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V. PROF HAY’S OVERVIEW OF PRINCIPAL FINDINGS IN THESIS

In this overview of Professor Hay’s PTC publications, the 30 papers selected for

1-30

the thesis will be described as references 1 through 30, as in '~” and any other

papers introduced in the overview will have numbers starting after 30, as in 31-9,

The specific areas of scientific enquiry encompassed within the body of work that
makes up this thesis will be considered in seven sections, as in (i) etiopathogenesis,
(i1) prognostic factors and outcome prediction, (iii) PTM, (iv) CPTC, (v) impact of
initial surgery, (vi) futility of RRA in LRPTC and (vii) EA for recurrent NNM.

Etiopathogenesis. During 1987 through 1991 Prof Hay collaborated with Prof

Lieber, an NIH-trained urologic oncologist, to study, using paraffin embedded
archival specimens, flow cytometric DNA ploidy patterns®! in the three

histotypes®*

of differentiated thyroid cancer. It was evident that almost all PTC
tumors, whether in children* or adults’, were DNA diploid, in contrast to
follicular®? and Hurthle cell tumors®, including benign adenomas, which were
typically nondiploid®. This led to the collection of fresh tumors and snap frozen
tumor tissues taken at the time of surgery and five fruitful years of collaboration

with Profs Dewald and Jenkins of Molecular and Cytogenetics during 1988-92.

It was fortuitous that in the first study® of cytogenetics in PTC 4/7 tumors had a
simple clonal karyotype and all 4 contained an anomaly of a chromosome 10q arm.
One tumor from a 33 year old woman had an inv(10)(q11.2q21.2) as the sole
acquired anomaly. It was noted one year earlier that the PTC oncogene®” had been
assigned by Vecchio’s group in Naples to chromosome 10q11-q12 and this
prompted a more extensive cytogenetic analysis of 26 PTC tumors. This second
study’ also identified an inv(10)(q11.2q21.2), this time in a 21-year old woman’s
NNM. Prof Jenkins communicated with Prof Pierotti in Naples and they concluded
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that, by combining the data from the two centres, they had identified 9 PTC tumors
where structural 10q abnormalities were the sole clonal abnormality. At least 6 of
these abnormalities were inv(10)(q11.2g21.2) and 4 had been shown to contain the
PTC oncogene, formed by rearrangement of the ref oncogene (mapped to 10q11.2)
and another chromosome 10 gene H4 (mapped to 10g21.2). Pierotti further studied
these 4 tumors and determined?® that a chromosome 10q inversion provided the
structural basis for the D/0S170-RET fusion that formed the transforming
sequence RET/PTC and was found in about 25% of PTC tumors. Santoro’ further
studied 177 PTC tumor samples from Mayo, France and Italy and determined that
RET oncogene was activated in 17% of the Mayo-derived samples. This activation,
which was restricted to the papillary cancer subtype and was not seen in other
benign or malignant non-papillary tumors, was considered to represent an

important genetic event in the pathogenesis of PTC, the commonest thyroid cancer.

Prognostic Factors and Outcome Prediction. Prof Hay commenced this work with

Prof McConahey of Endocrinology and Prof Taylor of Biostatistics soon after
returning to Rochester in 1983. Preliminary results from the study of the 1946-70
cohort were presented to national and international audiences in 1984 and 1985. By
1986, as Prof Hay prepared his first PTC paper' for publication in the Mayo Clinic
Proceedings, both senior investigators had retired. McConahey’s cohort! of 859
PTC patients were treated during 1946-70; 16% had TT and only 3% had RRA.
30-yr mortality was 3% above expected. Higher rates of CSM (p<0.005) were seen
with 5 prognostic factors: age>50 years, tumor size (diameter 4 cm or more), tumor
grade 2 or 3, extrathyroid invasion and distant metastases. Later studies were
devoted to the importance of GEE*® and the insignificance of MEE?’. The
irrelevance to CSM of the finding of NNM at presentation® was also addressed in

an extensive review>’ in 1996. The potential lethal consequence of distant
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metastases at presentation of PTC was highlighted in two papers ***! published by
Prof Hay’s group in JCEM. Interest in the two continuous variables of patient age
and tumor size led to Professor Hay’s special interests over multiple decades in

both PTM!%# and CPTC**, both of which will be discussed in later sections.

