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The aim of this study was to compare the overall survival of a large,
single-center cohort of patients who had differentiated thyroid cancer

(DTC) with that of a matched general population. Methods: We an-

alyzed 2,428 consecutive patients who had DTC and underwent
treatment from 1965 to 2013 at the Department of Nuclear Medicine,

University Hospital of Münster, Münster, Germany, according to in-

ternational standards. Patients were classified on the basis of the

current, seventh edition of the American Joint Committee on Cancer/
Union for International Cancer Control classification system. Addi-

tionally, a subgroup analysis with regard to age at diagnosis was

performed. The overall survival of the patients was compared with

the expected survival of the general population on the basis of age
and sex, as provided by the Federal Statistical Office of Germany.

Results: Compared with the expected survival, the overall survival

of patients with stage I disease paradoxically was significantly
better (P , 0.001). In the subgroup analysis, a significantly lower

mortality rate was observed in elderly patients ($60 y old) with stage

I disease. On the other hand, patients between 20 and 45 y of age

and with distant metastases at diagnosis had a significantly increased
standardized mortality rate. In contrast, other patients with stage II

disease and more than 45 y old had a normal mortality rate. The

mortality rate was significantly increased in all patients with stage

IVC disease. Conclusion: Older patients with more limited disease
paradoxically had better survival than would be expected on the

basis of age and sex, whereas young adults as well as patients

more than 45 y old and with distant metastases had increased
mortality rates. For all other DTC patients, regardless of age or

TNM stage, no significant survival difference was seen.
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Malignant tumors of the thyroid are the most common ma-
lignant endocrine neoplasms, comprising approximately 1% of all
malignant tumors (1). In recent years, there has been a clear rise in
the incidence of malignant thyroid carcinomas (2), especially

small papillary carcinomas, which is most likely due to the recent
enhancement of diagnostic methods such as ultrasound and needle
aspiration cytology. There is a large difference in the survival rates
of patients with various thyroid carcinomas; patients with medul-
lary carcinomas originating from the parafollicular C cells and
rare, undifferentiated anaplastic carcinomas have worse survival
rates than those with differentiated thyroid cancer (DTC). It has
been well documented in the last 70 y that DTC with the capacity
to store iodine has a very good outcome compared with other
cancers (1,3–5), with an average survival rate of more than
90%. This fact is largely due to the possible administration of
radioactive 131I as a radioiodine therapy with the aim of complete
remission, even in more advanced stages. Even high-risk patients
have a favorable life expectancy, which has been improved
through the implementation and analysis of high-quality clinical
studies (6). Indeed, it has been shown that up to stage III, there is
no difference between the survival of DTC patients and that of the
general population. It remains controversial whether patients with
stage IVA disease experience a shorter life-span because of their
disease (7,8). Nevertheless, there is no doubt that patients 45 y old
or older and diagnosed with distant metastases (stage IVC) have
a worse survival rate than the general population. The presence of
lateral lymph node metastases on recurrence of the disease after
initial standardized treatment and the worse survival of such
patients are still subject to debate (7–11).
For staging of carcinomas, the TNM classification system of the

American Joint Committee on Cancer (AJCC)–Union for Interna-
tional Cancer Control (UICC) is most commonly and widely
accepted. The T categories are based on both tumor size and
extrathyroid extension. In the current, seventh edition of the clas-
sification system, lymph node metastasis is classified into 2 cate-
gories: metastasis only in the central compartment is graded as
N1a, and metastasis in the lateral or mediastinal compartment is
graded as N1b (12). In a previous study of the life expectancy of
DTC patients who underwent treatment at the Department of Nuclear
Medicine, University Hospital of Münster, Münster, Germany,
several interesting trends could be observed; however, they failed
to reach statistical significance (7). Since then, we have been able
to widen our database with a considerable number of patients and
follow-up years. The aim of the present study was to reexamine
the life expectancy of DTC patients to identify DTC patient
subgroups with significantly altered life expectancy.

