and biomarker surveillance are important components of risk
stratifying MTC patients who can impact disease manage-
ment. Tyrosine kinases inhibitors (Vendatinib and Cabo-
zantinib) and RET inhibitors (LOX0-292 and Pralsetinib)
have demonstrated encouraging results in the setting of
metastatic MTC.?*! In particular, with reported efficacious
response rates in the ARROW trial** and recent FDA ap-
proval of Pralsetinib for advanced metastatic MTC, this study
establishes a high-risk cohort that could be considered in the
design of an adjuvant therapy trial.

Finally, regardless of grade, the study found that early and
frequent follow-up is needed for MTC patients to assess
calcitonin doubling times. In our study, we found that high-
grade patients were associated with more rapid calcitonin and
CEA doubling times, which is consistent with greater pro-
pensity of high-grade patients to experience local and distant
recurrence. Notably, grade was a better predictor of LRRFS
and OS when compared with rapid calcitonin doubling times.
While most low-grade patients demonstrated prolonged
doubling times or never doubled, rapid calcitonin doubling
time independently was associated with DMFS (HR 7.22 [CI
1.05-49.78]; p <0.05) regardless of grade.

In addition, DMFS was not significantly different among
high- and low-grade patients with rapid calcitonin doubling
times (p=0.06). Thus, this study suggests that patients with
low-grade tumors who have prolonged calcitonin doubling
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FIG. 2. Univariate survival analysis comparing high- and low-grade patient among patients with calcitonin doubling time
less than 2 years using log-rank tests. High-grade patients in this cohort were associated with worse LRFS (left panel) and
OS (right panel) when compared with low-grade patients (p <0.05 for both). DMFS (middle panel) among patients was not
statistically different between high- and low-grade patients (p=0.06). DMFS, distant metastasis-free survival; LRFS,
locoregional relapse-free survival; OS, overall survival.
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times are at less risk for recurrence and can be followed with
longer interval surveillance. While further investigations
evaluating the timing of recurrence relative to MTC risk fac-
tors are needed to determine the optimal surveillance intervals
dependent on grade and calcitonin doubling times, the study
demonstrates the importance of grade and tumor marker sur-
veillance as important components of stratifying patients.

The study has several limitations. Owing to the retro-
spective nature of the study, postoperative calcitonin and
CEA levels were subject to provider preference and variably
measured potentially affecting determination of doubling
times in cases where biomarkers were not measured every 6
months. In addition, CEA levels were inconsistently mea-
sured postoperatively, which limited a more in-depth analysis
of CEA doubling times and outcomes.

Furthermore, the retrospective nature of the study prevented
consistent CEA and calcitonin assays from being used, thus
affecting doubling time determination. Owing to the rarity of
MTC, assessment of outcomes was limited in certain patient
cohorts in this study. This was relevant to high-grade patients
as this cohort had fewer patients and impeded a more extensive
analysis. In addition, it should be noted that Ki-67 proliferation
index was unavailable for 44 low-grade patients and 11 high-
grade patients. However, in this cohort we found that in nearly
all patients Ki-67 did not impact grade determination as only 1
out of 64 was reclassified from low grade to high grade after
Ki-67 determination.

Conclusion

The majority of high-grade MTC patients have observed
calcitonin doubling times less than 2 years with grade and
calcitonin doubling times found to be independent predictors
of disease-specific outcomes. Therefore, determination of
calcitonin/CEA doubling times and tumor grade should be a
part of the postoperative assessment of patients with MTC.
High-grade patients with rapid calcitonin doubling times are
associated with worse LRFS and OS, and should be closely
monitored for structural disease recurrence.
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