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Background: The change in size of the papillary thyroid cancer (PTC) nodule during active surveillance has
traditionally been characterized as either stable, increasing, or decreasing based on changes in maximal tumor
diameter or tumor volume. More recently, it has been observed that the changes in tumor size observed during
observation are more complex with tumor volume kinetic patterns that can be characterized either as stable
(Pattern I), early increase in volume (Pattern II), later increase in volume (Pattern III), early increase in volume
followed by stability (Pattern 1V), stability followed by an increase in volume (Pattern V), or a decrease in
tumor volume (Pattern VI).

Methods: The frequency, time course, and clinical correlates of these six tumor volume kinetic patterns were
analyzed in a cohort of 483 patients with low-risk PTC up to 1.5 cm in maximal diameter followed with active
surveillance at our center for a median of 3.7 years.

Results: The cumulative incidence of an increase in tumor volume for the entire cohort was 15.9% [confidence
interval (CI) 11.8-20.0] at 5 years. At 5 years, most tumors demonstrated stability (78.8%, Pattern 1) with
10.0% showing early growth (Pattern II), 4.1% late growth (Pattern III), 1.9% growth then stability (Pattern IV),
0.6% stability then growth (Pattern V), and 5.6% with a decrease in tumor volume (Pattern VI). Tumor volume
doubling time during exponential growth significantly differed across the kinetic patterns, with median values
of 2.4, 7.1, and 3.3 years for Patterns II, III, and IV, respectively (p<0.01). Similarly, the time to a change in
tumor volume was significantly different across the kinetic patterns, with median values of 1.5, 3, 1.6, 4.7, and
4.1 years for Patterns II, III, IV, V, and VI, respectively (analysis of variance, p <0.01). Clinical correlates at
baseline were not associated with tumor volume kinetic pattern.

Conclusions: These six kinetic tumor volume patterns provide a comprehensive description of the changes in
PTC tumor volume observed during the first 5 years of active surveillance.
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Introduction have demonstrated that a=3 mm increase in maximal diam-
eter and/or 250-100% increase in tumor volume can be used

ACTIVE SURVEILLANCE Is considered a safe and effective as clinically relevant indicators of tumor growth,'#>810-13
management option for properly selected patients with However, because of the small nodule size, poorly defined
low-risk papillary thyroid cancer (PTC).''® These studies margins, and irregular shapes often encountered in papillary
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thyroid microcarcinoma, Chung et al found that differences
up to £72% in tumor volume or +24% in maximum diameter
were within the serial measurement error on ultrasound
further refining the parameters necessary to determine if a
nodule is stable, decreasing, or increasing in size during
observation.'*

Prior publications have described three common tumor
volume kinetic patterns in low-risk PTC cases on active
surveillance: (1) a steady exponential increase in tumor
volume, (2) a quiescent phase of apparently stable tumor
volumes not varying by more than the expected degree of
measurement variation, and (3) a decrease over time. 315719
More recent publications have differentiated exponential
patterns as short versus long tumor volume doubling times
(TVDT),IZ’15 1619 with a TVDT of <5 years associated with a
higher probability of disease progression and lymph node
metastasis.'>'? Tto et al*° identified a subset of patients whose
tumor volume doubling rates declined after tumors had in-
creased by 23 mm in diameter or 250% in volume, suggesting
that continued exponential increase in tumor volume may not
be inevitable.

To better conceptualize how tumor volume kinetic patterns
should guide clinical management of low-risk PTC, we de-
veloped a classification system for six common tumor vol-
ume kinetic patterns seen in our center’s active surveillance
program (Table 1) and assessed the frequency and time
course of these patterns.

TUTTLE ET AL.

