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Abstract

Objective: To perform a nationwide population based study in ATC on incidence, treatment and survival.

Design: Retrospective cohort study.

Methods: All patients with primary ATC between 1989 and 2016 were identified in the Netherlands Cancer Registry
(NCR). Of all these patients excerpts from the pathology reports from PALGA: Dutch Pathology registry were linked to
the data of the NCR. Standardized incidences were calculated, survival was estimated using Kaplan-Meier method and
univariable statistically significant factors were included in a multivariable regression model.

Results: In total, 812 patients were included. Mean standardized incidence rates were 0.18/100 000 (range
0.11-0.27/100 000) with a significant trend over the years with an estimated annual percentage change of 1.3% per
year (95% Cl 0.4-2.1%). Median overall survival was 2.2 months, and estimated 1-year survival was 12%. Patients
without distant metastases at diagnosis had an estimated 1-year survival of 21.6%. Prognostic factors for prolonged
survival were double or triple therapy, age below 65 years, M0O-status and absence of bilateral lymph node metastases.
Conclusions: ATC is rare, but often lethal, form of thyroid cancer, with a median survival of 2 months and 1-year
survival of approximately 10%. The incidence is slightly rising in the Netherlands over the past 3 decades. There
appears to be a subgroup of patients that survive longer, mainly those with relatively limited disease who underwent
double or triple therapy. Further research is needed to define these patients more distinctively.
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Introduction

Anaplastic thyroid carcinoma (ATC) is one of the most
aggressive solid tumors. The prognosis of this tumor can
be classified as very poor, with a median survival of 3-6
months (1), mainly due to diffuse distant metastases
and/or rapid local growth compromising vital structures
in the neck (2). Anaplastic thyroid carcinoma accounts for
50% of the thyroid-cancer related mortality, but due to its
low incidence occurs in less than 2% of all thyroid cancers

(1, 3, 4). Randomized trials on treatment options are
lacking due to the rarity of the cancer type and the overall
poor prognosis. The American Thyroid Association
published the guideline on ATC, in 2012 (5), and the
NCCN in 2015 (6), providing guidance for diagnosis,
treatment, palliative care and monitoring. An interesting
side evaluation of the guideline showed that the overall
strength and quality of the evidence is poor, indicating,
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furthermore, that high-quality literature is lacking. Based
on clinical practice and several single institutional studies
(7, 8,9, 10), there appears to be a subgroup of ATC patients
with an better than expected survival. Aim of this study
was to perform a nationwide population based study in
ATC patients on incidence, treatment and survival, with
the goal to confirm that there appears to be a subgroup
of patients with a better prognosis and also explore the
clinical characteristics of these patients.

Patients and methods

Data sources

All patients diagnosed with primary ATC between
1989 and 2016 in The Netherlands were identified in
The Netherlands Cancer Registry (NCR) and included
in the study.

The NCR is population-based and cancer cases
are identified from pathology records received from
the nationwide network and registry of histo- and
cytopathology in the Netherlands (PALGA), as well as
from the hospital discharge registry. The completeness of
the NCR was estimated to be equal to at least 95% (11).
Following notification, trained tumor registration clerks
abstract a minimum data set, including patient, tumor
and treatment characteristics from hospital records.

Including all patients with ATC from the PALGA
network formed a second dataset. The PALGA registry has
a national coverage of pathology reports since 1991. It
receives its input data automatically from all pathology
laboratories. Patients are de-identified and excerpts of
the pathology reports containing the age and sex of the
patient, as well as the date, diagnosis and conclusion of
the report are available for research questions from third
parties. The dataset of the NCR was linked to PALGA data
by a trusted third party. This was done in order to check
eventual misclassified patients in the NKR dataset and
to gain extra information on type of surgery performed,
thereby creating an optimal nationwide database of ATC
patients over 1989-2016.

