
109G.D. Braunstein (ed.), Thyroid Cancer, Endocrine Updates 30,
DOI 10.1007/978-1-4614-0875-8_6, © Springer Science+Business Media, LLC 2012

Introduction

A multitude of retrospective studies have identified 
prognostic factors for the mortality and recurrence 
rates of thyroid carcinoma. Using a combination of 
these factors, many medical institutions have devel-
oped their own systems for the staging of thyroid 
carcinoma and the system used depends on 
physician or medical center preference. The stage 
of cancer generally refers to the extent, or invasion 
of disease, and how far the cancer has metastasized. 
The goal of each staging system is to provide a 
more precise depiction of the tumor, to aid the phy-
sician in the selection of the best course of treat-
ment for the patient, and to assist in the prediction 
of disease-specific mortality. Depending on which 
system is utilized, major prognostic factors can 
include histologic variant, tumor grade, patient age, 
tumor size, lymph node involvement, invasion of 
adjacent structures surrounding the neck, or distant 
metastasis to other organs.

Most staging systems described in this chapter 
incorporate these prognostic factors while some 
may also include gender or extent of thyroidec-
tomy performed as contributing features. Some 
systems restrict their staging and applicability to 
the relatively low risk and long-term survivability 
of the well-differentiated papillary (PTC) and 

follicular thyroid carcinomas (FTCs). Other stag-
ing systems include the higher risk, less differen-
tiated thyroid carcinomas, namely medullary 
(MTC) and the more fatal anaplastic thyroid car-
cinomas (ATCs).

In general, the majority of all thyroid cancers 
are well-differentiated PTC and FTC which have a 
more favorable mortality outcome and recurrence 
rate when compared to patients with MTC and 
ATC. However, a worse prognosis is usually 
observed with any type of thyroid cancer that has 
aggressively invaded through the thyroid capsule 
or metastasized to distant organs. While distant 
metastasis is relatively rare among well-differenti-
ated thyroid carcinoma (WDTC), the lungs and 
bones are the most common sites of spread and 
can dramatically increase mortality rates [1–3]. As 
a result, thyroid cancer encompasses a wide spec-
trum of disease resulting in staging, mortality, and 
recurrence rates that can vary considerably depend-
ing on the system used. Thus, staging of thyroid 
cancer should factor in these differing prognostic 
factors so physicians can avoid over-treating low-
risk patients as well as under-treating high-risk 
patients who need more aggressive treatments.

This chapter introduces the major staging systems 
for thyroid carcinomas as well as their corre-
sponding survival and mortality rates. These systems 
are then applied to data from the Thyroid Cancer 
Center at Cedars-Sinai Medical Center (CSMC) 
based in Los Angeles, California. This analysis is 
done in order to compare each staging system’s 
accuracy with predicting survival within this 
patient population. This database was established 
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in 2007 and includes many variables such as 
patient demographics, tumor type, size, and various 
treatment modalities of thyroid carcinoma 
patients. It currently has approximately 1000 dif-
ferentiated thyroid carcinoma patients and is a 
retrospective chart review of patients from primary 
surgeons and select endocrinologists at CSMC.

Common staging Systems

AGES System

Developed in 1987 by Mayo Clinic physicians for 
PTC, AGES is defined as age, histologic grade, 
extrathyroidal extent, and tumor size. It is difficult 
to apply to most patients because tumor grade is 
rarely reported on pathology reports [4, 5]. 
Additionally, determining tumor grade requires 
additional time, expense, and expertise which are 
not always readily available or possible at all medi-
cal centers [4–6]. Table 6.1 shows how to compute 
the AGES score and its corresponding 25-year 
cause-specific mortality rate among the Mayo 
Clinic’s 860 PTC patients [5, 7, 8]. This system 
was later expanded and Mayo Clinic physicians 
introduced the MACIS staging system in 1993 
which eliminated grade and included surgery type.

AMES System

The AMES binary system was developed in 1985 at 
the Lahey Clinic and refers to a patient’s age, metas-

tases, extent of tumor, and tumor size [4, 9]. Size 
was found to be a very important factor in this sys-
tem as 50% of older patients with tumors ³5 cm 
died of their disease [9]. Cady and Rossi found that 
their 20-year survival rate among the low-risk group 
was 98% versus 54% in their high-risk group [9, 
10]. As Table 6.2 shows, differentiated thyroid can-
cer (DTC) patients are either Pstaged as low or high 
risk [8–11]. Figures 6.1 and 6.2 show overall sur-
vival of DTC patients at CSMC using this system.

Clinical Class System/University  
of Chicago System

Developed in 1990 at the University of Chicago, 
the Clinical Class system incorporates  intra- and 
extrathyroidal tumors, nodal tissue involve-
ment, and distant metastasis. It is applicable to 
DTC and divides patients into four different 
classes: class I includes patients with disease 
limited to the thyroid (T1/T2); class II patients 
have lymph node involvement (N1); class III 
patients have extrathyroidal invasion or incom-
pletely resected lymph nodes; and class IV 
includes patients with distant metastasis (M1) 
[11, 12]. A 20-year  disease-specific mortality 
in each class was 1, 3, 14, and 70% respectively 
[11]. Figures 6.3 and 6.4 show overall survival 
of DTC patients at CSMC.