Perhaps the most exciting result arising from the years of work devoted to
McConahey’s cohort! of 1946-70 was the development of the AGES prognostic
scoring system that was published in 1987 in what continues to be Prof Hay’s 2
most cited paper. This was the first multivariate analysis of outcome in PTC and it
permitted the creation of a prognostic score capable of predicting CSM in PTC and
employable as an adjustment variable for evaluating differing modes of initial and
postoperative therapies. The AGES scoring system was based on the independent
prognostic variables of patent age, tumor grade, extent and size. It permitted the
identification of risk of death from PTC in the 86% of patients who had AGES
scores <4 and had a 25-year CSM rate of 2%, and also in those with AGES scores
of 4 or more who had a 25-year CSM rate of 46%.

By 1990 the study cohort had been expanded® to cover the years of 1945-85 and
now encompassed >25,000 patient-years of experience. Comparison was made
between AGES scoring and three other available risk group classifications
(EORTC scoring*, TNM stages* and AMES risk groups*). All 4 systems were
capable (p<0.0001) of identifying an excellent outcome in the majority
(approximately 85%) who were deemed to be LRPTC. In Cady’s description*® of
his AMES multifactorial system he described a mortality rate ratio of 26:1 between
his high- and low-risk groups. Using such 20-year CSM rates to create ratios for
the Mayo 1945-85 cohort®, the CSM ratios for AJCC/TNM stages*® (3 edition)
and EORTC schemes* were 18:1 and 21:1. By contrast, the ratios with the
AMES?* and AGES? schemes were much higher at 37:1 and 40:1, respectively. At
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20 years, the low-risk AGES<4 group had a 1.0% mortality; for AMES it was
1.1%. 20-year CSM rates in the high-risk groups were 40.3% for AGES and 40.8%
by AMES. It was concluded that increasing use of these scoring and staging
systems might permit realization of the concept described by Professor
Mazzaferri*’ as “a selective approach to therapy that avoids unnecessarily
aggressive treatment for tumors that are likely to follow a benign course, and

inadequate therapy for others anticipated to display aggressive behavior .

Prof Hay’s most cited paper!!, published in 1993, described the development of a
second, and more widely applicable, prognostic scoring system for predicting CSM
in a cohort of 1779 PTC managed at Mayo during five decades (1940-89). The
score was derived from 15 candidates that included completeness of tumor
resection but excluded histologic grade and DNA ploidy. The study group
comprised 1779 patients divided by treatment dates into 1940-64 and 1965-89;
Cox model analysis and stepwise variable selection led to a prognostic model
initially derived from the earlier training set and then applied to the later “test” data
set. The final model included five independent variables abbreviated by Metastasis,
Age, Completeness of resection, Invasion and Size (MACIS). The final score was
defined as MACIS=+3.1(if aged 39 years or less) or 0.08 X age (if aged 40 years
or more), + 0.3X tumor size (in centimeters), +1(if incompletely resected), +1 (if
locally invasive), +3 (if distant metastases present at diagnosis). Low-risk patients
(MACIS scores<6) comprised 85% of the cohort of 1779 patients and had a 20-
year CSM rate of 0.9%. Scores 6-6.99, 7-7.99 and 8+ (accounting for 8%, 3 % and
4%) had 20-year CSM rates of 11%, 44% and 76%, respectively (p<<0.0001).

It is of some relevance that now, some 38 years after AGES and 32 years after
MACIS, on the App Store of any 2025 iPhone can be found the American Thyroid

Association Calculator which has been revised over 17 years. Within this App is
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the Thyroid Cancer Staging Calculator which permits the user to enter for any PTC
patient the following variables: age, gender, tumor size, invasion (any or gross),
multifocality, completeness of resection, NNM, DM and tumor grade. The
calculator will then supply the user with pTNM stage (8" edition), AMES risk-
group and both AGES and MACIS scores which can then be printed as a pdf and
emailed. The accompanying information from the ATA states that “the AGES,
AMES and MACIS prognostic systems were described during 1987-93 and all 4
schemes can accurately define (by an AGES score of <4, AMES low-risk, a
MACIS score of <6 or AJCC stage 1) the 85% of adult PTC patients who will be

expected to have a <1% risk of cause-specific mortality at 20 postoperative years.”

Papillary thyroid microcarcinoma. During his Mayo career Prof Hay published the

outcome results on three cohorts of PTM patients. The first'’, published in 1992
described 535 patients who were managed during 5 decades (1940-89). The
second'’, published in 2008 described 15,480 patient-years experience of 900
consecutive patients treated during 6 decades (1945-2004). The third*®, involved an
8-decade experience (1936-2015) of managing 1376 adult PTM patients (21,190
patient-years of postoperative observation). During the last three decades of study
(1986-2015) the incidence rate of PTM in the USA* and Mayo Clinic* tripled,
likely attributable to an epidemic of overdiagnosis* partly related to increasing use

50,51

of high-resolution neck US scanning>">", while the incidence of clinically

relevant®> PTC during almost a century at the Mayo Clinic remained stable.