MATERIALS AND METHODS

A total of 2,476 patients presented between December 31, 1965,

and April 23, 2013, at the Department of Nuclear Medicine, University
Hospital of Münster, with diagnosed DTC. The University Hospital of
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Münster is a tertiary referral center serving approximately 5%–10%

immigrants, which is also the average percentage of immigrants in the
general population in Germany. Forty-eight patients had to be excluded,

so that data from 2,428 patients were analyzed. A total of 1,823 patients

had papillary thyroid carcinoma (PTC), 570 had follicular

thyroid carcinoma (FTC), and the remaining 35 were diagnosed with

poorly differentiated thyroid carcinoma (PDTC). Approximately three-
quarters of the patients were women (26.2% were men). The median age

at the time of diagnosis was 47 y, with a median follow-up time of 6.6 y.

TNM categorization was done according to the seventh edition of
the AJCC–UICC TNM classification system after successful ablation

of thyroid remnants with radioiodine, if applicable. Both postthera-

peutic and initial diagnostic radioiodine scintigraphy results (6–9 mo
after radioiodine remnant ablation) in combination with surgery and

histology reports as well as other existing imaging (e.g., MR imaging,

CT, ultrasound, and PET/CT) were used for the classification.

Treatment was administered according to current international standards
(13–16). Follow-up data were obtained from patients’ records at the

Department of Nuclear Medicine, University Hospital of Münster,
and from patients’ family physicians. Overall survival analysis was

performed by computing the time at risk from the date of diagnosis of
thyroid cancer to the date of death or the date of last contact, which-

ever occurred first (observed overall survival). Observed overall
survival rates were compared with expected survival rates. Expected

survival was computed from data for the general population of former
West Germany, excluding (West) Berlin, as published by the Federal

Statistical Office (Wiesbaden, Germany) and controlling for sex, age,
and calendar year periods. The Federal Statistical Office did not pro-

vide information on the expected survival of people more than 90 y
old. Therefore, DTC patients more than 90 y old were excluded from

follow-up. Accordingly, the deaths that occurred after the age of 90 y
(n 5 13) were excluded from the statistical comparison of expected

and observed overall survival rates. One patient was omitted because
she was more than 90 y old at diagnosis. Other reasons for exclusion

from the analysis were no specific death cause (n 5 7), lack of an
analytic histologic report for exact classification (n 5 9), lack of in-

formation on sex (n 5 1), and no follow-up (n 5 30).
Matching of life expectancy for the control group was made

individually for every year in the database up to 2008. The calculation
for patients from 2008 to 2013 was made from 2008 life expectancy

tables. Histologic classification was taken from the corresponding
pathologic report. For patients with 2 or more different entities of

DTC, classification was based on the DTC with the worse outcome
(PDTC , FTC , PTC). Similarly, in the presence of multifocal

disease, the lesion with the largest diameter was chosen.
The institutional review boards of the Medical Association of

Westphalia–Lippe and the Faculty of Medicine, University of Münster,
approved this retrospective study, and the requirement to obtain in-

formed consent was waived.

Surgical Treatment and Radioiodine Therapy

Most of the patients underwent total (90.4%) or subtotal (8.0%)
thyroidectomy. Only a few received more limited surgery (hemithyr-

oidectomy [1.5%] or microdissection [,0.1%]). Neck dissection was
applied in 39.9% of the cases. The histopathologic examination revealed

that the residual status after the initial surgery was microscopic residual
for 5.3% of the cases and macroscopic residual for 1.4% of the cases.

Most of the patients (91.1%) received a radioiodine remnant ablation with
a median cumulative activity of approximately 4 GBq of 131I and a median

tumor diameter of 1.5 cm. Levothyroxine substitution/suppression therapy
was administered according to international guidelines (13,14).

A total of 234 patients had distant metastases (a total of 270 sites).
Recurrences (n 5 27) occurred in 21 patients. More detailed information

is shown in Table 1. Follow-up included ultrasonography, measurement of

TABLE 1
Cohort Characteristics

Characteristic No. of patients

Sex

Men 637

Women 1,791

Age at diagnosis

,45 y 1,059

$45 1,369

Histology

PTC 1,823

FTC 570

PDTC 35

AJCC–UICC (seventh edition)
classification

I 1,577

II 306

III 300

IVA 95

IVC 150

Surgery

Thyroidectomy 2,196

Subtotal thyroidectomy 194

Hemithyroidectomy 36

Microdissection 2

Neck dissection 969

131I therapy

All 2,213

PTC 1,613

FTC 566

PDTC 34

Residual status after surgery

R0 2,265

R1 128

R2 35

Distant metastases 234 (270 sites)

