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Background: We report on the growth of papillary microcarcinoma during active surveillance and before
clinical presentation.

Methods: We conducted a retrospective study of 169 patients with papillary microcarcinoma who were
enrolled in active surveillance at our hospital between 2000 and 2004. Patients were followed for a me-
dian of 10.1 years using serial ultrasonography (median, 12 examinations), used to calculate the tumor
doubling time. To contextualize tumor growth rates during active surveillance, we calculated the hypo-
thetical tumor doubling time before clinical presentation. To resolve the limitations in tumor doubling
time, tumor doubling rates were inversely transformed into doubling rates.

Results: The doubling rates (per year) during active surveillance (median: 0.0) were >0.5, 0.1 to 0.5, —0.1
to 0.1, and <-0.1 in 5, 38, 97, and 29 cases, respectively. The proportions of tumors with rather rapid
growth, slow growth, stable, and a decrease in size were 3%, 22%, 57%, and 17%, respectively.

Conclusion: Tumor growth of papillary microcarcinomas varies from rather rapid growth to a decrease in
size during active surveillance.

© 2018 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The incidence of thyroid cancer has increased in many coun-
tries in recent decades without an associated increase in mortal-
ity.'-> The increase primarily has been due to the increased de-
tection of small papillary thyroid carcinoma (PTC) with imaging
studies. Several research groups'~> have suggested an overdiagno-
sis and overtreatment of small PTCs. PTCs <1 cm are called papil-
lary microcarcinomas (PMCs) of the thyroid, which account for ap-
proximately 50% of the recent thyroid cancer cases.>® Previously,
we reported that only a small proportion of patients with low-
risk PMCs exhibited disease progression during active surveillance
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(AS), as did another Japanese study.*> In addition, those PMCs ex-
hibiting disease progression were treated successfully with rescue
surgery without further disease progression.*® Given the safety of
AS, the 2015 guidelines of the American Thyroid Association 7 en-
dorse AS as an alternative to thyroidectomy in patients with low-
risk PMCs.” AS is superior to immediate operative treatment be-
cause of the greater incidence of adverse events and the 4.1-fold
increase in medical costs that result from operative intervention at
this stage.3

In a previous study,'® we determined that only 8% of low-risk
PMCs enlarged >3 mm in size at 10-year AS. This increase in size
was strongly associated with a younger age at presentation. Tuttle
et al."" studied tumor growth kinetics on 291 patients with PTCs
<1.5 cm who underwent AS for a median of 25 months. The cumu-
lative incidence of a tumor growth of >3 mm was 3.8% at 5 years,
which was comparable to the Japanese reports.”!? Tumor volumes
were calculated using 3-dimensional measurements. The cumula-
tive incidence of volume increase by >50% was 24.8% at 5 years.
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Table 1

Characteristics of 169 adult patients with low-risk PMC who were enrolled in AS from January 2000 to December 2004 at

Kuma Hospital.

Variable Total Retained in AS Conversion to surgery
No. of patients 169 146 23
Age at diagnosis (years) 55 (24-79) 56 (24-79) 54 (29-65)
Sex, no. (%)
Female 150 (89) 130 (89) 20 (87)
Male 19 (11) 16 (11) 3(13)
Tumor size (mm) 7 (3-10) 7 (3-10) 7 (4-10)
Duration of AS (years)* 10.1 (1.57-13.5) 10.5 (1.57-13.5) 4.2 (1.71-108)
No. of ultrasonographic examinations* 12 (3-26) 13 (3-26) 8 (5-21)
Tumor size increase >3 mm 7 0 7
Appearance of LNY met. 2 0 2
Tumor doubling time (year)
Positive value, no. 85 (50.3%) 70 (48%) 15 (65%)
Value* 9.98 (0.75 > 100) 12.8 (0.79 > 100) 3.34 (0.75-146)
Negative value, no. 84 (49.7%) 76 (52%) 8 (35%)
Value* -15.5 (>-100 to —0.08)  —17.5 (>—100 to —0.08)  —2.69 (—16.3 to —1.77)
Doubling rate per year' 0.00 (—-12.8 to 1.32) —0.01 (—12.8 to 1.27) 0.064 (—0.566 to 1.33)
Death 1 0 1

Note: The doubling rate is defined as the inversion of the TDT (ie, 1/TDT); the 1 death was a result of pancreatic cancer

* Median (range)
9 LN met., lymph node metastasis

The median tumor doubling time (TDT) was 2.2 years. The de-
crease in volume of the tumor by >50% was reported in 6.5% of
patients, although this was not discussed in detail.