In his three studies'®!**® Prof Hay emphasized that (i) more than 99% of PTM
patients were not at risk of DM or CSM,(i1) observed all-causes survival did not
differ from expected, (ii1) 1/3 PTM patients had NNM at diagnosis and (iv) after
definitive surgery with complete tumor resection the 20-year LRR rates were

typically about 6% and closer to 15% in node-positive patients. In the 2 larger
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studies!®*® more extensive surgery (BLR) did not reduce the 30-year LRR rates
seen after UL. In 375 node-positive adult patients*® there was no difference (p=0.2)
observed between the LRR rates seen after BLR+RRA as against the rates seen
after BLR alone. In 2015 the ATA recognized active surveillance (an accepted
strategy for managing indolent prostate cancer) as an alternative*® to immediate
surgery in PTM. In 2019 Brito and Hay developed a shared decision making
algorithm to help clinicians and PTM patients make decisions* between active
surveillance, surgical resection and minimally invasive procedures such as EA,
(first introduced> at Mayo in 1991) and in 2020 reported®® by Prof Hay to

represent a safe outpatient alternative to surgery for definitive treatment of PTM.

Childhood papillary thyroid carcinoma. During his Mayo career Prof Hay

4.20.24 related to the management of CPTC at

published three important papers
Mayo Clinic. The availability of data within the MRPD lent itself to two
comparisons of CPTC and APTC and the three publications® %24 from 1988, 2010
and 2018 have resulted to date in 980 citations by other authors. In 2013 Prof Hay
was enlisted to join an ATA Taskforce responsible for writing the first Clinical
Guidelines®* for management of CPTC and this resulted in a 44-page document
and 33 recommendations. In 2022 he was invited to write on CPTC in a
multidisciplinary international publication on the Practical Management of Thyroid
Cancer edited by two British thyroid oncologists. This resulted in a 29-page solo
contribution** which included the history of CPTC publications from Mayo during
1935 through 2023, summaries of the comparisons of PTC in children and adults

published during 1988-2018, and a novel 7-step approach to managing CPTC.

In Prof Hay’s first study* comparing CPTC with APTC, outcomes in 48 patients
with CPTC (median follow-up 28 years) were contrasted with 981 APTC patients

(median follow-up 19 years), both cohorts consecutively managed during 1946-75.
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Tumor size was greater (p<0.001) in CPTC (3.1cm vs 2.1cm). NNM at Dx were
found in 90% of children and 35% of adults (p<0.001). DM at Dx were also more
frequent in CPTC (7% vs 2%). Postop NNM recurred in 30% of children and 7%
of adults (p<0.001). All causes survival rates for children and adults observed
through 30 postoperative years were no different from expected survival rates.
Only adults aged >40 years old had a significantly higher CSM than children
(p<0.0001). Fourteen percent of children died of PTC by 15 years after DM Dx,
whereas 68% of adults with DM were dead at 15 years (p=0.014). Only 38% of the
children had an initial TT and 17% had postop RRA. These results suggested that

routine TT and RRA may not be required to achieve excellent outcomes in CPTC.

In the WIS 2010 study?® of outcome in 215 children and adolescents (younger than
21 years old) managed during 1940-2008, median postop follow-up was 29 years.
At Dx 6% had DM and 78% had NNM. After complete resection, PTC recurred in
32% by 40 years. During 1940-69 LRR rates after UL were significantly (p<0.001)
higher than after BLR. During 1950-2008 RRA was given within 18 months to
32%; it did not diminish either the 25-year NNM recurrence rate of 16% seen after
BLR alone (p=0.86) or the 17% seen after NT or TT only (p=0.79). During 1980-9
68% had RRA while in 2000-8 this rate was only 36%. Only 2 patients died from
PTC for a 40-year CSM rate of 2%. All-causes mortality rates did not exceed
expectation through 20 years, but from 30 to 50 years, the number of deaths was
significantly (p<0.001) higher than predicted. Fifteen of 22 deaths resulted from
NTM. 73% of those dying from NTM had received postop therapeutic irradiation.