Lung 162

Bones 68

Brain 19

Mediastinal lymph nodes 14

Liver 6

Kidney 1

Recurrence 21 (27 sites)

Thyroid 9

Local lymph nodes 13

Distant metastases 5

R0 5 no residual; R1 5 microscopic residual; R2 5 macro-

scopic residual.
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the tumor marker thyroglobulin under thyroid-stimulating hormone

suppression/stimulation, and diagnostic neck and whole-body scans with
radioiodine according to international standards. Complex cases

involved interdisciplinary discussions. Decisions on treatment were
then often based on supplementary examinations, such as 18F-FDG

PET (or PET/CT) or needle aspiration biopsy. If locoregional re-
currence was encountered, then decisions were made individually,

with major consideration of compartment-oriented lymphadenec-
tomy as the primary therapeutic option (17) as well as a second ap-

plication of radioiodine therapy for residual lesions with the capacity
to store iodine.

Statistics

Survival analysis methods were applied to compare expected
and observed overall survival rates, that is, Kaplan–Meier estima-

tion and the 1-sample log-rank test, conditional on patients’ ob-
served follow-up (18). Overall survival was calculated from the

time of diagnosis until death or last contact. Event-free survival
was calculated from the time of diagnosis until relapse, death, or

last contact. The observed survival of DTC patients was compared

with the expected survival of a matched general population as
proposed by Finkelstein et al. (19). Matching criteria were age at

diagnosis, sex, and calendar year. For each DTC patient, the in-
dividual mortality rate of a matched person in the general popula-

tion was derived in each follow-up year after inclusion. The
expected survival distribution and the expected number of deaths

were obtained on the basis of individual mortality rates. The null
hypothesis that mortality rates in the patient cohort were not different

from the expected mortality rates was tested with the 1-sample log-
rank test (20). We also calculated the standardized mortality ratio

(SMR), defined as the ratio of the number of observed deaths in the
patient cohort to the number of expected deaths in the matched gen-

eral population over the analyzed time span. We calculated the 95%
confidence interval (CI) of the SMR by using the method introduced

by Finkelstein et al. (19).
In addition to the comparison with the reference population, sub-

groups were compared to identify potential risk factors for survival.
Kaplan–Meier estimates and 2-sided log-rank tests were used to test for

differences in survival. Cox proportional haz-

ards models were used to estimate respective
hazard ratios and 95% CIs. Inferential statistics

were exploratory (hypothesis-generating), not
confirmatory, and were interpreted accord-

ingly. P values of less than or equal to 0.05
were considered statistically significant. No

adjustment for multiple testing was performed.
Statistical analyses were performed with

TIBCO Spotfire S1 (version 8.1 for Windows;
TIBCO Software Inc.) and IBM SPSS Statis-

tics (version 22.0 for Windows; released 2013;
IBM Corp.).

RESULTS

The completeness index, defined as the
quotient of the observed number of person-
years divided by the expected number of
person-years, for the entire collective at the
last date of follow-up (April 23, 2013) was
0.8290. Furthermore, the indices did not
differ among the different stages (stage I:
0.8323; II: 0.8442; III: 0.7992; IVA:
0.7612; IVC: 0.8508).
Patients with stage I disease (n 5 1,577)

had a significantly better outcome than the
general population (SMR: 0.61). There was
no significant difference in survival be-
tween the control group and patients with
stage II disease (n 5 306) or stage III dis-
ease (n 5 300). Similarly, there was no
significant difference in survival between
patients with stage IVA disease (T1–
3N1bM0 or T4aN0–1M0; $45 y old;
n 5 95) and the control group. However,
patients with stage IVC disease (M1; $45
y old; n 5 150) clearly had a worse sur-
vival rate (SMR: 2.45) (Fig. 1). SMRs,
95% CIs, and P values for various fol-
low-up periods are shown in Table 2. It is
noteworthy that there were no patients with
stage IVB disease in our cohort, because
this stage involves a large extrathyroid

FIGURE 1. Comparison of overall survival rates (according to seventh edition of AJCC–UICC

TNM classification system) and 95% CIs for population of patients treated for DTC at University

Hospital of Münster with survival rates for matched population.