Materials and Methods
Study design and population

We assessed a cohort of 623 patients with PTC followed on
active surveillance at Memorial Sloan Kettering Cancer
Center (MSK) for eligibility. Ultimately, based on inclusion
criteria, a cohort of 483 patients with low-risk PTC was an-
alyzed for this study (see Fig. 1). Inclusion criteria for active
surveillance at MSK have been previously described: a di-
agnosis of PTC or suspicious for PTC (based on cytology,
molecular, and ultrasonographic findings confirmed at MSK)
with a maximal tumor diameter at baseline of <1.5 cm and no
clinical or radiographic evidence of extrathyroidal extension,
invasion of local structures, or regional/distant metastases. >

The cohort consisted of patients enrolled onto a prospec-
tive data collection protocol (n=394 patients) and patients
included on the basis of retrospective data collection (n =89
patients) from the medical records in patients that met the
same inclusion, exclusion, and follow-up criteria. The pro-
tocol was approved by the MSK Institutional Review Board
(IRB) and Privacy Board (PB)-B and the study was per-
formed in accordance with the Declaration of Helsinki as
revised in 2013 (see Methods Supplementary S1). All ultra-
sound evaluations were performed by academic radiologists
at MSK.

Additional criteria for inclusion included patients who
were (1) followed by an endocrinologist and/or head and neck

TABLE 1. Six MosT CoMMON TUMOR VOLUME KINETIC GROWTH PATTERNS OBSERVED IN PATIENTS ON ACTIVE
SURVEILLANCE FOR PAPILLARY THYROID CANCER OR SUSPICIOUS FOR PAPILLARY THYROID CANCER

Tumor volume
kinetic growth

Implications for clinical

pattern Description Definition management
I Stable Tumor volume measurements on Continue active surveillance
observation remain stable (up to
+72% change in tumor volume
from baseline)
II Early increase in Steady exponential growth from Consider (1) transition to a
tumor volume time of diagnosis, with a TVDT therapeutic intervention or (2)
of <5 years continue observation depending
on tumor size, location, rate of
change, and patient preference
I Later increase in Steady exponential growth from the Consider (1) transition to a
tumor volume time of diagnosis, with a TVDT therapeutic intervention or (2)
of =25 years continue observation depending
on tumor size, location, rate of
change, and patient preference
v Early increase in Steady exponential growth from the Continue active surveillance
tumor volume time of diagnosis followed by
followed by transition to stability (tumor
stability volume remains up to £72% of
size after exponential growth
window)
A" Stability followed Initial stability (tumor volume Transition to therapeutic
by increase in remains up to +72% of baseline) intervention
tumor volume with a subsequent transition to
steady exponential growth
VI Decrease in Tumor volume decreases >72% Continue active surveillance

tumor volume

from baseline

TVDT, tumor volume doubling time.
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Assessed for eligibility
(n=623)

Met eligibility criteria

Cytology review at MSK did not confirm Bethesda V or VI (n=14)
Metastatic cervical lymph nodes identified on initial MSK ultrasound (US) (n=9)
Tumor abutting thyroid capsule at trachea or recurrent laryngeal nerve (n=5)
MSK US identified invasion into/through the thyroid capsule (n=4)

Highly suspicious thyroid nodule followed without cytology confirmation (n=4)

Excluded because of eligibility criteria
(n=66)

Size >1.5 cm (n=30)

(n=557)

Declined active surveillance

(n=59)

Accepted active surveillance

(n=498)

Excluded because of short follow-up duration

On active surveillance for <6 months (n=15)

Patients Analyzed
(n=483)

FIG. 1.

surgeon at MSK for >6 months, and (2) had neck ultraso-
nography performed at 6-month intervals for the first 2 years,
yearly for the next 3 years, and then approximately every 2
years for ongoing follow-up. Levothyroxine was prescribed
to patients as needed to maintain a thyrotropin (TSH) level <3
mlIU/L while avoiding TSH suppression. Methods for mea-
surement of tumor volume kinetics are described in the
Methods Supplementary S1.

Statistical analysis

Continuous data are presented as mean and standard de-
viation or median and interquartile range, as appropriate for
each variable. Tumor growth rates were calculated by fitting
a least squares regression model to log-transformed tumor
volume measurements and plotted on semi-log curves. The
volume (mL) of the tumor was calculated using the ellip-
soid volume formula: 7/6 X length X width X height. Percen-
tage change in volume and maximal tumor diameter was
calculated relative to the baseline before the initial biopsy by
fine needle aspiration (FNA). A meaningful change in tumor
volume was defined as a >72% increase or decrease in tumor
volume from baseline.'*

The cumulative incidence of lymph node metastasis, vol-
ume growth, and tumor kinetic patterns was calculated using
the Kaplan—Meier method, and statistical testing performed
using the log-rank test or univariate Cox regression analy-
sis. Categorical variables were compared using chi-squared
analysis and continuous variables compared using either
unpaired z-test or analysis of variance (ANOVA) as appro-
priate. In all analyses, p-values <0.05 were considered sta-
tistically significant. Analyses were performed using SPSS
Statistics version 27.0 (IBM Corporation, Armonk, NY, USA).