Definitions

Patients were classified based on ICD-O-3 (12) code:
topography C739 for thyroid and morphology 8012,
8020, 8021, 8022, 8030, 8031, 8032, 8033 and 8035. In the
PALGA database, the terms Thyroid (T96) and Anaplastic
carcinoma (M80321) or Thyroid (T96) and Anaplastic
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(M72005) and Carcinoma (M80103) were used. Also plain
text searches with terms Anaplastic Thyroid Carcinoma
were done.

TNM classification was done according to the version
available at time of diagnosis. So, from 1989 to 1998
the 4th edition was used, 1999 to 2002 the 5th edition,
2003 to 2009 the 6th edition and from 2010 to 2016 the
7th edition.

Treatment was classified into groups: surgery only,
surgery plus radiotherapy (RT), surgery plus concurrent
chemoradiotherapy (cCRT), surgery plus radiotherapy
plus adjuvant chemotherapy, RT only, RT plus adjuvant
CT, cCRT only, chemotherapy only or best supportive
care (BSC). These groups were also categorized into
no treatment (BSC), single modality (radiotherapy,
surgery, chemotherapy), double modality (surgery
with radiotherapy, or chemotherapy; radiotherapy
with chemotherapy) and triple modality (surgery with
postoperative radiotherapy and chemotherapy) treatment.
Patients that underwent tracheostomy or surgical biopsy
alone were classified as best supportive care.

Follow-up was available up to 31 January 2018.

Since data is obtained from the anonymized database
from NCR, the ethical board of the METC-LDD provided a
waiver from informed consent.

Statistical analysis

Trends in standardized incidence rates were analyzed using
Joinpoint software (version 4.7.0.0). Patient and treatment
characteristics were analyzed with descriptive statistics.
Overall survival was estimated using the Kaplan-Meier
method. Dutch general population data from Statistics
Netherlands (CBS) was used for standardized incidences
and age-corrected analyses. Different subgroups were
compared using the log-rank test. Univariable analyses
were done using the variables: sex, age at diagnosis, year
of diagnosis, lymph nodes status (N), distant metastases
status (M) and treatment. Statistically significant factors
were included in a multivariable model. These analyses
were performed using the Cox proportional hazards
model. Statistical significance was set at a P-value of <0.0S.
Statistical program used was SPSS version 23.0.

Results

A total of 812 patients were identified with ATC over the
time period of 1989-2016. Clinical characteristics are
shown in Table 1. The age at diagnosis ranged from 29 to
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Table 1 Patient characteristics.

n %
Total 812
Age (median, range) 73 (29-99)
Sex
Male 237 29
Female 575 71
Year of diagnosis
1989-1998 262 32
1999-2008 284 35
2009-2016 266 33
N-status
NO 256 32
N+ 366 45
Nx 190 23
M-status
MO 357 44
M+ 342 42
Mx 113 14
Treatment
No treatment 295 36
Surgery 96 12
Surgery +RT 124 15
Surgery + cCRT 12 2
Surgery + RT+CT 21 3
Surgery + CT 7 1
RT 223 28
cCRT 6 1
RT+CT 24 3
CcT 4 1
Vital status
Dead 784
Alive 28
Follow-up in weeks (median, range) 10 (1-1418)

cCRT, concurrent chemo-radiotherapy; CT, chemotherapy; RT,
radiotherapy.

99, with a mean of 72 and median of 73 years. There was
no significant change in age at diagnosis over the years
studied. There were 575 (71%) female and 237 (29%) male
patients. Mean age significantly differed between male (69
(s.p. 11.2)) and female (74 (s.p. 11.0)) patients (P<0.001).
Local disease without regional or distant metastases at
diagnosis was found in 151/812 (19%) patients.

Almost half of the patients (366/812, 45%) had tumor
positive cervical lymphadenopathy, of which 197/366
(54%) patients had bilateral, midline or contralateral
metastasis (N1b). Distant metastases at diagnosis
were found in 342/812 (42%) patients. Most of these
patients had lung metastases (210/342, 61%). Sixty-six
of 342 (19%) patients had distant metastases at multiple
organ sites.