192 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 56 • No. 2 • February 2015



growth, which is rare in countries with a highly developed medical
system (such as Germany).
Given that there is a considerable difference in biologic behavior

of tumors among patients of different ages and given the large
number of patients in the cohort that we studied, the influence of
age was analyzed further by subdividing the cohort into different
age categories, as follows: juvenile (0–19 y old), early adulthood
(20–44 y old), middle adulthood (45–59 y old), and late adulthood
(60 y old or older) (Supplemental Figs. 1–6 and Supplemental
Table 1) (supplemental materials are available at http://jnm.
snmjournals.org). In summary, the most important finding was that
patients who were 20–45 y old and had distant metastases at di-
agnosis (stage II) had a significantly and considerably increased
SMR. In contrast, patients who were more than 45 y old and had
stage II disease had a normal mortality rate. Furthermore, as we
already found previously (7), the mortality rate was significantly
increased in patients who had stage IVC disease and were 45–60 y
old and more than 60 y old. On the other hand, a significantly
lower mortality rate was observed in elderly patients ($60 y
old) who had stage I disease, that is, patients with small primary
tumors (#2 cm) but no lymph node or distant metastases.
Further statistical analysis of risk parameters for overall survival

and event-free survival revealed differences (P# 0.05) in sex, age,
distant metastases, and histology. Women had a more favorable
outcome than men, and the presence of metastases was the major
predictive factor for survival. Furthermore, patients 45 y old or

older at the time of diagnosis had worse event-free survival than
younger patients. With regard to histology, patients with PDTC
had the worst outcome, and those with PTC had the most favorable
outcome. The presence of macroscopic residual was indicative of
a poorer outcome than the presence of no residual or microscopic
residual. With regard to lymph node status, only the comparison
between N0 and N1b revealed a significant difference in overall
survival and event-free survival in favor of N0. Statistical analysis
of SMRs, 95% confidence intervals, and P values for overall sur-
vival and event-free survival are shown in Table 3.

DISCUSSION

In recent years, the incidence of thyroid cancer has been in-
creasing throughout the world. This increase is mainly due to
earlier diagnosis through improved diagnostic procedures, in-
cluding ultrasound and fine-needle aspiration cytology, as well as
thin-section histopathologic examination of thyroid originally
surgically removed for noncancerous disease. The enhanced in-
cidence is reflected in a marked increase in the number of
patients included in the Münster Thyroid Cancer Registry in
recent years.
There are numerous studies on the treatment of DTC. Surpris-

ingly, very few address the difference in survival between patients
with DTC and the general population (7,8,21). As Eustatia-Rutten
et al. stated, only 2 of 28 reviewed articles on DTC outcomes
had initial and continued standardized treatments through the

TABLE 2
Observed Versus Expected Numbers of Deaths in Each TNM Stage for Various Follow-up Periods

Value for stage*:

Follow-up Parameter I (1,577) II (306) III (300) IVA (95) IVC (150)

5 y O 13 11 19 6 38

E 27.0 11.5 13.7 5.4 14.0

SMR for O/E (95% CI) 0.48 (0.26–0.89) 0.96 (0.49–1.86) 1.39 (0.84–2.31) 1.11 (0.46–2.69) 2.72 (1.90–3.91)

P 0.007 0.887 0.149 0.801 ,0.001

10 y O 34 24 24 10 56

E 51.3 22.7 24.7 9.7 22.0

SMR for O/E (95% CI) 0.66 (0.45–0.97) 1.06 (0.67–1.66) 0.97 (0.62–1.53) 1.03 (0.51–2.06) 2.54 (1.89–3.42)

P 0.016 0.786 0.885 0.924 ,0.001

15 y O 45 32 29 12 69

E 69.6 31.6 31.9 11.2 26.6

SMR for O/E (95% CI) 0.65 (0.46–0.90) 1.01 (0.68–1.50) 0.91 (0.60–1.38) 1.07 (0.57–2.03) 2.59 (1.98–3.39)

P 0.003 0.936 0.613 0.810 ,0.001

20 y O 51 37 32 14 73

E 79.9 36.9 35.4 12.0 29.1

SMR for O/E (95% CI) 0.64 (0.47–0.87) 1.0 (0.7–1.45) 0.9 (0.61–1.34) 1.16 (0.65–2.10) 2.51 (1.93–3.26)

P 0.001 0.983 0.571 0.569 ,0.001

Maximum O 52 38 33 14 75

E 84.7 40.3 35.8 12.1 30.7

SMR for O/E (95% CI) 0.61 (0.45–0.84) 0.94 (0.66–1.35) 0.92 (0.63–1.36) 1.16 (0.64–2.10) 2.45 (1.89–3.17)

P ,0.001 0.713 0.640 0.576 ,0.001

*Values in parentheses are numbers of patients.