Table 6.2 AMES system

Low-risk group

A. All younger patients without distant metastases  
(men <41, women <51)

B. All older patients with:
1. Intrathyroidal PTC or FTC with minor tumor 

capsular involvement and
2. Primary cancers <5 cm and
3. No distant metastases

High-risk group
A. All patients with distant metastases

B. All older patients with:
1. Extrathyroidal PTC or FTC with major tumor 

capsular involvement and

2. Primary cancers ³5 cm regardless of extent 
of disease

Reproduced with permission from Cady and Rossi [9] 
Copyright 1998 Elsevier

Table 6.1 AGES system

+0.05 × Age if ³ 40 years old, +0 if <40 years
+1 if Grade 2 (poorly differentiated FTC), +3 if grade 3 
or 4 (poorly differentiated PTC or tumors with 
anaplastic components)
+1 if Extrathyroidal invasion present
+3 if Distant metastasis is present
+0.2 × tumor size in cm
= AGES Score

Total score Risk group 25-year mortality rate(%)

<4 1  2
4–4.9 2 24
5–5.9 3 49

³6 4 93

Created using data from Hay [7]
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DAMES System

Developed at the Karolinska Hospital and 
Institute, the DAMES staging system’s prognos-
tic factors include DNA ploidy, age, metastasis, 
extent, and size of tumor. Similar to the AGES 

system, the DAMES system is rarely used because 
determining DNA ploidy requires complex flow 
and image cytophotometry which is expensive 
and time consuming [5, 13]. Using both types of 
cytophotometry to analyze DNA, a histogram is 
created to show how many chromosomes are in 

Fig. 6.1 Overall survival of 914 PTC patients using the AMES system

Fig. 6.2 Overall survival of 67 FTC patients using the AMES system
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the cell. An aneuploid tumor has DNA that is out-
side a specified region and is considered a more 
aggressive tumor than a euploid tumor [13].

The DAMES system divides PTC patients 
among three risk groups. The low-risk group 
includes patients in the AMES low-risk category 
with euploid tumors. The intermediate risk group 
includes those in the AMES high-risk group with 
euploid tumors. The high-risk group includes 

patients in the AMES high-risk group with 
aneuploid tumors, which carries a worse progno-
sis [13, 14]. The DAMES high-risk group follows 
a similar biological pattern as that of ATC [13]. 
No patients in their study were AMES low risk 
with aneuploid tumors [13]. The death rates for 
the 73 patients in the low-, intermediate-, and 
high-risk groups were 2% at 8.4 years, 4.5% at 
10 years, and 100% at 2 years, respectively [13].

Fig. 6.3 Overall survival of 914 PTC patients using the Clinical Class system

Fig. 6.4 Overall survival of 67 FTC patients using the Clinical Class system
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EORTC System

Developed in 1979, the European Organization 
for Research on the Treatment of Cancer (EORTC) 
system is among the oldest thyroid cancer staging 
systems. EORTC is a scoring  system based on 
multivariate analysis from 23 different European 
hospitals. It is applicable to all histologic types of 
thyroid carcinoma and assigns a numeric score to 
significant variables such as patient age, gender, 
thyroid cancer type, extrathyroidal invasion, and 
distant metastases [8, 15]. Table 6.3 shows how 
each risk group is computed as well as its five-
year disease-specific survival rate [15]. Figures 6.5 
and 6.6 show overall survival of thyroid carci-
noma patients at CSMC.

MACIS System

Developed in 1993 from physicians at the Mayo 
clinic and adapted from the AGES staging 
 system, MACIS is an acronym for metastases, 
age, completeness of resection, invasion, and 
tumor size [4, 5, 11, 15–17]. Through multifac-
torial analysis of these variables, they developed 
a  scoring system for papillary thyroid cancer 
where each characteristic is assigned a numeric 
score. Survival rates are determined based on 
this total weighted score divided between four 
risk groups. Table 6.4 shows how MACIS is 

computed and how each score corresponds to a 
20-year disease-specific survival rate [5, 8, 16, 
17]. Figure 6.7 shows overall survival of PTC 
patients at CSMC.

Memorial Sloan Kettering System

The Memorial Sloan Kettering staging system 
was developed in 1994 and through their data on 
1,038 differentiated thyroid cancer patients, 
researchers found that age, tumor size, histology 
type and subtype, extrathyroidal extension, and 
distant metastasis were significant factors in their 
staging of thyroid cancer [16, 18–21]. Nodal tis-
sue involvement was not found to be a significant 
factor in this system. High grade, as shown in 
Table 6.5, is defined as FTC tumors with extraca-
psular invasion and Hurthle cell or tall cell vari-
ant [22]. Patients were classified as either low, 
intermediate, or high risk based on these criteria. 
Table 6.5 shows how each risk group is defined 
[16, 18–20, 22].