Active treatment was given in almost two-third of
the patients (517/812, 64%). Monotherapy (surgery,
radiotherapy or chemotherapy) was given in 323/812
patients  (40%). Double multimodality treatment
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(surgery+RT, cCRT, surgery+CT, RT+adjuvant CT) was
given in 161/812 patients (20%). Triple multimodality
treatment (surgery +cCRT, surgery +RT +adjuvant CT) was
given in 33/812 patients 4%).

Incidence

The mean standardized incidence rate (SIR) of ATC over
the years was 0.18 per 100 000, ranging from 0.11 to 0.27
per 100 000. There was a significant trend over the years
with an estimated annual percentage change (EAPC) of
1.3% per year (95% CI: 0.4-2.1%).

The mean SIR in male patients was 0.10 per 100 000
(range 0.05-0.21 per 100 000). There was a significant
trend over time with an EAPC of 2.4 % (95% CI:
0.5-4.3%). For females, the mean SIR was 0.25 per 100 000
(range: 0.15-0.40 per 100 000). There was no significant
trend over time with an EAPC of 0.9 % (95% CI: —-0.2 to
1.9%). Age-adjusted incidence rates showed a EAPC of
3.4% (95% CI: 0.1 to 7.0%).

Overall survival

The median overall survival time was 2.2 months (95% CI
1.9-2.5 months). The estimated 1-year survival rate was
12.0%. Patients without distant metastases at diagnosis
had an estimated 1-year survival rate of 21.6%. Estimated
2 -and S-year overall survival was 8.5% and 5.1%,
respectively.

Patients that underwent only best supportive care had
a median survival of 3.0 weeks (95% CI: 2.4-3.7).

Monotherapy (n=323) resulted in a median overall
survival of 2.9 months (95% CI: 2.4-3.4 months) (Fig. 1).
There was no statistically significant difference between
radiotherapy alone, surgery alone or chemotherapy alone
(P=0.617).

Double therapy (n=155) resulted in a median overall
survival of 6.9 months (95% CI: 5.1-8.8 months). The
overall survival of the patients in which surgery was part
of the treatment appeared slightly better (surgery+RT
median 8.0 months (95% CI: 5.4-10.5) and surgery+CT
median 5.5 months (95 % CI: 0.4-10.6)) than the overall
survival of the patients that did not undergo surgery
(RT+CT median 3.1 months (95% CI: 2.0-4.3) and cCRT
median 2.8 months (95% CI: 0-9.8)) (P=0.009) (Fig. 1).

Triple therapy (n=33) resulted in a median overall
survival of 6.7 months (95% CI: 4.2-9.3). Surgery + cCRT
patients had a median overall survival of 7.5 months
(95% CI: 3.5-11.4 months) and Surgery+RT+adjuvant

CT a median overall survival of 6.5 months
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Figure 1

Kaplan-Meier curve for overall survival of anaplastic thyroid
cancer patients shown by treatment.

(95% CI: 4.6-8.4 months). There was no statistically
significant difference between the latter two groups.
Patients with stage IVA and stage IVB disease
treated with multimodal treatment have equal survival
estimates (median 10.0 and 10.5 months/1-year OS
44% and 45%). Multimodal treated patients with stage
IVC disease had significantly worse survival estimates

Table 2 Prognostic factors for death.
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(median 3.5 months/lyear OS 8%), compared to stage IVA
and stage IVB, P<0.001.

Patients surviving >2 years had significantly less
bilateral lymph node metastases (10% vs 25%), distant
metastases (8% vs 45%), underwent more often double
or triple therapy (69% vs 19%) and were younger (age
below 65 years 48% vs 24% (all with an P<0.001). In a
multivariable Cox regression model, multiple negative
prognostic factors were identified: age at diagnosis,
year of diagnosis, tumor positive cervical lymph nodes
at time of diagnosis and distant metastases at time of
diagnosis (Table 2).