In the WJS 2018 study?* presentation details and outcomes were compared
between 190 children (<19 years) and 4242 adults consecutively treated during the
8 decades of 1936-2015. Tumors in CPTC were larger, more often grossly invasive

and more likely to be incompletely resected. Moreover, children at Dx had more
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NNM and DM. Despite these adverse prognostic features, MACIS scores were <6
(low-risk) in 91%. Mean follow-up in children was 27 years and for adults 15
years. 30-year CSM rates were lower in children than adults (1.1 vs 4.9%; p=0.01).
Comparing 1936-75 (THEN) with 1976-2015 (NOW), 30-year CSM rates were
similar in MACIS <6 children (p=0.67) and adults (p=0.08). However, MACIS <6
children and adults in 1976-2015 had significantly higher regional recurrence rates
(p<0.001) than those rates seen in 1936-75; similar changes were not seen with
recurrence at distant sites. In the NOW cohort by 30 years regional recurrence rates
approached 30% in adults and exceeded 50% in children. It was considered that
these differences in regional recurrence rates may be explained by the availability
of ultrasensitive serum Tg measurements and the more widespread use of high-
resolution neck US and the use of USGB of neck masses in more contemporary
PTC surveillance. It was clear that CSM in MACIS<6 children and adults had not
improved since 1976, despite more rapid detection and prompt treatment of
recurrences. Moreover, some might consider that the recent increase in LRR rates
seen in MACIS low-risk patients, probably related to increased high-resolution

neck US scanning and USGB, may prove to be a regrettable and expensive trend.

Impact of Initial Surgery. In 1987 Mazzaferri*’ suggested that the two most

controversial topics in PTC management were “the extent of thyroid surgery that is
optimal and the indications for postoperative radioiodine therapy”. Prof Hay in

5 <

1990 responded by asserting” “that these controversies in PTC management may in
part have arisen because of a consistent failure to adjust for imbalances in
important prognostic variables when various treatment policies have been
compared. If that is the case, comparing treatment groups matched for appropriate
prognostic variables may permit some clarification of those hotly debated issues”.

Between 1987 and 2002 Prof Hay compared outcome (both CSM and TR rates)
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after UL, BLR, NT or TT using AGES??, AMES?*, MACIS!*and TNM?
prognostic systems to avoid failing to “compare like with like”, a problem’® which
may have marred earlier studies due to imbalance in relevant prognostic factors.
His last collaborative surgical paper with Prof Grant described?! an optimized
surgical approach to PTC management as was performed at the Mayo Clinic during

1999-2006 in 420 PTC patients who met ATA “optimal surgical criteria™®.

In the first paper using the AGES scoring system as an adjustment variable?, no
improvement in 25-year CSM in the 1946-70 cohort! was demonstrable when low-
risk patients (scores <4) underwent more than UL. However, when AGES scores
were 4 or more, 25-year CSM after BLR (35%) was much lower than the 65% seen
after UL. In neither the low-risk nor the high-risk subgroup was PTC survival
improved by TT. A second study® addressed the development of LR in 963 patients
operated during 1946-75. When AGES scores were <4, the 30-year risk of
developing LR was 14% after UL, significantly higher than the 4% seen after BLR
(p<0.001). In the high-risk group with scores of 4+, the comparable 30-year rates
were 59% after UL and 20% after BLR (p<0.001). In neither the low-nor the high-
risk group was there a significant difference in LR frequency comparing TT with
bilateral subtotal/near-total thyroidectomy. When a comparable study'? was
performed in 1685 AMES*® low-risk PTC patients managed during 1940-91, there
were no differences in CSM or DM 30-year rates between UL and BLR (p>0.2).
After UL, 20-year rates for LR and recurrent NNM were 14% and 19%,
significantly higher (p<0.0001) than the 2% and 6% seen after BLR. It was
concluded that UL was associated with a higher risk of LRR. Finally, no
improvement in CSM rates were seen'* in MACIS <6 patients undergoing BLR,
compared to UL (p=0.31). By contrast, at 20 postoperative years there was an

almost 4-fold increase in TR after UL, as compared to BLR (26% vs 7%;
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p=0.0007). The main conclusion from these studies, using AGES, AMES and
MACIS as adjustment variables, was that BLR represented the best approach for
LRPTC patients and the appropriate first step'® in Mayo LRPTC management.

In the 5 edition of the AJCC staging manual®, older PTC patients (45 years or
older) with either NNM (N1) or GEE (T4) would be classed as pTNM stage II1.
During 1940-89 there were 300 consecutive patients with pTNM stage I1I disease
who were studied'® to determine whether BLR improved CSM and LR rates when
compared to UL. After complete resection 20-year rates for CSM and LR after
BLR were 12% and 10%, significantly lower than the 23% and 26% seen after UL.
There were no significant differences in the 20-year NNM and DM rates between
UL and BLR. The conclusion was the extent of primary thyroid resection in these
locally advanced PTC cases appeared to significantly impact CSM and LR but did

not apparently influence the development of regional or distant metastasis.