Sloan Kettering found that among the low-, 
intermediate-, and high-risk groups, 20-year dis-
ease-free survival rates were 99%, 85%, and 57% 
respectively [19, 20]. Figures 6.8 and 6.9 show 
overall survival of DTC patients at CSMC.

Noguchi Thyroid Clinic System

The Noguchi Thyroid Clinic system was devel-
oped in 1994 for PTC and includes three risk 
groups. Its prognostic factors include age, lymph 
node involvement, and gender [14, 23]. Although 
poorly differentiated PTC has a worse prognosis 
when compared to well differentiated PTC, this 
was not included in their initial analysis. 
Additionally, researchers excluded patients who 
had primary tumors of <10 mm, those aged >80, 
and patients with distant metastases [23]. As a 
result, the remaining patients were categorized 
into three risk groups as shown in greater detail in 
Table 6.6 [23]. Ten-year survival rates among 
males in the excellent-, intermediate-, and poor-
risk groups were 98%, 90%, and 74% respectively. 

Table 6.3 EORTC System

+Age at diagnosis
+12 if patient is male
+10 if MTC or if principal cell type is poorly differenti-
ated FTC
+45 if ATC
+10 if extrathyroidal (T3)
+15 if one distant metastasis is present
±15 if multiple distant metastases is present
= EORTC Score

Total score Risk group 5-year survival rate(%)

<50 I 95
50–65 II 80
66–83 III 51
84–108 IV 33

³109 V  5

Reproduced with permission from D’Avanzo et al. [8]
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Fig. 6.6 Overall survival of 67 FTC patients using the EORTC system

Among female patients, 10-year survival rates in 
each group were 99%, 96%, and 89% respec-
tively [23]. Figure 6.10 shows overall survival of 
PTC patients for both genders at CSMC. The sur-
vival curve for FTC was excluded due to the low 
number of FTC patients that fit Noguchi’s criteria 
in the CSMC database.

NTCTCS System

In 1986, the National Thyroid Cancer Treatment 
Cooperative Study (NTCTCS) compiled data 
from 14 different medical centers and 1,600 
patients [4, 11]. The goal was to establish a 
widely accepted staging system and to determine 

Fig. 6.5 Overall survival of 914 PTC patients using the EORTC system
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the effectiveness of each center’s treatment 
modalities [24]. Researchers used these data and 
developed their four-stage classification system 
for differentiated thyroid carcinomas. Each stage is 
detailed in Table 6.7 and includes differentiated 
thyroid cancers as well as MTC [24]. The NTCTCS 
concluded that age at diagnosis, tumor type, 
tumor size, extrathyroidal invasion, nodal, and 
distant metastases are contributing factors. Their 
research found that five-year disease-specific 
survival rates for PTC stages I–IV were 100%, 
100%, 93.8% and 78.5% respectively [24]. 
Additionally, five-year disease-specific survival 
rates for FTC nonoxyphilic stages I–IV were 
100%, 100%, 81.9%, and 37.1% respectively [24]. 
Figures 6.11 and 6.12 show overall survival 
among DTC patients at CSMC.

Ohio State System

Although not as widely used as the others, the 
Ohio State Scoring system was developed in 
1994 and includes tumor size, lymph node 
involvement, multifocality, distant metastasis, 
and extrathyroidal invasion as prognostic factors 
in stage and mortality [11, 14, 15, 25]. This is one 
of the few staging systems that incorporates mul-
tifocality as a prognostic factor. Table 6.8 shows 
how differentiated thyroid cancer patients are 
categorized and their 30-year disease-specific 
mortality rates [4, 11]. Figures 6.13 and 6.14 
show overall survival for DTC patients at 
CSMC.

SAG System

Developed in 1993 for well-differentiated thyroid 
carcinomas at the University of Bergen (Norway), 
the SAG system is another prognostic scoring 
system for PTC that is divided into three risk 
groups. SAG stands for sex, age, and grade [26, 
27]. Grade is based on vascular invasion, marked 
nuclear atypia, and tumor necrosis [26, 27]. 
Vascular invasion is usually associated with FTC 
but can also be found in some PTC cases. Nuclear 
atypia, as defined by Akslen [26], includes tumor 
cell nuclei with considerable pleomorphism and 

Fig. 6.7 Overall survival of 914 PTC patients using the MACIS system

Table 6.4 MACIS system

+3 if distant metastasis present
+3.1 if patient £39 years of age at surgery or 0.08 x 
age ³40
+1 if tumor incompletely resected
+1 if local invasion present
+0.3 × tumor size (cm)

Total score Stage 20-year survival rate(%)

<6 I 99
6–6.99 II 89
7–7.99 III 56
>8 IV 24%

Created using data from Hay et al. [5]
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Table 6.5 Memorial Sloan Kettering system

Low risk Intermediate risk High risk

Age <45 <45 >45 >45
Tumor size <4 cm >4 cm <4 cm >4 cm
Histology PTC FTC and/or high gradea PTC FTC and/or high grade
Extrathyroidal extension (T1/T2) (T3/T4) (T1/T2) (T3/T4)
Distant metastasis M0 M1 M0 M1

