











grade 2) or +3 (if grade 3 or 4), +1
(if extrathyroidal) or +3 (if distant
spread), +0.2 x tumor size (maxi-
mum diameter in centimeters). Ac-
cording to the AGES scores, the
1,038 patients treated during the
period 1946 to 1975 were divided
into four risk groups, as shown in
Figure 2. Group 1 (86%) had scores
of 3.99 or less and had a 20-year
mortality of only 1% from papillary
cancer. In contrast, the comparable
mortality rates for Groups 2
through 4, with scores of 4-4.99,
5-5.99 and 6+, were 14%, 56% and
92%, respectively.

Patients with scores of 3.99 or
less were considered to be at low
risk of cancer mortality and the ob-
served mortality from all causes for
this group did not differ through 25
years from the expected rate (Fig-
ure 3). By contrast, patients with
scores of 4 or more had a cancer
mortality at 25 years of 41% and
mortality from all causes at 5 and
15 years that were 16% and 22%
above expected. In a recent report
of 234 papillary and 76 follicular
cancers treated at the Lahey Clinic
from 1961 to 1980, Cady and

Rossi,* using a risk group classifi-
cation based on age, metastasis,
extent and size (AMES), found can-
cer death rates in their low- and
high-risk groups of 1.8% and 46%,
respectively — data very similar to
those reported for the AGES scor-
ing system. The results of these
studies®*? suggest that it is possi-
ble, at the time of initial treatment,
to assess an individual patient’s
risk of dying from papillary cancer,
and that postoperative adjunctive
therapy in the form of radioiodine
ablation should probably, in the fu-
ture, be restricted to that small
minority of patients who are identi-
fied to be at high risk of cancer-
related mortality.

DNA Ploidy Determination
in Papillary Carcinoma

In a wide range of human cancers,
tumor cell nuclear DNA content
has been considered to represent
“one of the best prognostic indices
of the malignant potential,”® and

the presence of an abnormal DNA
stemline has been regarded as “the
single most reliable marker of neo-
plasia.”®® Normal postmitotic dip-
loid human cells contain around 6 x
102 g DNA, corresponding to the
46 chromosomes (2n). During the
cell growth cycle the amount of nu-
clear BDNA doubles, and thus, the
nuclear DNA content in normal
human cells may exhibit values
varying from 6 to 12 x 102 g DNA.
Compared to normal cells, ma-
lignant thyroid tumor cells may
contain either the same or in-
creased amounts of DNA.®
Euploidy refers to the situation
in which nuclear DNA amounts are
predominantly in the diploid (2n)
and/or tetraploid (4n) regions,
whereas DNA aneuploidy is felt to
represent “a chromosome comple-
ment that is not an exact multiple
of the haploid (n) number of chro-
mosomes.”* Two different meas-
urement techniques are presently
available for determining DNA
ploidy. The original analytic tech-
niques were performed on morpho-
logically identified single cells in
cytologic specimens or tissue sec-

Figure 2. Cumulative mortality from papillary thyroid carcinoma,

plotted by four risk groups derived from classification by AGES
scoring system.
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Figure 3. Cumulative mortality for all causes of death in patients at
either low-risk (AGES score < 3.99 ) or high-risk (score > 4) of death
from papillary thyroid cancer. Note that 86% of the patients had an
observed mortality (all causes) identical to North Central U.S.
controls.
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tions mounted on a microscope slide
(slide cytophotometric method). In
the second technique, flow
cytometry, the DNA is extracted
from cell homogenates and prepared
as a nuclear suspension for analysis
by a flow cytometer; this method
combines a highly accurate DNA
measurement with a rapid flow-
through, thus providing represen-
tative DNA distribution of cell
populations.® On the basis of flow
cytometric measurements in various
malignancies, DNA aneuploidy has
come to be regarded as “the most
common specific cell marker in
cancer and leukemia,”®

Based on data derived from 90
patients with papillary thyroid car-
cinoma studied by single-cell slide
cytophotometry, Backdahl has
claimed that, in papillary cancer,
nuclear DNA content has a “predic-
tive power significantly greater than
that of all other prognostic factors
combined.”® By contrast, in a flow
cytometric study of 125 patients
with differentiated thyroid
carcinoma (68% papillary), Joensuu
et al® found that, although DNA
aneuploidy was a powerful adverse
prognostic factor when analyzed
alone, it was not an independent
factor in Cox’s stepwise propor-
tional hazard analysis. In a re-
cently published Dutch study of
113 patients with differentiated
cancer (62% papillary), when over-
all survival was taken as the sta-
tistical endpoint, a Cox’s model
multivariate analysis designated
abnormal nuclear DNA content with
multiple aberrant stemlines as the
only significant prognostic factor in
the group of 91 patients without
initial distant metastases.?”’