The tumor decreased in size in some of our patients with
PMCs during AS.* Tumor growth is best analyzed and expressed
as TDT'%; however, TDT has 2 major limitations. Therefore, we
propose the “doubling rate,” which is the inverse of TDT. Tumor
growth before presentation is unknown. Herein, we estimated tu-
mor growth before presentation using a hypothesis described in
the Discussion of the present article.

The aim of this study was to examine the natural history of
PMCs by comparing the observed growth rates with the estimated
values before presentation.

Patients and methods

Between January 2000 and December 2004, 169 consecutive
patients (aged 24-79 years) with low-risk PMC were enrolled in
our program of AS at our hospital.

Tumor size at presentation ranged from 3 mm to 10 mm (me-
dian: 7 mm). All of the patients had a malignant diagnosis on
ultrasound-guided fine-needle aspiration cytology. None of them
had worrisome features, such as nodal or distant metastasis, sub-
stantial extrathyroidal extension, or aggressive cytology. Patients
with tumors attached to the trachea or located along the course of
the recurrent laryngeal nerve were excluded. Since 1993, patients
with low-risk PMCs have been informed of the following 2 man-
agement options: (1) immediate operative intervention or (2) AS.
The patients included in this study chose to proceed with AS. Pa-
tients were followed for a median of 10.1 (range: 1.57-13.5) years
using serial ultrasonographic examinations (median, 12 [range,
3-26] examinations; Table 1). Ultrasonographic examinations were
performed 6 months after the diagnosis and approximately once
a year thereafter by sonographers trained specifically in neck ul-
trasonography. If the tumor increased by >3 mm or lymph node
metastasis occurred, rescue surgery was recommended.

TDT was calculated based on serial measurements of tumor
size. The maximum diameter (D) and the diameter in the direc-
tion perpendicular to the maximum diameter (D,) were measured.
Tumor depth was often not reliable because of ultrasound shad-
owing. Tumor volume (V) was calculated using the ellipsoid
equation (/6 x Dy x D52)."3 Time (T) is the time interval between
presentation and measurement. TDT was calculated as previously

described.!#
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Then, TDT = (log 2)/«. This can easily be performed using the
Doubling Time & Progression Calculator (available from: http://
www.kuma-h.or.jp/english/). The tumor in 1 patient became un-
detectable during AS. The size of the tumor was considered to be
1 mm for the calculation.

Some of the PMCs had negative TDTs, because they exhibited a
decrease in size. Although TDT is a valid method to describe tumor
growth rate, there is the issue of discontinuity among positive and
negative TDT values. To address this problem, doubling time (DT)
was converted to the inverse of DT (ie, 1/DT) as suggested by Bar-
bet et al.'? We propose calling this value “doubling rate” because it
means the number of doublings that occur in a unit time (eg, per
year). Negative values indicated the number of halvings per unit
time.

Statistical analysis

The statistical tests used to compare the differences between
the groups were the Mann-Whitney U test for skewed variables
and the Wilcoxon signed-rank test for paired skewed variables. All
statistical analyses were conducted using StatFlex version 6.0.

The present study was approved by the Ethical Committee at
Kuma Hospital.

Results

After enrollment, 23 (14%) of the 169 patients subsequently un-
derwent conversion to operative resection (Table 1). Reasons for
the operative intervention included tumor enlargement >3 mm in
7 patients, recognition of presumed lymph node metastasis in 2,
enlargement of associated nodules in 2, Graves’ disease in 1, and
changes in patient preference in 1. The reason for operative in-
tervention was unknown in 10 patients. None of the patients had
both tumor enlargement and nodal metastasis. One patient died of
pancreatic cancer 3.5 years after thyroid surgery.
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Table 2

Doubling rate in 146 patients retained in active surveillance and among 23 patients who had conversion to operative intervention.

Patients group No. of patients

Doubling rate per year

>0.5 0.1-0.5 -01to 01 <-01

Rather rapid growth  Slow growth  Stable Decrease in size
Retained in AS 146 1(1%) 31 (21%) 89 (61%) 25 (17%)
Conversion to operative intervention 23 4 (17%) 7 (30%) 8 (35%) 4 (17%)
All patients 169 5 (3%) 38 (22%) 97 (57%) 29 (17%)
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Fig. 1. Doubling rates indicating tumor growth (positive values) or a decrease in
size (negative values) during active surveillance (AS) for each patient; clear columns
represent patients retained in AS; solid columns and + indicate patients who under-
went conversion from AS to operative intervention. LN, lymph node.