Reproduced with permission from Shaha et al. [19]. Copyright 1994 Elsevier
aHigh grade defined as tumors with extracapsular invasion, Hurthle cell, or tall cell variant

Fig. 6.8 Overall survival of 914 PTC patients using the MSK system

Fig. 6.9 Overall survival of 67 FTC patients using the MSK system
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hyperchromasia in at least one high-power field. 
However, this may also be associated with DNA 
aneuploidy as in the DAMES staging system and, 
as a result, may not be a practicable system for 
some medical centers. Additionally, tumor necro-
sis is defined as the absence or presence of 
necrotic areas within the tumor [26]. Vascular 
invasion, marked nuclear atypia and tumor necro-
sis, is also referred to as the VAN score, with 
grade 1 (low grade) meaning that none of these 
are present and grade 2 (high grade) meaning that 
any one of these features are present [26]. 
Table 6.9 shows how patients are scored and its 
corresponding 15-year mortality rate [26].

TNM System

First developed in 1940 and updated multiple 
times with the latest revision published in 2010 
(7th edition), the TNM staging system is one of 

the oldest cancer staging systems in existence. It 
is a joint classification effort between the Union 
Internationale Contre le Cancer (UICC) and the 
American Joint Commission on Cancer (AJCC). 
This system can be applied to as many as 23 dif-
ferent human organs and it is one of the more uni-
versally accepted staging systems for thyroid 
cancer. TNM stands for tumor size (T), lymph 
node involvement (N), and presence of distant 
metastasis (M) [4, 27–31]. Tumor size refers to 
the largest nodule found and lymph node 
 involvement can either be found in the central 
(level VI) or lateral compartments of the neck 
and can change a patient’s stage from III to IV 
depending on age and thyroid cancer type.

There are very minor changes in the 7th edition 
from the 6th edition which was published in 2002. 
The changes are as follows: T1 has further divided 
intrathyroidal tumors into T1a (£1 cm) and T1b 
(>1–2 cm), solitary tumors are now classified as s 
(instead of a) and multifocal as m (instead of b), and 

Table 6.6 Noguchi thyroid clinic

Excellent Intermediatea Poor

Age <45 £60 <50 50–55 >60 45–55 56–65 50–55 >55

Gender M M F F M M F F M All other F
Lymph node N0, N1 N0 N0, N1 N0 N0 N1 N0 N1 N1
aAlso includes females >65 and with tumor size <30 mm

Fig. 6.10 Overall survival of 881 PTC patients using the Noguchi system
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Fig. 6.11 Overall survival of 914 PTC patients using the NTCTCS system

Table 6.7 NTCTCS system

Tumor type

Papillary Carcinoma Follicular Carcinoma

Age <45 years Age ³ 45 years Age <45 years Age ³ 45 years

Primary tumor size (cm)
<1 I I I II
1–4 I II I III
>4 II III II III

Primary tumor description
Microscopic multifocal I II I III
Macroscopic multifocal or  

macroscopic tumor capsule 
invasion

I II II III

Microscopic extraglandular invasion I II I III
Macroscopic extraglandular invasion II III II III
Poor differentiation NA NA III III

Metastases
Cervical lymph node metastases I III I III
Extracervical lymph node metastases III IV III IV

Medullary Carcinoma
C-cell hyperplasia I
Tumor size < 1 cm II

Tumor size ³ 1 cm or positive  
cervical lymph nodes

III

Extraglandular invasion or  
extracervical metastases

IV

All anaplastic carcinomas are Stage IV
NA Not applicable
Copyright 1998 Wiley. Used with permission from Sherman et al. [24]
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Fig. 6.12 Overall survival of 67 FTC patients using the NTCTS system

Fig. 6.13 Overall survival of 914 PTC patients using the OHIO State Scoring system

Table 6.8 Ohio State system

Stage Criteria 30-Year Disease Specific Mortality

I Tumors £1.49 cm, no lymph node or distant metastasis 0%

II Tumors 1.5 to 4.49 cm or lymph node involvement or >3  
intrathyroidal multifocal tumors (any size)

6%

III Tumors ³4.5 cm or extrathyroidal extension 14%

IV Distant metastasis present 65%

Reproduced with permission from Sherman [11]
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the original terms “resectable” and “unresectable” 
anaplastic carcinomas are replaced with “moder-
ately advanced” and “very advanced.” However, 
these editions differ from the 5th edition in that 
tumor size was originally T1 for intrathyroidal 
tumors £1 cm, T2 for intrathyroidal tumors 1 cm to 
£4 cm, and T3 for intrathyroidal tumors >4 cm. T4 
included any tumor size with extrathyroidal exten-
sion [30, 31]. Additionally, the Mx(distant metasta-
sis cannot be assessed ) classfication was eliminated. 
All anaplastic thyroid carcinomas were also origi-
nally categorized as stage IV but updated in the 7th 
edition to include stages IVA for intrathyroidal 

tumors and IVB for extrathyroidal tumors, and IVC 
(all ATC patients with distant metastases) [30, 31]. 
Additionally among differentiated TC patients over 
the age of 45, the 6th and 7th edition groups these 
patients > 45 with minimal extrathyroidal extension 
as stage III and further divides type of extrathyroi-
dal invasion as stage IVA or IVB [30, 31]. All 
patients in this age group with distant metastases are 
classified as stage IVC [30, 31].