Flow diagram of participant enrollment.

Results
Study cohort

The cohort comprised 483 patients followed on active sur-
veillance for a median of 3.7 years (interquartile range [IQR]
2.2-5.6 years, range 0.5—17 years) (Table 2). With a median age
at diagnosis of 52 years, the majority were female (372/483
[77%]), with a definitive diagnosis of PTC (386/483 [80%]) and
tumor nodules <1 cm in maximal diameter (361/483 [75%]).

TABLE 2. CLINICOPATHOLOGIC FEATURES
OF THE STUDY COHORT

Value (%)

Variable (participant N=483)
Age at diagnosis (years)

Mean, SD 52, 15

Median 52

Range 20-89
Tumor size

<lcm 361 (75)

1.1-1.5cm 122 (25)
Sex

Female 372 (77)

Male 111 (23)
Diagnosis

PTC 386 (80)

Suspicious for PTC 97 (20)
Duration of active surveillance (years)

Mean, SD 4,+2.3

Median 3.7

Range 0.5-17

PTC, papillary thyroid cancer; SD, standard deviation.
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Outcomes

The cumulative incidence of tumor volume increase of
>72% was 15.9% at 5 years [CI 11.8-20.0]. Seven of 483
patients (1.4%) developed newly identified cervical lymph
node metastases while on observation. The cumulative inci-
dence of lymph node metastasis was 1.5% at 5 years [C1 0.1—
2.9] (Fig. 2).

At last follow-up, 82.2% (397/483) of the cohort contin-
ued on active surveillance following their individual-
ized management plans while 9.3% (45/483) transitioned to
surgical intervention. There were 1.7% (8/483) of patients
lost to follow-up, 2.5% (12/483) died of unrelated causes, and
4.3% (21/483) transferred their care to community clinicians
after a median observation period at MSK of 2.6 years (IQR
1.8-3.2 years). None of the cases showed clinical or radio-
logical evidence of distant metastasis or locoregionally
advanced disease. There were no deaths related to thyroid
cancer.
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FIG. 2. Kaplan—-Meier curves showing (A) cumulative
event rates for increase in tumor volume of >72% and
(B) identification of lymph node metastases during active
surveillance.
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Tumor volume kinetics

Baseline and changes on active surveillance in maximal
tumor diameter and volume are presented in Table 3. Tumors
were classified as increased, stable, or decreased in size at
similar rates when cutoff values defining stable tumors were
+3mm change in maximal tumor diameter, £24% change
in maximal tumor diameter, or +72% change in tumor volume.
In tumors with increased volume, analysis of kinetic curves
demonstrated a classic exponential growth pattern with a
median TVDT of 3.1 years (IQR 1.6-5.1 years, r=0.79)
(TVDT for each of the patterns are presented in Table 4).

Individual patient examples of each tumor kinetic pattern
with corresponding tumor diameters and tumor volumes are
shown in Figure 3. Table 4 and Figure 4 present the cumu-
lative incidence rates, duration of active surveillance, time to
increase in tumor volume, and TVDT for each tumor volume
kinetic pattern. Stability (Pattern I) was the most common
outcome at 5 years of follow-up (78.8%) while an early in-
crease in tumor volume (Pattern II) was seen in 10%, a later
increase in tumor volume was seen in 4.1% (Pattern III), an
early increase in volume followed by stability in 1.9% (Pat-
tern IV), stability followed by increase in 0.6% (Pattern V),
and a decrease in volume (pattern VI) was seen in 5.6%.

