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Abstract 

 

Background: An Australian state database was used to test the validity of the Quantitative 

Tumor/Node/Metastasis (QTNM) staging system for assessing prognosis of differentiated thyroid cancer 

(DTC) on the basis of four variables quantified at diagnosis (histopathology, age, node involvement and 

tumor size).  

 

Methods: Using the Queensland Cancer Registry (QCR), we identified 788 cases of DTC diagnosed from 

1982-2006 with complete staging information. Causes of death was ascertained by linking the QCR 

database with the Australian National Death Index.  Subjects were staged according to AJCC TNM 7
th
 

edition and QTNM, and cancer-specific survival (CSS) was calculated by the Kaplan–Meier method.  

 

Results: Cancer-specific mortality was observed in 22 (2.8%) patients, with ten-year CSS for the cohort 

of 97.0% at a median follow-up of 262.8 months. QTNM stage specific cancer survival at 10 years was 

99.6%, 97.0% and 78.6% for low, intermediate and high risk groups respectively. This was comparable to 

the original US dataset in which the QTNM was initially studied, and it fared better at discriminating 

survival than the standard TNM system where there was overlap in survival between stages.  

 

Conclusion: The current study validates the QTNM system in an Australian cohort and shows at least 

equivalent discriminatory capacity to the current TNM staging system. The QTNM utilized prognostic 

variables of significance to produce an optimal three-stage stratification scheme. Given its advantage in 

clearly discriminating between prognostic groups, clinical relevance and simplicity of use, we recommend 

that TNM be replaced with QTNM for risk stratification for both recurrence and CSS.  
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Introduction 

 Differentiated thyroid carcinoma (DTC) is both the most common endocrine malignancy as well 

as the ninth most prevalent cancer [1]. Its global incidence in the year 2008 is estimated at 211,748 which 

corresponds to a crude worldwide rate of 3.1 cases per 100,000 person years, making it the eighteenth 

most diagnosed cancer, with a female to male ratio of over 3 [2]. In Australia, thyroid cancer incidence 

rates have been steadily increasing from 2.7 cases per 100,000 people in 1982, to 9.1 cases per 100,000 in 

2009 (Australian Institute of Health and Welfare (AIHW) 2012).   

 DTC has a favourable prognosis, with one large study estimating 10-year survival of between 

76%-93%, depending on cell type [4]. As with most other cancers, multiple staging systems have been 

suggested in an attempt to predict the risk of recurrence and of cancer-related deaths. The American Joint 

Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) Tumor/Node/Metastasis 

(TNM) staging system is the most widely used, and is considered the international gold standard and the 

staging system currently recommended by the American Thyroid Association [5]. The anatomic 

descriptors used in the AJCC/UICC classification produce a set of mutually exclusive and collectively 

exhaustive divisions, or “bins”, into which patients are categorized into at the time of diagnosis [6]. This 

classification into bins has been thought to be useful for several reasons: (a) it provides information about 

prognosis which is derived from the mean survival of other patients in that bin [7], (b) it enables 

communication of accurate patient information between clinicians, and (c) it facilitates making treatment 

and follow-up decisions for the patient [5]. 

 The problem, however, has been the proliferation of bins along with the recognition and 

incorporation of other non-anatomic variables of prognostic significance [8]. In addition, the TNM 

staging system has undergone multiple refinements since its inception with a consequent increase in the 

complexity of the binning system. As of its seventh edition, the AJCC TNM system has a total of 168 

bins [9] (7T × 3N × 2M × 2 age groups × 2 histological subtypes), up from 144 bins in edition six [10]. 

Bins then need to be transformed in to staging information through a “look-up” table which converts the 
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various permutations of T, N, M and non-anatomic additions into one of 4 stages [7,10,5]. The collapse of 

such an extensive binning system into stages brings into question its practicality in the clinical setting. 

Indeed, the creation of stages from the bins may not be optimal because studies have found that survival 

may not be optimally discriminated between various stages so defined [4,11-14]. All this suggests that 

there may be no real benefit with the intermediary use of a binning system, but rather that prognostic risk 

factors should be directly connected to staging. 