O 5 observed number of deaths in population of patients with DTC; E 5 expected number of deaths in matched population.

SURVIVAL OF DTC PATIENTS • Maier et al. 193

http://jnm.snmjournals.org
http://jnm.snmjournals.org


follow-up (22). Furthermore, studies on the survival of patients with
DTC have often failed to classify the tumors with the AJCC–UICC
classification system, which appears to be the most powerful
method for clinical treatment and risk stratification (23–25).
Updating the formerly published Münster Thyroid Cancer Reg-

istry (7) has created one of the largest cohorts of uniformly treated
DTC patients known so far. Accordingly, the number of patients
has increased from 1,497 patients in 2008 to 2,428 patients in
2013, and the number of available follow-up years has increased
by 78%. In contrast to the findings of the previous study (7),
a small but significant improvement in survival (increase in the
SMR from 0.77 to 0.61) has been documented for patients with
stage I thyroid cancer relative to the general population. This
finding may be due in part to selection bias because people who
undergo regular preventive medical checkups may have the op-
portunity for earlier thyroid cancer diagnosis. Furthermore, the
increased follow-up time—in particular, due to the addition of
patients diagnosed since 1966—may accentuate the benefits of
the lifelong medical surveillance of patients included in the clin-
ical study. Thus, a healthier lifestyle is promoted in these patients
through continuous monitoring and patients’ reflection on health
parameters, such as body weight, physical training, blood pres-
sure, and heart rate. In addition, the initiation of earlier medical
clarification of other diseases leads to a long-term prognostic
advantage in these patients. Another fact supporting the hypothesis
is that a significantly better outcome was shown only for the
elderly patients with stage I disease. This group, being at higher
risk for health hazards, will benefit the most from intense medical
surveillance within the first few years of the initial diagnosis.

Consequently, other diseases can be revealed at an early stage,
contributing to an improvement in survival. Furthermore, the in-

troduction of dedicated SPECT/CT and PET/CT systems may

facilitate the timely detection of tumor recurrence and metastasis.

It is conceivable that deaths in stage I were missed more often than

deaths in other stages because the good prognosis would have led

to the patients no longer being monitored after a long recurrence-

free period, especially when more serious diseases may have made

it difficult to attend regular clinic visits. However, this possibility is

highly unlikely because the completeness index for these patients

was as good as that for patients with higher stages of disease.
A “healthy patient phenomenon” was reported for a population in

which the effect of pregnancy on overall survival after the diagnosis
of early-stage breast cancer (26) was studied. The investigators
observed a better outcome for patients who became pregnant after
the diagnosis of early-stage breast cancer than for nonpregnant
matched patients and interpreted the result as a “healthy mother”
effect. The authors stated that this observation may merely represent
a “healthy patient” bias, in that women with a smaller, subclinical
tumor load and therefore a better prognosis may be more likely to
attempt or to achieve a subsequent pregnancy. Another study re-
ported better survival of patients undergoing in vitro fertilization
than of the general population (27). These authors also suggested
a “healthy patient effect” based on the notion that the least healthy
women in a community may be deterred from planning a pregnancy
or accessing in vitro fertilization services; that is, women who are
planning a pregnancy may be healthier than other women of the
same age.
One of the most frequently debated points in publications on the