TABLE 3. TuMOR VOLUME KINETICS OF STUDY COHORT

Value (%)

Variable (N=483)
Maximal diameter at baseline (mm)

Mean, SD 8.5, £2.7

Median 8

Range 3-15
Maximal diameter at final follow-up (mm)

Mean, SD 8.6, £3.3

Median 8

Range 2-24
Tumor volume nodule at baseline (mm3 )

Mean, SD 271, £252

Median 178

Range 6-1521

Tumor volume nodule at final follow-up (mm3)

Mean, SD 294, £337

Median 168

Range 4-2389
Change in tumor volume >72% from baseline

Increase 59 (12)

Stable 401 (83)

Decrease 23 (5)

Change in maximal diameter >3 mm from baseline

Increase 42 (9)
Stable 407 (84)
Decrease 34 (7)

Change in maximal diameter >24% from baseline

Increase 64 (13)
Stable 362 (75)
Decrease 57 (12)
TVDT for enlarging tumors (years) 53 (11)
Mean, SD 43,454
Median 3.1
Range 1-37
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TABLE 4. CUMULATIVE INCIDENCE AND TIME COURSE OF THE SiX TUMOR KINETIC PATTERNS IN STUDY COHORT

Pattern 1V:
Early Pattern V:
Pattern II: Pattern IlI: increase Stability
Early Later in tumor followed Pattern VI:
increase increase volume by increase Decrease
Pattern I: in tumor in tumor followed in tumor in tumor
Stable volume volume by stability volume volume
(N=401) (N=40) (N=12) (N=6) (N=1) (N=23)
Age at diagnosis (years)
Median 47 45 50 50 55
Mean, SD 53, 15 49, +15 46, 8 54, £20 NA 53, £16
Range 21-87 20-89 31-59 31-77 NA 27-82
5-Year cumulative 78.8 10.0 4.1 1.9 0.6 5.6
incidence % [CI] [74.1-83.5] [6.9-13.1] [1.14-6.8] [0.3-3.5] [0.0-1.8] [2.7-8.5]
Duration of active surveillance (years)®
Median . 35 6.4 5.6 54 4.9
Mean, SD 3.9, £2.3 3.9, £2.5 6.8, 1.7 5.0, £2 NA 5.0, £3.3
Range 0.5-14.3 0.8-14.0 4.8-11.0 1.7-7.1 NA 1.2-17.0
Time to increase or decrease in tumor volume (years)®
Median NA 1.5 3.0 1.6 4.7 4.1
Mean, SD NA 1.7, £1.1 3.3, 1.8 2.1, 1.1 NA 3.8, £1.8
Range NA (0.3-5.3) (0.5-7.2) 1-3.4) NA (1.2-6.4)
TVDT during exponential growth phase (years)
Median NA 2.4 7.1 33 0.7 NA
Mean, SD NA 24,112 10.1, 9 32,14 NA NA
Range NA 1-5 5.2-37 1.6-4.5 NA NA

“ANOVA, p<0.01.

ANOVA, analysis of variance; CI, confidence interval; NA, not applicable.

Initial stability followed by increased tumor volume was
an uncommon event seen in a 50-year-old male (<1% of
patients), who required surgery for a BRAF V600E mutated
unifocal poorly differentiated PTC with oncocytic features
without angioinvasion or extrathyroidal extension.

Identification of lymph node metastasis while on active
surveillance was not related to patients’ tumor kinetic pat-
tern. Of the seven patients with newly identified lymph node
metastases during active surveillance, five demonstrated
Pattern I, 1 had Pattern II, and 1 had Pattern III.

Baseline clinicopathologic characteristics were not pre-
dictive of the tumor kinetic patterns (I-VI) or increase in
tumor volume of >72%. Baseline clinicopathologic charac-
teristics comprised the covariates of age at diagnosis, sex,
tumor size category (<1 cm vs. 1.1-1.5 cm), baseline tumor
volume/maximal tumor diameter, presence/absence of lymph
node metastasis on observation, cytology (PTC vs. suspicious
for PTC), family history of thyroid cancer, personal history of
another malignancy or radiation exposure, autoimmune thy-
roid disease, pregnancy during active surveillance, fluor-
odeoxyglucose avidity, or multifocality (data not shown).