 For these reasons, Onitilo et al [10] attempted to simplify TNM by developing a quantitative 

staging system, QTNM, which incorporates variables shown to be of prognostic significance directly into 

a prognostic stage. The system was developed using a Cox proportional hazards model on a cohort of 614 

patients with DTC from the Marshfield Clinic in Wisconsin, United States, using disease-free survival 

(DFS) as the outcome. The model was then validated using a nested case control study from a Swedish 

cohort with DTC and it was demonstrated that this prognostic system had discriminative potential and 

allowed for accurate prediction of both CSS and DFS. Since there have been no subsequent validation 

studies in a prospective cohort, it was important to demonstrate its validity by applying it to a population-

based cohort of patients with DTC from Queensland, Australia while comparing it to the TNM staging 

system [15]. 

 

Patients and methods 

Study Target Populations & treatment protocol 

Data from patients diagnosed with differentiated thyroid carcinoma (ICD-O3 C73) between January 1982 

and December 2006 were electronically extracted from the Queensland Cancer Registry (QCR). The QCR 

is a population-based cancer registry, to which details of all cancers diagnosed in Queensland are legally 

required to be notified. Notifications of patients with cancer are received from all Queensland public and 

private hospitals and nursing homes, while public and private pathology laboratories are also required to 

provide copies of pathology reports for cancer specimens. Deaths among the thyroid cancer cohort are 
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routinely identified by the QCR through matching patient information to the National Death Index (NDI) 

at the Australian Institute of Health and Welfare. People without a positive match with the NDI at 31
st
 

December 2010 were assumed to be alive at that date. The QCR codes the cause of death using 

information from the ABS mortality file, pathology laboratories and other cancer-specific data sources, 

increasing the accuracy of the cause of death codes. 

 

Extraction of clinical data from pathology records 

Additional clinical information such as lesion diameter, evidence of metastasis, lymph node involvement, 

capsular invasion and extra-thyroid invasion are not routinely collected or reported for DTC by the QCR. 

As such this information was manually extracted from the pathology records held within the QCR. 

Information about these additional parameters was often missing from the pathology report, in particular a 

large proportion of subjects were missing tumour size, nodal status and location of involvement, or a 

combination of these.   The data problem we faced with the pathology reporting in Queensland is not 

unique and a neighbouring registry (NSW Central Cancer Registry) reports a similar pattern of missing 

information on features important to the prognosis and treatment of thyroid cancer patients [16]. We 

undertook a comparison of extracted data and the original reports in 47 cases and noted that we could not 

reliably assume that absent values from the database were because they were negative. Cases with 

missing data were thus excluded from the analysis.  

Approval 

Approval to conduct this study was granted under Section 281 of the (Queensland) Public Health Act 

2005 by Queensland Health, and ethical approval was obtained from the Human Research Ethics 

Committee at the University of Queensland.  
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Statistical Analysis 

 The QTNM score is the sum of the following: Non-papillary thyroid cancer histopathology=1 

point (Non-papillary differentiated thyroid cancers include follicular and Hurthle cell carcinoma but not 

poorly differentiated thyroid cancer as this staging system is only aimed at differentiated thyroid cancers), 

age ≥45 years=4 points, regional lymph node metastasis=4 points, tumour >4 cm or any tumour with 

extrathyroid extension=6 points. The QTNM score is then categorized into three risk stages based on 

scores 0-5; 6-10 and 11-15 representing low, intermediate and high risk categories respectively. Although 

this stratification method results in relatively fewer patients in the highest risk group, the original authors 

propose that it allows for ease of use with equivalent or better discrimination of this small subset of 

patients at high risk [10]. While this staging system was originally devised to provide prognostic 

information on recurrence-free survival, it was also shown to accurately discriminate CSS between 

different risk groups [10]. In this study, only CSS was investigated. The univariate relationships between 

CSS and the staging groups were done via the Kaplan-Meier method. The difference between two risk 

groups was compared with the Gehan-Wilcoxon test since this test gives more weight to deaths at early 

time points. Prognostic comparisons across stages were investigated using Cox regression analyses. No 

adjustments were made. None of the staging systems examined were associated with a gross violation of 

proportional hazards assumptions based on a visual inspection of the -ln(-ln(survival)) vs. ln(survival 

time) plots. The discriminatory capacity of each prognostic staging system was tested using the Harrell's 