A total of 85 patients (50.3%) had positive TDTs that varied
greatly (median, 10.0 years), whereas 84 patients (49.7%) had neg-
ative TDTs that also varied greatly (median, —15.5 years; Table 1).

Doubling rates during AS for each patient ranged from —12.8
to 1.32 (median, 0.0) per year (Table 1). Using doubling rates, the
tumor volume kinetics of all patients are shown in Fig. 1. This
figure also shows patients who remained in AS and those who
underwent operative intervention owing to tumor growth >3 mm,
nodal metastasis, or other reasons. Tumor volume kinetics were
divided into 4 categories: rather rapid growth, slow growth, stable,
and decrease in size, using cutoffs for doubling rates of 0.5, 0.1,
and —0.1 per year. Doubling rates were >0.5, 0.1 to 0.5, —0.1 to 0.1,
and <-0.1 for 5, 38, 97, and 29 PMCs, respectively (Table 2). Thus,
only 3% of PMCs exhibited rather rapid growth, 22% exhibited
slow growth, 57% were stable, and 17% exhibited decrease in size.
Because their tumors increased >3 mm, 4 of 5 patients with rather
rapid growing tumors and 3 of 38 patients with slowly growing
tumors underwent operative intervention. The 2 patients with
nodal metastases were either stable or had exhibited a decrease
in size of the primary tumor. Patients who underwent operative
intervention for other reasons had varying doubling rates (Fig. 1).

Doubling rates according to age at presentation (<40, 41-60,
and >60 years) are shown in Table 3 and Fig. 2. The proportion of
the patients with rather rapidly growing or slowly growing tumors
decreased with age (40% to 17%; P=.019); however, 5 rather
rapidly growing tumors were seen in middle-aged or elderly
patients. Tumors that decreased in size were the most frequently
observed in the middle-aged group (21%). Thus, tumor growth
patterns differed considerably among the 3 age groups.

Discussion

We reported a greater incidence of PMC progression during AS
in younger patients at presentation.'” Tuttle et al.'’ conducted AS

Table 3
Doubling rate during AS according to age at presentation.

Age, year No. of patients ~ Doubling rate per year
>0.5 0.1-0.5 —-01to01 <-01
<40 20 0 (0%) 8 (40%) 9 (45%) 3 (15%)
41-60 87 4(5%) 21(24%) 44 (51%) 18 (21%)
>61 62 1(2%) 9 (15%) 44 (71%) 8 (13%)
All patients 169 5(3%) 38(22%) 97 (57%) 29 (17%)

Note: When the doubling rates of >0.5 and 0.1-0.5 are combined as growing tumors
and doubling rates of —0.1 to 0.1 and <—0.1 are combined as tumors that are stable
in size or are decreasing in size, the proportion of the patients with growing tumors
decreased with age from 40% to 17% (P=.019).
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Fig. 2. Proportions of patients with a doubling rate of >0.5, 0.1 to 0.5, <—0.1 to
0.1, and <—0.1 according to age at presentation; figures indicate number of patients
in each category; when the doubling rates of >0.5 and 0.1 to 0.5 are combined as
growing tumors and doubling rates of —0.1 to 0.1 and <-0.1 are combined as tumors
that are stable in size or are decreasing in size, the proportion of the patients with
growing tumors decreased with age from 40% to 17% (P=.019).

in 291 patients with PTCs <1.5 cm and confirmed an association
between tumor growth and a young age at presentation. These
authors reported an increase in tumor volume of >50% in 36
patients. These PTCs had a median TDT of 2.2 years. TDTs for
stable tumors or those that decreased in size were not reported.
Collins et al.!? postulated that the growth of human tumors
is exponential and suggested that tumor growth rate is best
described as TDT. Previous studies'#~'6 reporting time-dependent
changes in serum calcitonin and thyroglobulin in patients with
medullary and papillary thyroid carcinoma and the TDT of
these values support this concept. Thus, doubling time is a vali-
dated method to analyze and express tumor growth. Despite its
strengths, TDT has 2 major limitations. First, if some tumors exhibit
a decrease in tumor volume (Fig. 3, A), their TDTs are expressed
as negative values, which causes discontinuity, as shown in Fig. 3,
B. To address this, Barbet et al.'> used 1/TDT values for statistical
analysis. Second, the magnitude of the TDT values is opposite
to the magnitude of tumor growth or decrease in size (Fig. 3,
B). The 1/TDT equation appears to overcome these limitations
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Fig. 3. Kinetic analysis of changes over time in tumor volume or levels of serum tumor marker. (A) Slopes for the regression analysis of the 5 sets of sample data.
(B) Doubling times. (C) Doubling rates (the inverse of the doubling time [ie, 1/doubling time]). Note the orders and magnitudes of the values of the 5 sample cases in

these 3 analyses.

satisfactorily (Fig. 3, C). We propose calling this value the doubling
rate because it indicates the number of doublings or halvings that
occur per unit of time. Using doubling rates, we were able to show
tumor growth and decreases in size in 1 figure (Fig. 1).