As shown in Table 4, the time to detection of a change in
tumor volume varied from a median of 1.5 years in Pattern II,
to 3.0 years in Pattern III, and 4.1 years in Pattern VI. Of
interest, the TVDT during exponential growth of 2.4 years in
Pattern II and 3.3 years in Pattern IV allowed the majority of
these cases to be recognized and properly categorized in the
early years of follow-up, while the TVDT of 7.1 years in
Pattern III means that slower rates of tumor progression may
not be recognized until these patients are observed for longer
periods of time. The duration of active surveillance was sta-

tistically different across the patterns, with shorter durations
seen in Patterns I-II as compared with the longer follow-up
durations demonstrated in Patterns I[II-VI (ANOVA, p<0.01).

Discussion

We describe the time course and cumulative incidence of
the six most common tumor volume kinetic growth patterns
observed in 483 patients with low-risk PTC undergoing ac-
tive surveillance for tumors of <1.5 cm for a median follow-
up of 3.7 years. As proposed in the implications for clinical
management in Table 1, this description of the frequency and
time course of these tumor growth patterns can inform and
enhance the shared decision-making process by physicians
and patients, which Davies et al describe as analogous to a
journey in which a guide (clinician) advises a traveler (pa-
tient) on options, advocating for specific paths, supporting
previous decisions, or recommending alternatives as condi-
tions change.?’

While Table 1 describes the implications for clinical
management based only on the tumor volume kinetic pat-
terns, it is also important to understand that other clinical
factors, such as the identification of metastatic cervical lymph
nodes, evidence of direct invasion into the thyroid capsule,
identification of other PTC foci within the thyroid gland,
alterations in the angle of the tumor with the thyroid capsule,
or change in patient preference could also lead to recom-
mendations to transition from active surveillance to thera-
peutic intervention.

Using three definitions of tumor growth (>3 mm increase
in maximal diameter, >24% increase in maximal diameter,
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Time course and 5-year cumulative incidence of the 6 most common tumor volume kinetic patterns

seen during active surveillance of low-risk papillary thyroid cancer
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FIG. 4. Graphic representation of the time course and cumulative incidence of the six tumor volume kinetic patterns.

and >72% increase in tumor volume), we report a similar
percentage of thyroid cancer nodules (9-13%) as increasing
during observation. These findings support the use of either
the well-established >3 mm increase in size, or the recently
validated reproducibility data specific to papillary micro-
carcinoma nodules (>24% increase in maximal diameter
or >72% increase in tumor volume) as clinically applicable
practical definitions of tumor growth with equivalent effec-
tiveness.

We found that most PTCs do not demonstrate an increase
in tumor volume at 5 years (84%). Interestingly, a compari-
son of the 10-year cumulative incidence shows that the
likelihood of decreased tumor volume (14.2%) was nearly as
high as the likelihood of increased tumor volume (19%).
Furthermore, while on active surveillance, no patients de-
veloped distant metastases or locoregionally unresectable
disease. Only 7 of 483 patients (1.4%; 10-year cumulative
incidence of 3.3%) had cervical lymph node metastasis
identified during observation, comparable with the 3-5%
probability of lymph node metastasis after thyroidectomy in
patients with papillary microcarcinoma.*

These data from a United States cancer center are similar
to findings from other centers globally and confirm that pa-
tients with relatively small intrathyroidal PTCs can be safely
offered active surveillance as an alternative to immediate
surgery, without significant risk of clinically problematic
local, regional, or distant progression.” We also expand upon
prior reports of active surveillance for microcarcinoma by
including tumors up to 1.5 cm in maximal diameter.

Ongoing follow-up is required for patients on active sur-
veillance as the observed growth patterns need to be re-
evaluated at each follow-up using a dynamic risk assessment
approach to risk stratification. For example, tumors that ap-
pear to be stable (Pattern I; variation in tumor volume <72%)
in the first few years of follow-up could be very slowly
growing (with prolonged TVDTs) and could transition to
Pattern III (later increase in tumor volume) after longer ob-

servation. These data are also consistent with the findings by
Miyauchi et al'® and Kasahara et al* indicating that tumors
classified as stable and suitable for active surveillance may
have had a previously unobserved exponential growth pattern
before entering the quiescent phase before diagnosis.

Interestingly, Ito et al?® observed that tumor growth rates
sometimes decrease after tumors enlarge >3 mm, consistent
with a transition from an early increase in tumor volume to
stability (Pattern IV). Thus, the distribution of kinetic growth
patterns observed during active surveillance will vary based
on both the starting point and duration of active surveillance
with respect to the natural history of PTC, indicating that a
dynamic risk assessment approach to ongoing management
will be required.