Discussion

This nationwide analysis of ATC patients shows an
overview of the incidence and survival over the past
decades in The Netherlands. The incidence of about 1.2
per 1 000 000 in The Netherlands is somewhat in line
with the incidences in the United States (4). The most
important findings were the increase in incidence of ATC
over the years and the increase in incidence of ATC in
male patients.

The incidence increase over the last decades has been
described by several other studies for thyroid cancer in
general (13, 14). The incidence increase of ATC specifically

Univariable Multivariable

HR 95% Cl P-value HR 95% Cl P-value
Female Ref
Male 0.9 0.8-1.1 0.259
Year of diagnosis 1.007 0.999-1.016 0.106
Age 1.028 1.022-1.035 <0.001 1.014 1.006-1.020 <0.001
NO Ref Ref
N+ 1.5 1.3-1.7 <0.001 1.2 1.0-1.4 0.020
Nx 1.7 1.4-2.1 <0.001 1.2 1.0-1.5 0.050
MO Ref Ref
M1 2.4 2.1-2.9 <0.001 1.8 1.5-2.1 <0.001
Mx 1.5 1.2-1.8 0.001 1.2 1.0-1.5 0.117
No treatment Ref Ref
Surgery 0.4 0.3-0.5 <0.001 0.5 0.4-0.6 <0.001
Surgery + RT 0.2 0.1-0.2 <0.001 0.2 0.2-0.3 <0.001
Surgery + cCRT 0.1 0.1-0.2 <0.001 0.2 0.1-0.4 <0.001
Surgery + RT + CT 0.2 0.1-0.4 <0.001 0.2 0.1-0.6 0.001
Surgery + CT 0.4 0.3-0.4 <0.001 0.4 0.3-0.5 <0.001
RT 0.2 0.1-0.5 <0.001 0.3 0.1-0.7 0.005
cCRT 0.2 0.1-0.3 <0.001 0.3 0.2-0.4 <0.001
RT+CT 0.3 0.2-0.4 <0.001 0.4 0.2-0.6 <0.001
CT 0.4 0.2-1.2 0.107 0.6 0.2-1.5 0.234

cCRT, concurrent chemoradiotherapy; CT, chemotherapy; HR, hazard ratio; RT, radiotherapy.
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has been described based on SEER data, with an average
annual percentage change of 3% (15). The rising incidence
in males specifically has not been described before in
the ATC population. Still, thyroid cancers in general are
more common in women compared to men. It has been
described up to seven times more likely (4). In our study
population, there is also a female predominance (71 vs
39%) in ATC; however, it is less pronounced as in well-
differentiated thyroid cancer.

Main explanations for the rise in incidence of
all thyroid cancers are overdiagnosis and changes
in environmental factors (like exposure to ionizing
irradiation at childhood). The argument of overdiagnosis
does not hold for ATC, since the tumor growth is that
explosive that it is hard to miss. Accidental finding of an
ATC is not that common as it is for well-differentiated
thyroid cancer. Environmental factors could play a role
in the rising ATC incidence. A major risk factor for the
development of ATC is previous benign or malignant
thyroid disease (3, 16). Despite all, ATC is most commonly
seen in elderly patients, which means that age maybe the
strongest predictive factor for the development of ATC. So
it could be that aging of the general population contributes
to the rising incidence found in the present study. Age-
adjusted rates in our study are not conclusive, meaning
that aging of the population is not explaining the entire
rise, but we need to take aging into account interpreting
the incidence rise. A more hypothetical explanation for
the rise in ATC could be that, over the years, physicians
tend to proof every suspected malignancy, even in rapid
growing tumors like ATCs. Almost doubling of the
histology exams registered in PALGA since 1991 may be
an indications for this statement (17).