As for the future of the natural history of PMCs, we have es-
timated the lifetime probability of PMC disease progression using
age-decade-specific disease progression rates at 10 years obtained
from our AS data.!” Our estimates suggested that the probability of
disease progression greatly decreases with age at presentation.

We also calculated the hypothetical TDT, an estimate of TDT
before presentation, using age and tumor size at presentation, as-
suming that a single cancer cell (10 pm in diameter) was present
at birth and grew at a constant rate, and thus predicted what the
actual time of the origin of the tumor should be after birth. There-
fore, the actual growth rate should be more rapid than the esti-
mate. One might argue that the growth of the tumor may not have
been constant; however, if there were slow growth periods, there
should have also been rapid growth periods for the tumor to grow
to the size at presentation. Therefore, the hypothetical TDT indi-
cates the least tumor growth rate before presentation necessary for
a cancer cell to grow to the size at presentation.

Estimated doubling rates before presentation (converted from
the inverse of the hypothetical TDTs) ranged from 0.4 to 1.1 (me-
dian, 0.5) per year, which were greater than those observed during
AS (median, 0.0 [range, —12.8-1.32]; Fig. 4; P < .001). This hypo-
thetical argument suggests strongly that a rapid growth phase pre-
cedes presentation in the vast majority of cases.

Figure 5 is a schematic depicting the observed range of tumor
growth and regression (line A) and the hypothetical growth of
cancer arising at birth (line B). If the cancer arises after birth,
tumor growth should be more rapid (line C). Tumor growth in
the prepresentation period (close to presentation) should not be
much different from the observed growth rate. Therefore, there
should have been a period when the tumor grew more rapidly
(line D). We think line D a most likely tumor growth pattern
before presentation.

Mazzaferri et al.’® reported that PTCs showed a unique biologic
behavior associated with age at the time of operation. Younger
patients had greater recurrence rates but excellent survival. Elderly

p = 0.0000

Doubling Rate (1/year)
o
o

Before Presentation During Active Surveillance

Fig. 4. Comparison of the doubling rate during active surveillance and the doubling
rate converted from the hypothetical doubling time before presentation in each pa-
tient. Solid circles indicate the values. The changes in these values are represented
by the lines. The boxes in the box-and-whisker plots represent the second and the
third quartiles.

patients had greater recurrence and greater mortality rates. The
reasons for these conflicting findings in younger patients with PTC
are not clear. The natural history of PMCs described in this paper
may be applicable to some clinical PTCs, especially in younger
patients; however, further studies are needed to confirm this
association.

Our study has several limitations. First, this is a retrospective
analysis of the changes in the sizes of PMCs during AS. Second,
ultrasonographic evaluations were performed by multiple examin-
ers over a long period of time. Therefore, interobserver variations
may have existed in the measurements, but the multiple examina-
tions (median, 12 examinations) over a long period of time (me-
dian, 10.1 years) for each patient should have minimized the error
in calculating TDTs. Finally, we selected 169 consecutive patients to
minimize the selection bias of patients; however, larger cohorts of
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Fig. 5. Comparison of the hypothetical tumor volume doubling time and the most
likely growth curve before presentation with the observed growth or decrease in
size of PMCs during active surveillance. Solid circle, at presentation. (A) Range of
the observed tumor growth or decrease in size. (B) The growth line to calculate the
hypothetical tumor doubling time. (C) Growth line of a tumor with an origin after
birth. (D) The most likely growth curve before presentation.

patients with PMCs and longer surveillance times may allow for a
more detailed analysis.

Conclusion

According to our novel calculation of doubling rate, only 3% of
tumors reported in this study of 169 consecutive patients exhib-
ited rather rapid growth, whereas 22%, 57%, and 17% exhibited slow
growth, stable disease, and a decrease in size, respectively, dur-
ing AS. The estimated doubling rates before presentation converted
from a hypothetical TDT were significantly greater than the dou-
bling rates calculated during AS, suggesting that there is a rapid
growth period before presentation.
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Discussion

Dr Ashok R Shaha (New York, NY): Dr Miyauchi, I would like to
congratulate you and your institution for doing remarkable work
and pioneering the whole idea about observation more than 20
years ago. Every time you present here, you bring some new in-
formation, which is quite interesting and quite complex also.