C statistic. [17] Harrell’s C statistic estimates the proportion of correct predictions, i.e. the proportion of 

patients with a better prognostic stage who have a better survival and ranges between 0.5 (no 

discrimination) to 1 (perfect discrimination). Royston's D statistic [18] was also computed and estimates 

separation between independent survival distributions under the proportional hazards assumption. The 

higher the D statistic, the better is the discriminatory capacity and a difference in D of at least 0.1 

indicates an important difference in separation between the relevant survival curves. Statistical analyses 

were performed using Stata version 11 computer software (StataCorp LP, College Station, TX, USA).  
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Comparisons to other staging systems 

 There exist well over a dozen DTC staging systems which have been compared extensively in the 

literature. The majority of studies favour the use of AJCC TNM as the most accurate and reliable 

predictor of prognosis for DTC [19,11,20-23] and also specifically for follicular thyroid cancer (FTC) 

[24-26], followed by the Mayo Clinic’s MACIS (metastases, age, completeness of resection, invasion, 

size) [27] for DTC [28,29,26]. We could not compare QTNM to MACIS due to the absence of details 

regarding completeness of resection, but our comparison to the TNM [30,31] system should be sufficient 

to demonstrate the reliability and accuracy of QTNM for two reasons. Firstly, QTNM is not a separate 

staging system, but rather a proposed change to the TNM system, and secondly this system uses similar 

prognostic variables. We used the 7
th
 edition of the AJCC TNM for staging, with one approximation: 

cases with absent location of nodal involvement were placed in stage III if over 45 years of age. The 

location of LN metatstases would categorize such patients as either stage III (N1a) or stage IV (N1b). We 

deliberately down-staged to improve TNM discrimination and avoid giving QTNM a false advantage.  

 

Results 

 We retrieved data on 3,736 patients with DTC, of whom 2,948 had missing primary tumour size 

information (0 or absent) or absent nodal status and were therefore excluded as per the data validation 

discussed above. Of the patients that were excluded, 118 had died of thyroid cancer recurrence, and 326 

died of other causes. The remaining 788 patients with complete staging information were used in the 

validation of QTNM. Mean age of subjects at diagnosis was 43.5 years (standard deviation 14.9), a total 

of 22 patients (2.8%) died of thyroid cancer recurrence and 33 patients (3.5%) died of other causes. Other 

relevant patient characteristics are shown in Table 1. We acknowledge that the distribution of subjects 

across the TNM stages is atypical, but upon investigation, no reasonable explanation could be found. 
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Since this validation study is only examining the prognostic value of staging systems, this skewed 

distribution of subjects is insignificant as long as staging is accurately performed. We were however able 

to stage 2072 patients by TNM-7 criteria because tumor size and nodal status is not utilized under age 45. 

However, these patients could not be compared head to head with QTNM and were thus analysed 

separately.   

 

Table 1. Characteristics of the population with DTC in terms of difference in survival between subgroups   

Patient Characteristics N (%) Events 

observed 

CSS P 

value 

Gender 

 Male 

 Female 

 

215 (27.3) 

573 (72.7) 

 

10 

12 

0.0323 

Age 

 < 45 

 ≥ 45 

 

455 (57.5) 

333 (42.3) 

 

4 

18 

<0.0001 

Histopathology 

 Papillary 

 Other 

 

725 (92.0) 

63 (8) 

 

16 

6 

0.0013 

Tumor size 

 < 4cm 

 > 4cm or extrathyroid extension 

 

555 (70.4) 

233 (29.6) 

 

5 

17 

<0.0001 

Nodal information 

 N- 

 N+ 

 

375 (47.6) 

413 (52.4) 

 

3 

19 

<0.0001 

TNM Stage 

 Stage I 

 Stage II 

 Stage III 

 Stage IV 

 

585 (74.2) 

38 (4.8) 

157 (19.9) 

8 (1.0) 

 

5 

1 

15 

1 

<0.0001 

QTNM Stage 

 Low risk 

 Intermediate risk 

 High risk 

 

468 (59.4) 

249 (31.6) 