In a case-control study of lethal
papillary cancer, Smith and as-
sociates at the Mayo Clinic
confirmed that the DNA ploidy pat-
tern, as determined by flow cy-
tometry, was a significant prog-
nostic variable.?® However, in con-
trast to the slide cytophotometric
DNA data,?? death from thyroid
cancer was not confined to patients

with DNA nondiploid tumors,
which accounted for only 25% of the
cancer-related deaths. In a recent
expansion of this case-control study
to 35 pairs, abnormal DNA content
was not associated with patient
age, tumor grade, tumor extent,
tumor size or AGES prognostic
score. After adjusting for patient
age at initial treatment, the rela-
tive risk of thyroid cancer death as-
sociated with an abnormal (nondip-
loid) DNA content was estimated at
3.25.37 In a further study of 100
high-risk patients (AGES score >
4), after adjusting for AGES score
in a Cox model analysis, significant
differences in survival were still
seen between DNA diploid (normal)
and DNA nondiploid (abnormal)
tumors. Thus, at least in high-risk
patients (AGES score > 4) with pap-
illary tumors, the finding of an ab-
normal DNA content appears to be
associated with a higher cancer
mortality. It would therefore seem
that nuclear DNA measurements in
papillary thyroid carcinoma may
indeed provide significant informa-
tion that is independent of those
factors conventionally determined
by clinician and pathologist.

Prognostic Factors
in Follicular Carcinoma

In the past 4 years, more than 500
follicular cancer patients in Europe
and Canada have been studied by
multifactorial analysis. In all four
studies published in

English, 192438 patient age was
found to be a significant variable,
but only in the smallest study!” was
it ranked as the most important.
Extrathyroidal invasion was also
significant in the four studies and
was ranked most significant in the
largest study.? Distant metastases
were highly ranked in the two
larger studies?**® but were not
found significant in the other
two.'”1® Nodal involvement was

considered an important factor in
two studies,'®?* while variables
found significant in only one study
included marked cellular atypia,'’
degree of invasiveness,*® histologic
subtype®® and postoperative mi-
croscopic status.?

Although controversy exists re-
garding the prognostic utility of cy-
tometricnuclear DNA determination
in pure follicular cancers,?%2°
there seems less doubt that meas-
urements of DNA ploidy may pro-
vide useful prognostic information
in the Hiirthle cell variant of follic-
ular carcinoma. In a recent anal-
ysis of outcome in 50 Hiirthle cell
patients treated at the Mayo Clinic,
DNA ploidy status was found to be
an important independent prognos-
tic factor.?® In this study, deaths
from thyroid cancer were restricted
to those patients whose tumors
were DNA aneuploid, a finding
confirmed in three other recent flow
cytometric reports of 29 Hiirthle
cell cancers.?** Of the 46 DNA
aneuploid Hiirthle cell cancers de-
scribed in these four studies, 21
have resulted in patients’ deaths,
while none of the 33 patients with
DNA diploid or DNA tetraploid/
polyploid tumors have thus far
died as a consequence of thyroid
cancer. The principal results
derived from the recent Mayo
study® are illustrated in Figure 4.

Prognostic Factors
in Medullary Carcinoma

Since 1984 there have been three
studies of medullary cancer em-
ploying multivariate methods to
identify significant prognostic vari-
ables. In the study of Tennvall,’”
which included only 26 cases, ex-
trathyroidal invasion was the only
significant prognostic variable.
However, in both of the larger se-
ries, with a total of 221 cases, men
and patients older than 40 years
had a greater risk of dying of me-
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Figure 4. Distribution of DNA histogram patterns (left panel) and survival to death from cancer according to DNA ploidy pattern (right
panel) in 50 patients with Hiirthle cell cancer operated on at the Mayo Clinic from 1943 to 1985.

dullary cancer than women and
those younger than 40 years.*** In
the M.D. Anderson study,* pa-
tients with extrathyroidal invasion
or distant metastases (Stages III or
IV) had a worse prognosis than
those with Stage I or II disease. In
the study from Hamburg,** the
stage of disease also exerted a
significant influence on prognosis,
with distant metastases being
ranked most important, followed by
sex and age and then by nodal
status and extrathyroidal invasion.
In the 1984 M.D. Anderson
study,* patients with medullary
carcinoma associated with multiple
endocrine neoplasia type Ila (MEN-
IIa) had a much better adjusted
survival rate than those with spo-
radic disease. However, in a recent
reexamination of this question,
Samaan and colleagues®® reported
that most patients with sporadic
tumors were older and had more
advanced disease. Also, in a review
of 202 patients with medullary can-
cer treated between 1943 and 1987,
these authors were unable to dem-
onstrate any differences in survival
rates when patients from these two
groups were matched for age, sex
and extent of disease. They con-
cluded that the apparently poor
prognosis of patients with sporadic

medullary carcinoma is related not
to inherent differences between the
two forms of the disease “but,
rather, to the fact that sporadic
medullary thyroid carcinoma is of-
ten detected at a later stage when
the patients are older.”*®