survival of DTC patients is the difference in outcome and

recurrence between patients with lateral lymph node metastases

and other patients. Although Bhattacharyya asserted that cervical

lymph node metastasis does not influence survival in DTC patients

(11), Podnos et al. reported the opposite result (10). Also, 2 of the

most recent studies pertaining to this question in Germany had

different results. Although Verburg et al. emphasized the poorer sur-

vival of patients with lateral lymph node metastases (8), Vrachimis et

al. reported no reduction in the survival of patients with stage IVA

disease (7). In the present study, we confirmed our previous

results, showing no worsening of the outcome for patients with

stage IVA disease. These results enhanced the opinion expressed

by Verburg et al. (8), who suggested that their results might have

been due to earlier compartment-oriented surgical intervention

instead of watchful waiting and subsequent additional radioiodine

therapy (28).
Although reporting a good outcome for patients with stage

I–IVA disease, the present study and other studies (7,8,21) showed

that patients with stage IVC disease still had a clearly poorer

outcome than the general population. Accordingly, especially at

this stage, it is important to conduct further research on definitive

individual treatments with modern, promising therapies, such

as tyrosine kinase inhibitors, radioimmunotherapy and receptor

therapy, use of bisphosphonates for metastases in the bones, or

stereotactic radiation of brain metastases (29). Another important

finding of the present study was that the conventionally held

belief that young adults with distant metastases have a very good

prognosis, likely with an unimpaired life expectancy, may not

conform to reality, because the present study was the first to show

(to our knowledge) a significantly increased SMR for young adults

(20–45 y old) with distant metastases at the time of diagnosis. This

TABLE 3
Statistical Analysis of Risk Parameters for Overall Survival

and Event-Free Survival

Parameter Hazard ratio (95% CI) P

Women vs. men 0.512 (0.391–0.672) ,0.001

0.488 (0.376–0.633) ,0.001

M0 vs. M1 0.190 (0.145–0.2499) ,0.0001

0.187 (0.144–0.243) ,0.0001

$45 y vs. ,45 y 10.777 (6.645–17.477) ,0.0001

8.056 (5.316–12.208) ,0.0001

FTC vs. PDTC 0.1462 (0.086–0.248) ,0.0001

0.166 (0.097–0.280) ,0.0001

FTC vs. PTC 1.763 (1.332–2.333) ,0.0001

1.825 (1.395–2.387) ,0.0001

PDTC vs. PTC 12.060 (7.227–20.125) ,0.0001

10.977 (6.597–18.265) ,0.0001

R0 vs. R2 0.316 (0.172–0.582) ,0.0002

0.2685 (0.153–0.471) ,0.0001

R1 vs. R2 0.420 (0.193–0.916) 0.0292

0.386 (0.187–0.795) 0.0098

N0 vs. N1b 0.501 (0.359–0.698) ,0.0001

0.486 (0.353–0.668) ,0.0001

R0 5 no residual; R1 5 microscopic residual; R2 5 macro-
scopic residual.
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finding is in contrast to that reported by Verburg et al. (8), who did
not find a lower relative survival rate for this group of patients.
The present study did have some limitations. One of the most

challenging aspects of the comparison of our cohort with the
German general population was the formation of a valid cohort. We
concede that, although this goal was achieved for Germany, the
present study is not necessarily representative for other countries
with different populations and geographic backgrounds. The reason
is that the incidences of DTC differ greatly (30–32), with potential
differences in genetics; these can influence prognosis and outcome
(2). This potential bias is also represented by the fact that the present
study did not include any patients with stage IVB disease, with
a large extrathyroid growth, because it does not occur frequently in
highly industrialized countries (such as Germany). Patients were
excluded at the age of 90 until the year 2000 because the Federal
Statistical Office did not provide any further information beyond
this age. As a consequence, 13 patients had to be excluded; this
exclusion could have led to minor biases represented in inaccurate
descending of the survival curves. The median follow-up time of 6.6 y
was comparable to those in other, similar studies, and the surveil-
lance period was very long. Nevertheless, because of the very
good prognosis for most of the patients, the time for making state-
ments pertaining to long-term recurrence rates in the patients is
relatively short; this topic could be part of a future analysis. How-
ever, this limitation was partially compensated for by the adequate
patient-years assessed in the present study.

CONCLUSION

Older patients (.60 y old) with more limited disease (stage I)
paradoxically had better survival rates than would be expected on
the basis of age and sex, whereas young adults (20–45 y old) as
well as any patient more than 45 y old and with distant metastases
had increased mortality. For all other DTC patients, regardless of
age or TNM stage, no significant difference in survival was found.
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