71 (9.0) 

 

1 

7 

14 

<0.0001 

Treatment 

 Thyroidectomy 

 Lobectomy 

 Nodule excision 

 Not specified 

 

622 (78.9) 

148 (18.8) 

6 (0.8) 

12 (1.5) 

 

21 

0 

0 

1 

0.087 

 

 Overall 5 and 10-year survival were 98.0% and 97.0% respectively with a median follow-up of 
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262.8 months (inter-quartile range, 178.8 to 389.6 months). Ten-year survival by stage are given in table 

2, for QTNM and TNM. It is evident from the results in table 2 that survival is quite good and more or 

less similar for the low and intermediate risk groups but worse for the high risk group. In terms of TNM, 

5 and 10 year survival were identical in stages I and II while stage III-IV of TNM and the high risk group 

of QTNM showed considerable overlap. There were however insufficient numbers within TNM stage IV 

to characterise it accurately.  

Table 2. 5 year and 10 year cancer specific survival by TNM and QTNM stage for differentiated thyroid cancer 

 5 year CSS
1
 10 year CSS

1
 

TNM Stage   

Stage I 99.3% (98.2-99.7) 99.0% (97.4-99.6) 

Stage II 100% 100% 

Stage III 92.9% (87.5-96.0) 88.7% (81.7-93.2) 

Stage IV 87.5% (38.7-98.1) 87.5% (38.7-98.1) 

QTNM Stage   

1 (low risk) 100% 99.6% (96.9-99.9) 

2 (intermediate risk) 97.6% (94.7-98.9) 97.0% (93.8 -98.6) 

3 (high risk) 85.4% (74.6-91.9) 78.6% (65.4 -87.3) 
 

1
CSS=cancer specific survival. 

 

 Cox proportional hazards regression of the staging systems confirms the survival findings. In 

particular, TNM stages I and II are statistically identical. The Kaplan-Meier plots in figure 1A and 1B for 

TNM and QTNM staging systems depict the increasing hazard ratio by stage reported in table 3. Again it 

is evident that TNM stages I-II and III-IV were comparable to QTNM low and high risk groups. 

Royston’s D was 0.698 for QTNM and 0.473 for TNM suggesting better separation between survival 

distributions under the proportional hazards assumption for QTNM.  
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Table 3. Hazard ratio (HR) for cancer specific death by TNM and QTNM stage  

Classification Number of patients HR
1
 

(95% CI) 

P value 

TNM stage 

 Stage I 585 1 (ref)  

 Stage II 38 3.5 (0.4-29.8) 0.256 

 Stage III 157 12.9 (4.7-35.5) < 0.001 

 Stage IV 8 19.2 (2.2-165.0) 0.007 

QTNM stage 

 1 (score 0-5; low risk) 468 1 (ref)  

 2 (score 6-10; intermediate risk) 249 14.2 (1.7-115.6)    0.013 

 3 (score 11-15; high risk) 71 117.9 (15.4-900.5) < 0.001 

 
1
Hazard ratio interpreted as the odds that an individual in the group with the higher risk will reach the endpoint 

(cancer specific death) first according to the various classification systems via multivariable Cox regression analysis. 

Royston’s D was 0.698 for QTNM and 0.473 for TNM suggesting better separation between survival distributions 

under the proportional hazards assumption for QTNM 

 This is also supported by the cross-tabulation of subjects according to TNM and QTNM depicted 

in table 4; there is a reasonable redistribution of patients from TNM stage I to QTNM intermediate risk 

and TNM Stage III to QTNM high risk, indicating that QTNM brings different prognostic value to TNM. 

Harrell’s C statistic with a value of 0.878 for QTNM and 0.784 for TNM suggested that the proportion of 

correct predictions according to prognostic stage was better for QTNM than for TNM (Table 4). 

However, both prognostic systems had C statistics that suggested good discrimination of survival by 

stage. 

 Finally, survival analysis was done for the 2072 patients that could be staged by TNM-7 and 

results are given in supplementary table S1 and figure  S1. Results by stage did not differ appreciably 

from the cohort of 788 patients analysed above.  