Futility of Remnant Ablation in Low-Risk PTC. During forty years of his tenure at

Mayo Clinic (1983-2022) Professor Hay worked towards proving his longstanding
belief that RRA after potentially curative primary surgery in LRPTC was
ineffective and unnecessary. To achieve that end he published 10 relevant

5. 14.16-18,24,27-28.57-59 in 9 different peer reviewed medical scientific

manuscripts
journals. Perhaps the closing statement from his first paper' on PTC portended this
future obsession in pursuit of such a goal over four decades: “To date, we have not
examined the influence of different surgical procedures on cancer mortality, as we
intend to perform these analyses on groups of patients judged to have disease of
equal severity, with use of our proposed prognostic index. On the basis of our
experience from this study, we consider ipsilateral total lobectomy and

contralateral radical subtotal lobectomy the preferred surgical treatment for most

patients with papillary thyroid cancer. Whether routine remnant ablation can
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substantially improve the already excellent results of surgical treatment remains, in

our assessment, to be proved.”

By 1990 the MRPD included data on 1500 consecutive PTC patients managed at
Mayo during 1945-85. Prof Hay identified® a dramatic rise in the rate of RRA
performed within 6 months of definitive BLR between 1966 and 1985; RRA rates
rose from 3% in 1966-7 to 69% in 1984-5. He also evaluated outcome (CSM and
TR) in a subset of 946 PTC patients who had tumors as defined by Mazzaferri*’,
specifically, “patients with either a primary tumor 1.5 cm or larger, or with multiple
primary lesions, local tumor invasion or cervical metastases”. In the Mayo series
the TR rate for BLR alone (n=726) was 9.6%, insignificantly lower (p=0.06) than
the 13.3% seen with BLR+RRA. 10-yr CSM rates were for BLR 2% and for
BLR+RRA 3% (p=0.25). The 1990 paper® concluded that “it is our expectation that
further assessment of outcome in appropriately matched patients will permit a

more rational use of remnant ablation”.

By 2002 the records of 2512 consecutive PTC patients managed during 1940-2000
had been abstracted for the MRPD which now encompassed >43,000 person-years
of follow-up with a median of 14 years. Examination'* of 1423 patients who had
potentially curative BLR again demonstrated a dramatic (p<<0.001) rise in
frequency of RRA from 6% in 1970-4 to 61% in 1985-8 and then a more gradual
fall in rates to 40% in 1997-2000. By MACIS scoring, 2099 patients (84%) were
considered LRPTC with scores<6 and had a 25-yr CSM rate of only 0.9%. During
1970-2000 1163 patients had MACIS scores<6 and had undergone NT or TT with
curative intent; 43% had RRA within 6 postop months. Those who received RRA
were more likely to have NNM at presentation; 31% of node-negative and 57% of

node-positive MACIS <6 patients had RRA (p<0.001).
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When the patients were divided in this 1940-2000 cohort into node-negative and
node-positive groups, there were no statistically significant differences in outcome
(CSM and TR) between NT/TT alone and NT/TT+RRA. For the 636 node-
negative patients there were no deaths from PTC and 20-yr TR rates were 3.4%
with surgery and 4.3% with surgery + ablation (p=0.8). For the 527 node-positive
patients with much higher TR rates, there was no improvement in CSM rates after
RRA (p=0.99); 20-yr TR rates only differed by 0.4%, being 19.5% after surgery
alone and 19.9% for surgery and RRA (P=0.19). The 2002 paper'* concluded with
a sincere hope “that these results may serve as the death knell for the use of lodine-
131 for remnant ablation in low-risk PTC patients who have had adequate initial
surgery, with complete tumor excision....It is our wish that, for patients with low-
risk (MACIS<6) PTC, the era of the “radioactive eraser” will soon be a memory

from the last quarter of the twentieth century.”

The practical implications of these findings and their subsequent impact on
endocrine practice at the Mayo Clinic in Rochester, Minnesota were well
documented within the 2006 and 2007 manuscripts in Journal of Surgical
Oncology'” and Endocrine Practice'®. In 2008 Prof Hay joined with Prof
McDougall of Stanford University and Prof Sisson on the University of Michigan
to provide a “special contribution”’ to the Journal of Nuclear Medicine where they
took issue with the “stance that postoperative radioiodine remnant ablation should
be applied ubiquitously as adjuvant therapy in patients with well-differentiated
thyroid carcinoma” and they provided therein the data for a “compelling case

against ablation in most patients™.