The TNM staging is applicable to all four 
types of thyroid cancer but the specific type of 
thyroid cancer plays an important role in deter-
mining stage. For example, PTC and FTC are 
classified in a range of stages from I to IV while 
ATC is categorized into stage IV only. Age of 
patient is an important feature in this system as a 
patient with PTC distant metastasis can either be 
given a stage II if under age 45 or a stage IVC if 
aged 45 and older. The thyroid is the only organ 
that uses age in the AJCC staging system with a 
division of patients below or above the age of 45 
[30, 31]. As a result, younger patients less than 
45 years of age with WDTC cannot be given a 
stage of III or IV, despite having distant metasta-
ses. Additional information on the TNM staging 
system is found in Tables 6.10 and 6.11. 

Table 6.9 SAG system

+1 if male
+1 if aged ³70 years
+1 if vascular invasion, marked nuclear atypia, or 
tumor necrosis is present
= SAG score

Total score Risk group 15-year mortality rate (%)
0 I 1.7
1 II 12
2-3 III 61

Copyright 1993 Wiley. Used with permission from 
Akslen [26]

Fig. 6.14 Overall survival of 67 FTC patients using the OHIO State Scoring system
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Table 6.10 TNM system, 7th edition

Tumor size (T)
All categories may be subdivided: (s) solitary tumor and (m) multifocal tumor (the largest determines  
the classification)
 TX Primary tumor cannot be assessed
 T0 No evidence of primary tumor
 T1 Intrathyroidal tumor £2 cm
 T1a Intrathyroidal tumor £1 cm
 T1b Intrathyroidal tumor >1 cm but not more than 2 cm
 T2 Intrathyroidal tumor >2 cm but not more than 4 cm
 T3 Intrathyroidal tumor >4 cm or tumor of any size with minimal

Extrathyroidal extension (i.e., sternothyroid muscle or perithyroid soft tissues)
 T4a Moderately advanced disease

Any size tumor with extension or invasion to subcutaneous soft tissues, larynx, trachea, esophagus,  
or recurrent laryngeal nerve

 T4b Very advanced disease tumor invading prevertebral fascia, encasing mediastinal vessels or carotid artery
All anaplastic thyroid cancers are considered T4
 T4a Intrathyroidal anaplastic carcinoma
 T4b Extrathyroidal anaplastic carcinoma
Lymph nodes (N)
 NX Regional lymph nodes cannot be assessed
 N0 No regional lymph node metastasis
 N1 Regional lymph node metastasis
 N1a Metastasis to Level VI (pretracheal, paratracheal, and prelaryngeal/Delphian lymph nodes)
 N1b Metastasis to unilateral, bilateral, or contralateral cervical (Levels I, II, III, IV or V) or superior 

mediastinal lymph nodes (Level VII)
Distant metastasis (M)
 M0 No distant metastasis
 M1 Any distant metastasis

Table 6.10 reproduced with permission from AJCC Cancer Staging Manual [31]

Table 6.11 TNM system, 7th edition

PTC/FTC  
< 45 years of age

PTC/FTC
³45 years

MTC
Any age

ATC
Any age

Stage I Any T, any N, M0 T1, N0, M0 T1, N0, M0 N/A
Stage II Any T, any N, M1 T2, N0, M0 T2-3, N0, M0 N/A
Stage III N/A T3, N0, M0 T1–T3, N1A, M0 N/A

T1–T3, N1A, M0
Stage IVA N/A T1–T3, N1B, M0 T4a, any N, M0 T4a, any N, M0

T4a, N0–N1, M0 T1–T3, N1B, M0
Stage IVB N/A T4b, any N, M0 T4b, any N, M0 T4b, any N, M0
Stage IVC N/A Any T, any N, M1 Any T, any N, M1 Any T, any N, M1

Table 6.11 reproduced with permission from [31]

Figures 6.15–6.18 show overall survival of DTC 
patients at CSMC using the TNM staging system 
for both the 7th and 5th editions.

Data from the AJCC Cancer Staging Manual (7th 
edition) show five-year disease-specific survival 
rates for stages I to IV for PTC is 100%, 100%, 93%, 

and 51%; FTC is 100%, 100%, 71%, and 50%; 
MTC is 100%, 98%, 81%, and 28%, respectively; 
and ATC stage IV is approximately 7% [29].

Four classifications can further be used to 
describe the TNM grouping. Clinical classification 
(c) is used before surgery has occurred and can take 
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place during a physical examination or imaging 
procedure. This aids in the selection of treatment 
and surgery. Pathologic classification (p) uses ana-
tomic information from the initial surgery and 
pathologic report. Retreatment classification (r) is 
for purposes of further treatment of a recurring can-
cer. Finally, autopsy classification (a) occurs during 

a postmortem examination where a cancer was 
incidentally found [30, 31]. These classifications 
are placed before the TNM grouping to provide 
further information to physicians. For example, 
under the TNM 7th edition, a multifocal PTC patient 
with no metastasis under age 45 who has  undergone 
surgery would be grouped as pT1mN0M0, stage 1.