Survival

Overall survival in ATC is already long known to be poor
(3). Also in our study the overall survival was poor, with
an estimated 1-year survival of 12%. A remarkable finding
of the study regarding overall survival is the difference
between several untreated and treated groups, especially
the importance of adjuvant treatment after surgery.
Surgery alone showed roughly the same outcome as
radiotherapy alone. Albeit, combining surgery with any
form of adjuvant treatment seems to increase survival.
Despite all treatment, mortality within 1 year is above
90%, but there appeared to be small but substantial group
of patients with prolonged survival. Approximately 5-8%
of all the patients do survive longer than 1 year and some
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significantly longer. Looking more closely to the data of
the group of patients (without distant metastases) who
underwent surgery+(C)RT, this percentage of patients
surviving over a year rises to 20% (Fig. 1). So there
seems to be a subgroup of patients that do benefit from
aggressive therapy. These results are in line with the
findings of a Korean study within 19 hospitals (18). They
analyzed 348 patients with ATC over a 12-year period and
found a median disease specific survival of 15 months and
1-year survival of 50% in patients that underwent curative
resection and adjuvant RT/cCRT. Another large series from
Japan (19), including patients from 38 centers, evaluated
677 patients. They found a long-term (defined as >1
year) survival of 15%, of which most patients underwent
surgery with any form of adjuvant therapy. They
identified the following negative prognostic factors in
their patient cohort: extrathyroidal extension, age above
70, leukocytosis, tumors larger than 5 cm and distant
metastases. The single center retrospective study from
MD Anderson (2) also points out that tri-modal treatment
showed the best overall survival and that development
of distant metastases is the main cause for the steep
decrease of the survival curve in the first year. The authors
of the SEER data analysis (n=735) by Huang et al. (20)
showed that (near) total thyroidectomy is the best surgical
strategy. Patients with total thyroidectomy had superior
OS (HR 0.65) compared to those patients in which total
thyroidectomy was not performed. This analysis is biased
by the fact that total thyroidectomy is often not possible
in case of the biologically more aggressive (bigger and
more infiltrative) tumors.

Advantages and limitations

The advantage of the present study is the nationwide
population coverage of the data, which makes reliable
incidence and overall survival analyses possible. Also the
crosslinked connection between two databases (PALGA
and NCR) makes the dataset reliable and robust. The
retrospective design, however, is a limitation. Several
treatment details are lacking, because this information is
not registered by the NCR or PALGA. So details of surgery,
radiotherapy and chemotherapy are not available, but
absolutely desirable for more solid conclusions.

Future perspectives

Anaplastic thyroid carcinoma overall has a very dismal
prognosis. This study showed that there appears to be
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a subgroup of patients with prolonged survival, but
identification of that specific patient group remains
hard. Future research needs to focus on the integration of
molecular analyses data and clinical patient parameters to
help identify the subgroup that may benefit from aggressive
treatment. There are some publications on the genomic
landscape of ATC (21, 22). The study of Kasaian et al.
(21) showed the genomic differences between anaplastic
and differentiated thyroid cancer which may explain the
differences in response to targeted therapy between both
groups. The study of Wu et al. (7) showed that BRAF V60OE
mutations were found in 23% of the patients and PDL-1
expression was also found in 23% of the patients. A phase
II trial in BRAF V600-mutant anaplastic thyroid cancer
patients showed activity of BRAF inhibitors dabrafenib
and trametinib (23). However, the genomic signature of
ATCs is very heterogeneous. It would be useful to not
only focus on targetable mutations but also link genomic
signatures to treatment outcomes and survival in order to
discriminate patients that survive longer from patients that
progress rapidly. Briefly, we want a tool to know upfront
which patients may benefit from aggressive therapy and
which patients do not. More detailed genomic signature
and treatment data of a large nationwide dataset would be
of utmost importance to define such a tool.

Conclusion

In conclusion, ATC is a rare, almost invariably lethal form
of thyroid cancer, with a median survival of 2 months and
a 1-year survival of 10%. The incidence is slightly rising
in The Netherlands over the past 3 decades. There appears
to be a subgroup of patients, mainly those with relatively
limited disease and double or triple therapy, that do
survive longer and further research is needed to define
these patients more distinctively.
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