Professor Hay’s final contributions®”- 28 to studies of postoperative outcome and the

influence of RRA in LRAPTC resulted from work which he carried out during
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2018-22 in order to follow-up on the 4946 PTC patients within the MRPD having
primary treatment during 1935-2019 and with 77,549 patient-years of observation.

The penultimate RRA paper?’ published in Mayo Clinic Proceedings in 2021
detailed a study designed to determine whether RRA reduced CSM or TR rates
after potentially curative BLR in 2952 LRAPTC patients (with MACIS scores<6)
managed at Mayo Rochester during the 6 decades of 1955-2014. During 1955-74,
1975-94, and 1995-2014, RRA was administered to 3%, 49% and 28% of patients.
During 1955-74, the 20-yr CSM and TR rates after BLR alone were 1.0% and
6.8%; rates after BLR+RRA were 0% (p=0.63) and 5.9% (p=0.82). During 1975-
94, post-BLR 20-yr rates for CSM and TR were 0.3% and 7.5%; after BLR+RRA,
rates were higher at 0.9% (p=0.31) and 12.8% (p=0.01). 39% of the node-negative
patients were ablated, whereas 64% of the node-positive patients underwent
BLR=RRA. When TR rates were examined separately for 448 node-negative and
317 node-positive patients, differences were nonsignificant in both node-negative

(p=0.14) and node-positive (p=0.99) patients.

During the most recent 2-decade period of 1995-2014, 1630 consecutive patients
with MACIS scores<6 who had undergone potentially curative BLR were studied.
Median follow-up was 8.4 years and the longest follow-up was 24.6 years. Post-
BLR 20-yr CSM and TR rates were 0% and 9.2%; rates after BLR+RRA were
higher at 1.4% (p=0.19) and 21.0% (p<0.001). In 890 node-negative (pNO) cases,
15-yr LRR rates were 3.4% after BLR and 3.7% after BLR+RRA (p=0.99). In 740
node-positive (pN1) patients, 15-yr LRR rates were 10% higher after BLR+RRA
compared with BLR alone (p=0.01). However, when one compares, within this
node-positive LRAPTC population, the 740 patients when stratified by their
metastatic nodal burden (grouped as single, 2-4, 5-9 or 10 or more NNM) RRA did
not, in any of the 4 groups, significantly reduce 15-yr LRR rates (p values >0.10).
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In this 2021 study?’ postoperative RRA, given during 60 consecutive years at
Mayo Clinic to LRAPTC patients who had been treated with potentially curative
BLR, did not significantly reduce either the CSM or TR rates, even in those
LRAPTC patients with the highest metastatic nodal burden. Prof Hay and his team
therefore strongly advised?*’against the use of RRA in LRAPTC patients with
MACIS scores below 6 undergoing BLR with curative intent. They pointed out?’
that “if such a policy were to be followed, at least 85% of APTC patients being

presently diagnosed in the United States would not need to be exposed to RAI”.

As Professor Hay was completing the 2021 study?’ showing a failure of RRA to
improve postoperative outcome in LRAPTC as identified by MACIS scores <6, he
recognized that, by publishing a study using a prognostic score derived from Mayo
data in the Proceedings of the Mayo Clinic, he might easily permit colleagues from
other institutions to overlook these results since they did not routinely use
prognostic scoring as an aid to guide the selective use of RRA. In order to increase
the relevance of the Mayo findings to those many international centers which were
now regularly using the latest (8™ edition) pTNM system® he therefore resolved to
apply the pTNM system to outcomes observed in the MRPD. Since four of the
presenting variables contained in the MACIS system are also considered in the
TNM system, it was expected that the conclusions with regard to the efficacy of

RRA after potentially curative BLR may well be similar.