Prognostic Factors
in Anaplastic Carcinoma

As noted earlier, few retrospective
reports have used multivariate
methods to study outcome in ana-
plastic thyroid carcinoma. This is
probably for two reasons: First, the
disease is rare (6% to 7% of all thy-
roid cancers in the larger series),
and second, the 5-year mortality
from the tumor generally exceeds
95%.1%45 In the larger of the two
available studies using multifacto-
rial analysis,' the most significant
variable was the tumor stage. The
only other significant variable was
the symptom cluster of dysphonia,
dyspnea and dysphagia. In the
study of 82 anaplastic cancers
treated at the Mayo Clinic between
1946 and 1970, Nel and associates?*®
found extent of disease, tumor size
and histologic subtype to be

significant predictive factors.
Nodal involvement was not
strongly related to a poor progno-
sis. Tumor size of less than 6 cm
and small cell histotype were con-
sidered to be “relatively favorable”
features. However, the lethality of
the tumor was evidenced by a 5-
year survival of only 3.6% and a
median survival of 4 months.

Potential Applications
for Prognostic
Scoring Systems

If two treatment groups that are
not nearly identical with respect to
important prognostic variables are
compared, apparent differences in
the results of treatment may result
from failing to “compare like with
like” — that is, the differences may
be due to imbalances in the prog-
nostic factors.! Mazzaferri has re-
cently suggested that the two most
controversial issues in thyroid can-
cer management continue to be
“the extent of thyroid surgery that
is optimal and the indications for
postoperative radioiodine ther-
apy.”! It is'possible that these con-
troversies may, in part, have arisen
because of a failure to adjust for




imbalances in important prognostic
variables when various treatments
in thyroid cancer have been com-
pared. If that is the case, then
comparing treatments in groups of
patients matched for prognostic
variables may permit some
clarification of these hotly debated
issues.

The AGES prognostic scoring sys-
tem, devised for the classification of
patients with papillary thyroid can-
cer,® permits the identification of a
large group (approximately 85%) at
low risk of death from cancer (1%
at 20 years) and a much smaller
group (around 15%) at greatly in-
creased risk of such mortality. We
have used this scoring system as an
adjustment variable in analyzing
the role of different surgical treat-
ments in determining outcome in
patients with papillary thyroid can-
cer.’ In 734 patients with AGES
scores < 3.99 (low-risk group), no
improvement in survival was de-
monstrable when patients under-
went more than ipsilateral lobec-
tomy as an initial surgical therapy.
By contrast, in 116 patients at
higher risk (AGES scores > 4), sur-
vival after bilateral lobar resection
was much higher than after ipsilat-
eral lobectomy alone. In neither
group was survival up te 25 years
significantly improved by the per-
formance of a total thyroidectomy.
Thus, no evidence was found to jus-
tify a recent claim that “the risks
(of total thyroidectomy) are ac-
cepted as a fair trade-off for de-
creased long-term mortality.”*’

Recently, the same approach has
been used for analyzing the rela-
tionship between different types of
surgical treatment and local tumor
recurrence in 963 papillary carci-
noma patients who had complete
tumor resection with curative
intent.*® In 866 patients with
AGES scores < 3.99, the risk of lo-
cal recurrence developing after 20
years was 4% after lobectomy and
2% after bilateral resection (p <
0.001). In neither the low-risk nor
the high-risk group was there a

significant difference in the fre-
quency of local recurrence between
patients who had undergone total
thyroidectomy and those who had
bilateral subtotal or near-total thy-
roidectomy.

We believe that, by using our
prognostic scoring system, we have
been able to provide a better as-
sessment of the optimal extent of
initial surgical resection in papil-
lary thyroid cancer. We are plan-
ning now to apply our analytic
methods to a study of the efficacy of
radioiodine remnant ablation in
patients with papillary thyroid car-
cinoma who have been treated at
the Mayo Clinic during the past
three decades. It is our hope that
an awareness of such a scoring sys-
tem for papillary cancer will permit
what Mazzaferri has described as
“a selective approach to therapy
that avoids unnecessarily aggres-
sive treatment for tumors that are
likely to follow a benign course, and
inadequate therapy for others anti-
cipated to display aggressive
behavior.”3!

Conclusion

In a remarkably short period of
time, the truly important prognos-
tic factors in the various histologic
types of thyroid carcinoma have be-
come more clearly identifiable,
thanks in large measure to the
wider application of multivariate
analysis. The knowledge accumu-
lated from multifactorial analytic
methods in thyroid cancer has per-
mitted the development of novel
prognastic scoring systems ap-
plicable either to the whole spec-
trum of thyroid cancer or tailored
to specific histologic subtypes.
Such indices may permit a more ra-
tional comparison of treatment in
retrospective studies and might
constitute a stratification variable
in future prospective therapeutic
trials. It is also hoped that, by ac-

curately identifying the minority of
patients at highest risk of cancer
death, these indices will allow
greater individualization of cancer
therapy. Lastly, by highlighting
significant prognostic variables,
such analyses may direct research-
ers toward a better understanding
of thyroid carcinogenesis and the
development of newer forms of
postoperative therapy.
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