I am interested in regression of the thyroid tumors. At least we
generally feel that tumors don’t get smaller, and that’s the whole
idea of monitoring the patient and seeing what happens. Is this re-
gression related to needle biopsy causing some infarction? Or did
it become bigger because during the needle biopsy there was some

L))

Check for
updates

bleeding and it appeared to measure 1 centimeter, and over a pe-
riod of time it resolved to 5 millimeters? I am just curious to know
about this.

The understanding of the tumor volume is very critical. It’s
not just the diameter. Dr Mike Tuttle, who you know very well,
and our group did the study looking at the tumor volume and
the tumor doubling time, which I think you have popularized in
medullary cancer, thyroid cancer, and now in active surveillance.

Rather than using the words “active surveillance,” it may be
a good idea to use the term “before intervention.” What we are
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really trying to do is defer the intervention. At the age of 25,
we know that probably the patient will come to surgery. Again,
this is just a philosophy, but something that I have been thinking
about. Perhaps what we are doing today is deferring the interven-
tion, monitoring the patient, and operating at an appropriate time.
Thank you very much.

Dr Akira Miyauchi: Thank you, Dr Shaha. Very nice comment
and question.

[ do not know the reason why a tumor may show shrinkage.
One possibility might be the fine-needle aspiration. That is very
likely 1 of the possibilities. But I think it may be a natural cause
too.

You commented on Michael Tuttle. He did a very similar study
on changing tumor volume. If you read his paper carefully, you
see that it included some tumor shrinkage. So that is not only our
own cases but some of your cases at Memorial Sloan-Kettering also
showed tumor shrinkage.

Dr Larry Kim (Chapel Hill, NC): I also want to thank you for
the work you have done showing that active surveillance again is
safe. It's really revolutionary.

Your hypothesis is that there’s this period of rapid growth and
then stabilization, and sometimes even shrinkage. That really flies
in the face of what we intuitively think about tumor growth as sort
of a constant doubling. My first question is whether you have any
sort of biological hypothesis to explain this?

And then my second question is why don’t we catch these tu-
mors during that growth phase more commonly? It seems like
sometimes you would catch them during that rapid growth phase
more often.

Dr Akira Miyauchi: Thank you for your comment and ques-
tions. Why do tumors show shrinkage? I do not know. But this
is our observation. Our work shows that tumor growth decelera-
tion and shrinkage is a real phenomenon, at least for papillary mi-
cro cancer. But thyroid cancer might show a similar phenomenon.
Of course, we do not have many chances to observe the natural
course of a larger tumor, but probably the same thing may occur.

Dr Quan-Yang Duh (San Francisco, CA): Dr Miyauchi, you al-
ways teach us something when you are on the podium. Thank you
very much for presenting this.

You are the one that taught us about doubling time. And we
learned that most of the time it is constant. But you are also the
one that taught us that when we follow the patient, if the doubling
time changes, that means something. If it's shortened, you know
something happened to the tumor. And one would expect that’s
probably related to some mutation or something that occurred.

So if you consider growth, like you say, before you find the tu-
mor, and you are not proposing that there is also some kind of
dynamic changes in doubling time, do you have some hypothesis
of what it is that changes the tumor doubling time?

Dr Akira Miyauchi: When we observed the changing tumor
size or tumor marker trend, we saw that some cases showed rapid
increase in the growth rate. That can be seen in papillary cancer
and also medullary thyroid cancer.

Typically, this is very easy to understand if it is a change in
differentiation or anaplastic change. But at the same time, we see
decreasing growth rate after more than 5 or 10 years in some. That
is another issue. But I do not know why it occurs.

Dr Quan-Yang Duh (San Francisco, CA): Do you think the po-
tential regression could be related to the vascular supply of the
tumor?

Dr Akira Miyauchi: Well, I think these questions remain for you
to study.

Dr Sareh Parangi (Boston, MA): Dr Miyauchi, we are really
grateful that you come here to AAES to present this work.

[ have a question about what your experience is now with the
screening of children after the Fukushima disaster in Japan. Do you
think we will have an opportunity to answer some of your won-
derful theories in those being studied?

Dr Akira Miyauchi: Today I talked about the only adult pa-
tients. Probably small papillary thyroid cancers in children might
be different. My speculation is that in children it might show
rather rapid growth but it will stop. Why in children does papil-
lary thyroid cancer have a good prognosis?

Most of the childhood thyroid cancer tends to have distant
metastasis at presentation. But they rarely die. Why? Probably it
stops growing spontaneously. Rapid growth—but then stops. This
is my speculation.
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