In the 2022 study?® published in the European Thyroid Journal 2668 eligible stage I
APTC patients were divided into a THEN cohort of 809 patients (36% BLR+RRA)
managed during 1966-90, when RRA rates rose 10-fold, and a NOW cohort of
1859 patients (29% BLR+RRA) managed during 1991-2015, when RRA rates
progressively fell. The two cohorts were separately analyzed. In the THEN cohort
20-year CSM rates were 0.6% after BLR and 1.2% after BLR+RRA (p=0.66).
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During 1991-2015 no CSM occurred in 1859 patients. In the THEN cohort (1966-
90) RRA did not improve TR rates at local, regional or distant sites (p>0.1) when
compared to BLR alone. In the NOW cohort 20-yr LRR rates in 1157 pNO/NX
patients were 3.1% after BLR and higher (p=0.049) at 8.6% after BLR+RRA. In
four pN1 groups, stratified by NNM burden, RRA did not significantly reduce the
LRR rates observed after BLR alone (p>0.5). It was notable that in the NOW
cohort managed during 1991-2015 the 20-yr TR rate after BLR+RRA was still
20%, 91% of the total number of recurrent events (at any site) were in NNM, and
not one was associated with death from PTC. Overall, as expected, given the
results from the 2021 MACIS <6 paper, this study demonstrated that in a 5-decade
experience postoperative RRA administered to stage I APTC patients did not
reduce either CSM or TR rates. The strong recommendation from the study results
was that RRA should not be indicated when pTNM/AJCC stage I APTC patients

have undergone potentially curative bilateral thyroidectomy.

Efficacy of EA for Local Control of Recurrent NNM. In 1988 Prof Hay was

involved in two collaborations that resulted in “radiological firsts”. One paper®!,
on which he was the senior author, described the first reported series of PTC
patients who had undergone successful USGB of neck masses in their postop
management. In the second paper, Charboneau and Hay®* described the first
successful use of EA to ablate a parathyroid adenoma which had resulted in

hyperparathyroidism in a patient considered unsuitable for neck re-exploration.

In 1991 Prof Hay invited Prof Charboneau to treat with EA two left central NNM
in a patient with medullary thyroid carcinoma who had undergone 3 prior neck
surgeries and had previously undergone transection of his right recurrent laryngeal
nerve. These NNM disappeared on US scanning within 10 months? and did not

recur after 20 years of follow-up. The same team treated in 1993 a woman who had
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undergone neck surgery, successful RRA and 5400cGy of external irradiation for
her PTC but was found to have a 3.2X1.0X1.0 cm mass (1664 mm?® volume) of
tumor adjacent to the carotid bulb, deemed to be inoperable. At 18 years after EA
her serum Tg was undetectable, her PET-CT showed no foci of metastatic disease
and her avascular node>® was now significantly reduced in size to 0.6X0.5X0.5 cm
(78mm? volume; reduction of 95%). Between 1993 and 2000 thirteen other APTC
patients (predominantly TNM stage 1 patients operated at Mayo) underwent
successful EA of 28 NNM'°. All treated NNM decreased in volume from a mean of
492 mm?® to a mean volume of 20 mm? at 2 years after EA. It was concluded'® in
2002 that EA was a valuable new outpatient treatment option for PTC patients with

limited NNM who were not amenable to further surgical or radioiodine therapy.

By 2013 a series?? of 37 NNM in 25 APTC patients with advanced localized
disease (TNM stage III or IVA) had been successfully treated by EA and followed
for up to 13 years after EA. After EA 35/37 (95%) decreased in volume and 17
(46%) disappeared on US scanning. No ablated NNM had detectable intra-tumoral
Doppler flow. Serum Tg fell in 86%. None of the 37 ablated NNM, followed on
average for 5.4 years, required further intervention. None of the 25 patients
developed permanent hoarseness from recurrent laryngeal nerve damage. Six
patients (24%) subsequently developed 18 “new” recurrences; 15 (83%) were
managed successfully by EA rather than by a further neck dissection. It was
estimated?? that the 25 ablated patients, by avoiding 40 further neck re-explorations
had saved their health providers approximately 1.54 million dollars. It was
therefore concluded that EA for selected NNM in stages III and IVA PTC was safe,

effective and cheaper than the conventional alternative of NNM dissection.

In the much more common situation of pTNM® stage I APTC with multiple

recurrent NNM (despite potentially curative BLR and RRA), increasing numbers
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of such patients were being referred to Mayo for possible EA. In 2013 about 100
EA procedures for NNM were done annually, but by 2020 the number of EA
procedures had approached 300. In that year Prof Hay’s group demonstrated® that,
in a single patient with stage I APTC treated previously by 3 neck surgeries and
two doses of radioiodine (cumulative dose 338 mCi), EA could be repeated on at
least 8 occasions to successfully eradicate NNM (with disappearance on re-
scanning) and achievable without complications or post-procedure hoarseness.
This patient’s progress was recently monitored at Mayo Rochester by one of Prof
Hay’s endocrine colleagues in February 2025 and he now has successfully

undergone EA of NNM at 16 different sites in his right neck.