An increase in tumor volume (Pattern II and Pattern III)
should not always be considered an immediate indication for
surgery. While some patients elect to transition from active
surveillance to therapeutic intervention as soon as the nodule
is documented to increase >72% in volume, in our experi-
ence, others prefer to delay intervention if possible. We
consider continued active surveillance to be a reasonable
management option for tumors with a documented increase
in volume provided the tumor growth rate is slow (TVDT >2—
3 years), the tumor is not in a worrisome location, and de-
layed intervention is acceptable to the clinician and to the
patient.®'°

After two years of follow-up, most patients transition to
yearly ultrasound examinations and follow-up. However, the
interval between ultrasound evaluations is shortened to every
six months if there is any question that a nodule may be
exhibiting an increase in size. Similarly, to minimize the
interobserver variation as much as possible, patients who
transitioned to outside follow-up return to receive an ultra-
sound at MSK if the outside imaging suggests an increase in
tumor volume.

Fortunately, the pattern of transition from prolonged pe-
riods of apparently stable disease to exponential increase in



1344

tumor volume (Pattern V) appears to be uncommon dur-
ing the initial observation period, occurring in only 1 of 483
patients. While uncommon, this is not unexpected as rapid
growth after stability can be seen in patients with known
lymph node or distant metastasis. While not fully understood,
this unexpected sudden transition may be associated with
changes within the thyroid cancer cell, in the surrounding
microenvironment, or in the host immune response.

Most active surveillance studies report a decrease in tumor
volume or tumor diameter in 5-10% of patients with PTC
being followed on observation. Often there is an early de-
crease in tumor volume of 25-50% in the first year after
biopsy, followed by a slower decline in volume for many
years, reaching the 72% decreased volume threshold at a
median of 4.1 years of observation (Fig. 4). While the cause
of decreased tumor volume with time is not known, anec-
dotally, it is interesting that many patients attribute the sta-
bility and/or decrease in tumor size to the major lifestyle,
nutrition, exercise, and health food supplement changes of-
ten made after diagnosis; it is also possible that the FNA
biopsy itself disrupts tumor vasculature or immune system
recognition.

Unlike previous studies, we found no association
between rapid TVDT and lymph node metastases or age at
diagnosis. However, the small number of events (7/483 pa-
tients with lymph node metastases identified during follow-
up) limits the generalizability of our findings, which should
be further evaluated with larger studies and longer follow-up.
We also found no clinical covariates associated with tumor
volume kinetic patterns. While previous studies have dem-
onstrated an inverse relationship between age and increase in
tumor size, the relatively small numbers of patients in the
various groups we studied may have hampered our ability to
detect a statistical difference in age at diagnosis across the
patterns. Since these patterns may change over time within
an individual and could differ depending on the observed
timepoint during the natural history of the thyroid cancer, it is
perhaps not surprising that baseline clinical characteristics
did not reliably predict tumor volume changes while patients
were on active surveillance.

As with any clinical study, we recognize that our findings
may be influenced by significant limitations. While we be-
lieve that these volume changes and patterns can be utilized
across a wide variety of clinical settings, it is important to
acknowledge that the patients included in this study had ul-
trasound evaluations performed by radiologist working in an
academic medical center. In addition, the nodule size deter-
minations were obtained from the clinical radiology report
and not independently reverified by a single investigator.

Data were not available to evaluate other potentially
predictive ultrasonographic features (e.g., rim calcification,
other patterns of calcification, echogenicity, margins, or
nodule location). Unlike many thyroid centers, MSK does not
routinely use the TIRADS system for thyroid nodule de-
scriptions and thus we were unable to analyze our data based
on TIRADS criteria.

In conclusion, rather than simply describing the natural
history of low-risk PTCs on active surveillance as either
stable, increasing, or decreasing in size, the kinetic tumor
volume patterns in our classification system provide a more
clinically relevant description of the frequency and time
course of the changes in tumor volume that are seen during

15,19
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observation. Integration of these six tumor volume kinetic
patterns into a clinical framework that also considers tumor
size, tumor location, and patient preference can inform in-
dividualized management decisions by differentiating iden-
tifiable from actionable findings.**
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