Table 4 – Cross tabulation of subjects by QTNM and TNM staging systems. Harrell’s C was 0,878 for QTNM and 

0.784 for TNM suggesting that QTNM had better discrimination of survival by stage 

 TNM Stage 

QTNM Staging Stage I Stage II Stage III Stage IV 

Low risk 438 26 4 0 

Intermediate risk 145 11 92 1 

High risk 2 1 61 7 
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Discussion 

 This study confirms that despite the simplicity of QTNM, there is no loss of prognostic 

information when compared to the TNM staging system. This also suggests that prognostic stratification 

is not an exact science, and therefore the increase in detail obtained from binning does not translate to a 

better discriminative outcome. Therefore, the fine-tuning of the system, for example the splitting of T1 

into T1a (for tumours ≤ 1cm limited to the thyroid) and T1b (for tumours > 1cm and ≤ 2cm limited to the 

thyroid) in the latest revision of TNM [9], cannot be expected to result in a clear-cut survival benefit of a 

specific amount. The effect of prognostic variables will influence clinical outcome on average and it is 

hardly likely that there will be a specific survival gain associated with more precise classifications, as the 

TNM system attempts to achieve with a system of bins. In this situation, we advocate that prognostic 

variables be directly associated with stage through a quantitative system rather than through the complex 

system of binning as occurs with TNM. There are three other key benefits to this quantitative scheme: (a) 

as new non-anatomic prognostic variables emerge, they can easily be incorporated into quantitative 

systems, (b) it allows for much easier implementation in clinical practice, and (c) only variables with clear 

prognostic implications will be included. The potential future variables, such as BRAF mutations [32,33], 

tumour grading [34,35] , DNA ploidy [36], nuclear atypia [37], gross lymph node involvement [38], 

microscopic tumour multifocality [12], macroscopic tumour multifocality [12,39], histologic PTC 

variants [40], size of lymph node metastases [41], and tumour angioinvasion [42] can be investigated 

further but must only be incorporated if they provide additional prognostic value and if consensus has 

been obtained regarding their use. 

 All prognostic stratification schemes for DTC use similar prognostic variables and three of the 

four prognostic factors used in QTNM were originally selected based on a multivariate analysis using a 

Cox proportional hazards model. The  latter authors  reported then that the most significant prognostic 

variable was tumour size (over 4cm or extracapsular invasion) [10]. While there are some conflicting 
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reports [43,13], this is consistent with the current literature, as size of the tumour has been strongly 

associated with prognosis [20] although cut-off values that have been suggested have varied and range 

from 1.5cm-5cm [15,44,35,45,46,12,39,47]. Extrathyroidal invasion is also well known as a prognostic 

marker in a number of studies [48,47,45,49,43,13], and thus the inclusion of both in the QTNM would be 

expected to improve prognostic discrimination. This is also consistent with the T parameter grouping used 

within the TNM [9]. 

 The next most important prognostic variables in the QTNM were age and node status and both 

are supported by the existing literature. Several studies report that age is a strong predictor of poor 

prognosis [4,48,49], and the evidence from these studies suggest an age cut-off for worse prognosis above 

an age of about 40 years [45,27,47,24], or above age 45 years [43,39,44,46,12,14], and in some reports 

even above age 50-55 years [50,13,15,47,24]. QTNM uses age 45 as a cut-off value, which is consistent 

with this literature. The other variable, lymph node metastases, was shown in the original study to have a 

stronger relationship with recurrence than death, although an association exists with both. Again, the 

literature supports these findings [20,13,51] although certain studies show that the location of nodal 

involvement is more significant than the involvement itself [52] and yet others suggest its prognostic 

value is still unclear [53,54,43,55]. 

 The least influential variable in QTNM was histopathology. It was forced into the original model 

due to the presence of reasonable evidence, in the literature, for its status as a prognostic variable [20,55], 

as suggested by the fact that there is a higher overall mortality in patients with FTC compared with PTC 

[55,4]. One likely explanation [10] is that FTC as compared to PTC presents with a higher stage and this 

probably suggests an underlying difference in aggressiveness.  

 Two variables that were not included in QTNM are gender and distant metastases at diagnosis. 