During 2021-23 Prof Hay decided that he should follow-up on all the children and
adults with LRPTC for whom he had personally arranged EA of NNM during
2000-2018. The first of the two resulting publications *3° in the Journal of the
Endocrine Society was dedicated “to the memory of the late CCK, who 30 years
ago permitted IDH and JWC to treat her NNM with a novel alternative therapy”.

The 2023 paper? described for the first time in the literature a series of CPTC
patients being treated by EA for persistent/recurrent NNM. The 14 patients had
during 1978-2013 a potentially curative thyroidectomy and NNM dissection;
subsequently, 92% underwent RRA with a median dose of 50 mCi of RAI and
prior to EA 64% had undergone further neck re-explorations. Cytologic diagnoses
of 20 NNM (median volume 203 mm?) were biopsy-proven and EA was performed
with a total median volume of 0.7 cc of ethanol. Successful ablation required
reduction both in NNM volume and vascularity. Post EA, patients were followed
for 5-20 years (median 16). There were no complications. All 20 NNM shrank
(mean by 87%) and Doppler flow eliminated in 19 of 20. After EA, 11 NNM
(55%) disappeared on sonography. Nine ablated foci were identifiable after a
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median of 147 months; only one 5-mm node retained flow. The conclusion of the
paper was that EA for NNM in CPTC was both effective and safe. The results also
suggested that for CPTC patients, who do not wish further surgery and are
uncomfortable with active surveillance of NNM, EA represents a novel minimally
invasive outpatient solution for a problem that historically at Mayo Clinic has

d24,29

occurre in up to 33% of CPTC by 20 years after potentially curative surgery.

Professor Hay’s final PTC paper®® published in August 2024 was the first in the
literature to describe a series of EA-treated NNM in pTNM® stage I APTC patients
where each patient was followed post-EA for a minimum of 5 years (median
follow-up of 14 years). All 40 patients selected for study were required to have no
more than 4 biopsy-proven NNM containing PTC and needed to have been
regularly re-examined at Mayo Clinic by neck US to ascertain the completeness of
the EA procedure for a minimum of 4 years after initial EA. The clinical details of
the 40 selected APTC stage I patients were entered prospectively into an IRB-
approved computerized registry of more than 200 patients with differentiated
thyroid cancer treated by EA whose care had been supervised by IDH (the PI)
since 2001. For this study performed over a 23-year period (2001-23) the medical
records of all 40 studied patients were reviewed during April-June 2023 by the PI
and, when indicated, follow-up obtained directly from the patients themselves. All
neck sonograms were reviewed in 2023 by the most experienced interventional
sonographer, Dr RA Lee, who personally remeasured the volumes of each of 71
NNM, estimated the volumes of ethanol injected, reassessed the Doppler flow and

recalculated the volume reductions achieved by the time of last follow-up visit.

Sixty seven (94%) of the 71 NNM received 2-4 ethanol injections (total median
volume 0.8cc). All ablated 71 NNM shrank (mean volume reduction of 93%; nodal
hypervascularity was eliminated. Thirty eight NNM (54%) with initial volumes of
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12-1404 mm? (median 164) disappeared on neck sonography. Thirty three
hypovascular foci from ablated NNM (pre-EA volume range 31-636 mm?; median
147) were still identifiable with volume reductions of 45-97% (median 81%).
There were no complications and no post-procedure hoarseness. Final results were
considered to be ideal or near ideal in 55% and satisfactory in 45%. There was no
evidence of tumor regrowth® after EA. The results of this study demonstrated that
for AJCC stage I APTC patients, who do not wish further surgery or radioiodine
and are uncomfortable with active surveillance, EA can achieve durable control of

recurrent NNM.

Prof Hay and his colleagues in this final paper expressed their hope that the
relevant ATA Committees for both the Adult®* and Pediatric®® PTC Management
Guidelines would include EA in their deliberations as they prepare their final
manuscripts to be potentially released in later 2025. Moreover, they hoped that
“this novel inexpensive outpatient treatment will in the near future be made more
widely available to patients with stage I PTC patients worldwide by physicians,
whether they be radiologists, endocrinologists or any other medical practitioner
possessing the special skills of safely biopsying and injecting under US guidance
small cervical NNM. We earnestly hope that after 31 years of EA for NNM in PTC
practice and, with the results of this study and others like it, our physician
colleagues managing low-risk PTC patients will be encouraged to make greater use

of this therapeutic modality in their local centers of excellence”
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