Fig. 6.16 Overall survival of 67 FTC patients using the TNM 7th System edition

Fig. 6.15 Overall survival of 906 PTC patients using the TNM 7th System edition
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Fig. 6.17 Overall survival of 914 PTC patients using the TNM 5th System edition

Fig. 6.18 Overall survival of 67 FTC patients using the TNM 5th System edition

UAB-MDACC System

The University of Alabama (Birmingham) and 
M.D. Anderson Cancer Center (Houston) devel-
oped this staging system for well-differentiated 
thyroid cancers in 1999. Using multivariate anal-
ysis, the UAB-MDACC system includes only 
patient age and distant metastasis as prognostic 
factors [14, 15, 32]. These two factors are used 

to define low-, intermediate-, and high-risk 
patients. Table 6.12 shows how each risk group 
is defined.

Passler et al’s research found that their low-, 
intermediate-, and high-risk patients had a 5-year 
disease-specific survival rate of 99.4, 87.8, and 
54.4%, respectively [15]. Figures 6.19 and 6.20 
show overall survival for DTC patients at CSMC 
using this classification.
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University of Munster System

Developed in 1995, the University of Munster 
system includes differentiated thyroid cancer 
patients and defines tumor invasion (T4) or distant 
metastases (M1) as high risk. All other patients 

are considered low risk [14, 15, 33]. University of 
Munster data found that the 5-year survival rate 
among the high-risk group was 83% and among 
the low risk group was 97% [33]. Figures 6.21 
and 6.22 show overall survival of DTC patients at 
CSMC.

Fig. 6.20 Overall survival of 67 FTC patients using the UBA-MDACC system

Fig. 6.19 Overall survival of 914 PTC patients using the UAB-MDACC system
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Table 6.12 UAB-MDACC system

Low risk Intermediate risk High risk

Age <50 ³50 Any age

Distant metastasis Not present Not present Present

Created using data from Beenken et al. [32]

Fig. 6.21 Overall survival of 914 PTC patients using the University of Munster system

Fig. 6.22 Overall survival of 67 FTC patients using the University of Munster system
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Virgen de la Arrixaca University 
Hospital at Murcia (Spain) System

Between the years 1970 and 1995, approximately 
200 patients were treated at the Virgen de la 
Arrixaca University Hospital for PTC. Using 
multivariate analysis, they developed a scoring 
system specifically for PTC, and determined age, 
tumor size, extrathyroidal spread, and histologic 
variant of PTC were prognostic factors [14, 34]. 
Longer survival rates occurred in those patients 
younger than 50 years of age, having tumor sizes 
less than 4 cm, tumors with intrathyroidal spread 

only and among those with histological variants 
that did not include solid, tall-cell or poorly 
differentiated variants of PTC [34]. Table 6.13 
shows how each low-, intermediate-, and high-
risk group’s scores are calculated as well as their 
10-year tumor-related survival rate [14, 34]. 
Figure 6.23 shows overall survival of PTC 
patients at CSMC using this system.

Comparison of Staging Systems 
Using Csmc Data

Table 6.14 shows overall 5-, 10-, 15-, and 20-year 
survival for each staging system that is applica-
ble to the CSMC cohort with all having signifi-
cant p values of <0.05 with the exception of 
Munster FTC, Noguchi FTC (both genders) and 
the Virgen de la Arrixaca University Hospital 
Systems.

The systems AGES, DAMES, and SAG were 
not included in these analyses because not all of 
their prognostic factors were  available in the 
CSMC data set. Overall survival is also included 
using the Kaplan–Meier method for this popula-
tion. The relative importance of each staging 
 system to CSMC’s data was  determined using the 
proportion of variation explained (PVE).

Table 6.13 Virgen de la Arrixaca University at Murcia 
system

3× age (1 if <50, 2 if ³50)
+2× size of tumor (1 if 1–4 cm, 2 if >4 cm)
+6× spread (1 if intrathyroidal, 2 if extrathyroidal)
+2× histologic variant (1 if well-differentiated, follicular 
variant or diffuse
sclerosis, 2 if solid or tall cell, 3 if poorly differentiated 
PTC)
= Virgen de la Arrixaca University at Murcia Score

Total score Risk group 10-year survival rate(%)

<18 Low 100
18–22 Medium 77
>22 High 39

Reproduced with permission from Sebastian et al. [34]

Fig. 6.23 Overall survival of 477 PTC patients using the Virgen de la Arrixaca University system
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Table 6.14 Overall survival of PTC and FTC in each staging system