While DTC has a female preponderance [4], it has not been found to have any prognostic significance in 

many studies of DTC [10,56,57,43,20,39]. However, distant metastases at diagnosis is of clear prognostic 

significance [55,58,43,24,20,39] and indeed is included as part of a number of staging systems 
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[27,9,48,12,47,15]. The exclusion of this variable from QTNM is justified because, it plays very little role 

in determination of treatment, given that all patients with distant metastases are mandatorily required to 

be treated aggressively post-thyroidectomy. Also, being relatively uncommon, it may have less impact on 

risk stratification in staging systems and, additionally, its prognostic significance may in fact be 

modulated by age since it has been recognised that it has less effect on long-term survival in subjects 

below the age of 45 years [59,9]. The deliberate exclusion of metastases has been considered to increase 

the prognostic significance of the existing variables while making QTNM more clinically relevant [60]. 

 It is clear from the preceding discussion that while a myriad of staging systems exist, (a) they all 

use the same or similar prognostic variables and (b) TNM is still considered the most discriminative of all 

these systems. Given the current evidence, there is little justification for the lack of a consensus on an 

optimal staging system. We believe that the TNM system with its associated variables currently 

represents the most discriminative staging system and the variant of the TNM that is represented by the 

QTNM makes it more clinically relevant and upgradeable in the future. The other staging systems such as 

MACIS [27], EORTC [48], NTCTCS [12], AMES [47], UA-MDCC [15] and others do not substantially 

lead to an increase in discriminative performance and their persistence hinges on institutional affiliation, 

as centres that proposed them continue to use them.  

 Despite the TNM staging system being most discriminative, it has long been known that there is 

overlap between its lower stages. For example, Hundahl et al [4] found that it failed to discriminate 

between patients with Stage I and II disease at 5 years, and Tran Cao et al [11] found that in patients over 

45, there was no significant increase in risk between stage I and II. Sherman et al [12] also found that 

stage I and II were indistinguishable and Cady [61], upon reviewing the latter study, suggests that it is 

artificial to separate stages I and II. We agree with Cady, in implicitly recognizing the need for only a 

three level staging system and we advocate this as the optimal number. Additionally we demonstrate 

(Table 4) that a substantial number of TNM stage I/II patients get reclassified as intermediate risk under 

the QTNM system. Also, , despite it’s three stages, the QTNM (based on hazard ratios) has more 
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discriminatory power when comparing intermediate and high risk groups than comparing low and 

intermediate risk groups. This trend was shown both in the original paper and in this current validation 

using our data. It should be kept in mind however that the QTNM is based on DFS and it is in that 

scenario that discrimination into three risk strata is optimal. Prolonged survival is possible, even after 

disease recurrence, and it is likely that while three risk categories are optimal for DFS, in terms of CSS, 

there may be just a low-to-intermediate and high risk group. However, given the discrimination between 

low and intermediate risk in this study, it would be prudent to keep the staging system consistent for DFS 

and CSS. 

 A limitation of this study is the absence of recurrence data in our database and thus disease-free 

survival could not be evaluated. Although QTNM was originally developed based on recurrence [10], it 

also provides prognostic information about cancer specific survival and this is what we have addressed in 

this paper. Another  limitation of this study is the absence of data on the extent of surgery and post-

surgical remnant ablation with radioactive iodine. However, all patients were treated mainly at one major 

center in Brisbane, and the approach to therapy, up to two years ago had been total thyroidectomy 

followed by radioactive iodine ablation if the thyroid tumor size was greater than 1.5cm in diameter. Even 

if there were modifications to protocol based on individual patient needs, there would be an expectation 

of more aggressive therapy for high risk subjects and therefore any bias introduced by treatment would 

only be expected to result in a decrease in discrimination in the model. 

 

Conclusion 

 In conclusion, the QTNM is a simple and effective method of prognostic stratification for both 

recurrence and cancer specific survival, and is an adequate reflection of our current understanding of 

thyroid cancer [60]. There is no loss of discrimination when compared to current systems, including its 

parent TNM staging system, despite being simple and less complicated. Based on the fact that now the 

QTNM results have been confirmed in three separate patient groups across three geographical regions, we 
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recommend the replacement of the standard TNM system with the QTNM system.  
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