Staging System No. of pts No. of deaths
Overall survival p value  

(log rank)5-yr 10-yr 15-yr 20-yr

EORTC – PTC
I 474 17 0.99 0.98 0.98 0.96 <0.0001
II 254 25 0.98 0.95 0.89 0.83
III 149 27 0.94 0.88 0.79 0.67
IV 34 15 0.72 0.67 0.33 0.00
V 3 3 0.00 0.00 0.00 0.00
EORTC – FTC
I 35 0 1.00 1.00 1.00 1.00 <0.0001
II 15 1 1.00 0.90 0.90 0.90
III 13 4 0.85 0.76 0.61 0.61
IV 3 2 1.00 0.50 0.00 0.00
V 1 1 1.00 0.00 0.00 0.00
Clinical class – PTC
I 505 46 0.98 0.94 0.91 0.87 0.0050
II 176 10 0.98 0.97 0.91 0.91
III 216 26 0.95 0.94 0.89 0.84
IV 17 5 0.71 0.71 0.71 0.71
Clinical class – FTC
I 41 3 1.00 0.93 0.89 0.89 0.0120
II 3 0 1.00 1.00 1.00 1.00
III 20 3 0.95 0.89 0.81 0.81
IV 3 2 0.67 0.00 0.00 0.00
MACIS – PTC
I 754 48 0.98 0.97 0.94 0.91 <0.0001
II 70 16 0.94 0.83 0.72 0.55
III 37 9 0.86 0.86 0.64 0.64
IV 20 9 0.60 0.60 0.50 0.50
NTCTCS – PTC
I 618 42 0.98 0.96 0.93 0.90 <0.0001
II 171 19 0.96 0.94 0.89 0.87
III 118 21 0.91 0.88 0.77 0.66
IV 7 5 0.29 0.00 0.00 0.00
NTCTCS – FTC
I 23 0 1.00 1.00 1.00 1.00 <0.0001
II 15 1 1.00 0.91 0.91 0.91
III 26 5 0.96 0.86 0.71 0.71
IV 3 2 0.67 0.00 0.00 0.00
OHIO – PTC
I 325 30 0.98 0.95 0.91 0.85 0.0040
II 363 26 0.97 0.96 0.92 0.91
III 209 26 0.95 0.94 0.88 0.83
IV 17 5 0.71 0.71 0.71 0.71
OHIO – FTC
I 12 1 1.00 0.88 0.88 0.88 0.0170
II 33 2 1.00 0.96 0.91 0.91
III 19 3 0.94 0.89 0.80 0.80
IV 3 2 0.67 0.00 0.00 0.00

(continued)
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Table 6.14 (continued)

Staging System No. of pts No. of deaths
Overall survival p value  

(log rank)5-yr 10-yr 15-yr 20-yr
MSK – PTC
Low risk 383 13 0.99 0.98 0.97 0.96 0.0001
Intermediate risk 404 40 0.98 0.94 0.89 0.84
High risk 127 27 0.88 0.87 0.79 0.69
MSK – FTC
Low risk 22 0 1.00 1.00 1.00 1.00 0.0001
Intermediate risk 13 0 1.00 1.00 1.00 1.00
High risk 32 8 0.94 0.78 0.64 0.64
UAB MDACC – PTC
Low risk 587 24 0.99 0.98 0.97 0.95 0.0001
Intermediate risk 310 58 0.93 0.88 0.77 0.68
High risk 17 5 0.71 0.71 0.71 0.71
UAB MDACC – FTC
Low risk 41 1 1.00 0.97 0.97 0.97 0.0001
Intermediate risk 23 5 0.95 0.84 0.66 0.66
High risk 3 2 0.67 0.00 0.00 0.00
Munster – PTC
Low risk 681 56 0.98 0.95 0.91 0.88 0.0100
High risk 233 31 0.93 0.93 0.88 0.83
Munster – FTC
Low risk 44 3 1.00 0.94 0.90 0.90 0.0750
High risk 23 5 0.91 0.80 0.73 0.73
AMES – PTC
Low risk 807 62 0.98 0.96 0.92 0.89 0.0001
High risk 107 25 0.85 0.85 0.77 0.68
AMES – FTC
Low risk 57 4 0.98 0.93 0.90 0.90 0.0030
High risk 10 4 0.90 0.64 0.48 0.48
Noguchi – PTC
Excellent 643 32 0.98 0.98 0.95 0.89 0.0001
Intermediate 190 45 0.90 0.80 0.63 0.34
High risk 48 17 0.80 0.73 0.48 0.29
Virgen de la Arrixaca – PTC
Low risk 347 36 0.96 0.93 0.90 0.87 0.3300
Medium risk 116 12 0.96 0.96 0.92 0.85
High risk 14 3 0.78 0.78 0.78 0.78
TNM 7th ed – PTC
I 698 48 0.98 0.96 0.93 0.90 0.0001
II 50 3 0.98 0.94 0.89 0.89
III 83 10 0.92 0.90 0.87 0.82
IVA 61 17 0.91 0.89 0.70 0.56
IVB 7 2 0.71 0.71 0.71 0.00
IVC 7 5 0.29 0.00 0.00 0.00
TNM 7th ed – FTC
I 43 1 1.00 0.97 0.97 0.97 0.0010
II 9 2 1.00 0.88 0.66 0.66
III 8 3 0.88 0.73 0.49 0.00

(continued)



1296 Staging Systems for Differentiated Thyroid Carcinomas

Staging System No. of pts No. of deaths
Overall survival p value  

(log rank)5-yr 10-yr 15-yr 20-yr
IVA 1 0 1.00 1.00 1.00 1.00
IVB 0 0 0.00 0.00 0.00 0.00
IVC 3 2 0.67 0.00 0.00 0.00
TNM 5th ed – PTC
I 652 40 0.99 0.97 0.94 0.91 0.0001
II 102 13 0.94 0.90 0.85 0.82
III 153 29 0.90 0.88 0.78 0.68
IV 7 5 0.29 0.00 0.00 0.00
TNM 5th ed – FTC
I 40 1 1.00 0.97 0.97 0.97 0.0001
II 14 2 1.00 0.90 0.75 0.75
III 10 3 0.89 0.76 0.57 0.57
IV 3 2 0.67 0.00 0.00 0.00

Table 6.14 (continued)

The PVE was calculated to determine which 
system was the best method for our data set using 
SAS 9.2. PVE is a widely accepted and common 
measurement tool that has been used in many 
comparison studies to predict survival [8, 14, 15, 27, 
35, 36]. Its advantages include the ability to directly 
compare qualitative variables as well as show 
which system has the best prognostic information 
[35, 36]. The mathematical formula is: PVE = 1 – 
exp(−G2/n), with G standing for the maximum 
likelihood ratio [36].

As shown in Table 6.15, the greater the PVE 
value, with a range from 0 to 100, the stronger 
the association between each system on sur-

vival rates and the better the predictability of 
that system. As a result, PVE for CSMC data 
for PTC  concluded that the EORTC, Noguchi 
and UAB-MDACC systems were best suited for 
predicting survival in this patient population. 
CSMC’s papillary thyroid carcinoma’s PVE 
rankings are not consistent with the Lang [14], 
Brierly [27], or Passler [15] studies. The Lang 
et al. study found that the MACIS (PVE = 18.7), 
TNM 6th edition (PVE = 17.9), and EORTC 
(PVE = 16.6) systems were most applicable 
to their PTC patient population [14]. The 
Brierly et al. study found that the TNM 
(PVE = 23.3), AGES (PVE = 23.1), and MACIS 

Table 6.15 PVE of all applicable staging systems for PTC and FTC

PTC FTC
Staging system PVE (%) Ranking Staging system PVE (%) Ranking
EORTC 13.1 1 EORTC 30.9 1
Noguchi 11.5 2 UAB MDACC 28.7 2
UAB MDACC 9.4 3 NTCTCS 27.6 3
MACIS 8.7 4 MSK 24.5 4
TNM 7th ed 7.1 5 TNM 7th ed 20.2 5
MSK 7.0 6 TNM 5th ed 17.8 6
TNM 5th ed 6.9 7 Ohio 15.1 7
NTCTCS 5.5 8 Clinical class 13.7 8
AMES 3.7 9 AMES 6.8 9
Clinical class 1.7 10
Ohio 1.5 11
Munster 0.3 12



130 R.M. Wong and G.D. Braunstein

(PVE = 20.6) systems were most applicable to 
their patient population [27]. The Passler et al. 
study found that the MACIS (PVE = 15), 
EORTC (PVE = 12.87), and the TNM 5th  edition 
(PVE = 10.22) systems were most applicable to 
their patient population [15].

Additionally, among CSMC’s follicular thy-
roid carcinoma population, the EORTC, UAB-
MDACC, and NTCTCS system’s PVE values 
were most applicable to predicting survival in 
this specific subtype of thyroid carcinoma. This 
was not consistent with the Passler [15] or Lang 
[35, 36] studies. The Passler et al. study found 
that the EORTC (PVE = 17), TNM 5th edition 
(PVE = 16.6), and Clinical Class (PVE = 15.8) 
systems were most applicable to their FTC patient 
population [14], whereas the Lang et al. study 
found that the TNM 6th edition (PVE = 22.4) and 
the Clinical Class (PVE = 21.2) systems were 
most applicable to their patient population [36].

CSMC data may differ from other studies 
because of differing sample sizes and data collec-
tion methods. Additionally, many studies report 
cause-specific survival while our data report all-
cause survival only. However, all studies report rela-
tively low PVE values which show that these staging 
systems have a less than perfect survival predict-
ability [14, 15, 27]. In conclusion, it remains unclear 
as to which staging system is most applicable in 
predicting survival in patients with DTC [14].

Conclusion

Currently, the TNM staging system is the most uni-
versally accepted system in the staging of thyroid 
carcinomas. It is also the most available, easily 
applicable, and has the least amount of areas of dis-
crepancy when compared to the other staging sys-
tems. However, due to the extent of surgical 
resection, surgeon expertise, pathologic skills in 
reading specimens, and differing treatment modali-
ties among endocrinologists at various institutions, 
it is difficult to accept a universal staging system 
that is applicable to DTC patients across all medi-
cal institutions. Therefore, any new staging system 
that is introduced should be compared to the TNM 

system, validated across various data sets, and then 
proven to be applicable among all thyroid carci-
noma patients in any medical institution.
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