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  ABSTRACT 

  Background.   A normal tissue complication probability (NTCP) model for radiation-induced hypothyroidism
(RIHT) was previously derived in patients with squamous cell carcinoma of the head and neck (HNSCC) dis-
cerning thyroid volume (V thyroid ), mean thyroid dose (D mean ), and latency as predictive factors. The purpose of this study 
was to test the performance of this model in an independent cohort of patients receiving primary radiotherapy (RT) for 
HNSCC. 
  Material and methods.  A validation cohort of 198 patients with HNSCC was included after plasma thyrotropin (TSH) 
assessment. RIHT was defi ned as TSH    �    4.0 mU/l from blood samples obtained during follow-up. A new mixture NTCP 
model was developed from the validation cohort after multivariable analysis. Due to only one follow-up TSH assessment 
in the validation cohort, the time factor derived from the original cohort was fi xed in a mixture model and applied for 
the NTCP validation. Association between model predictions of the initial model and observed clinical outcome in the 
validation cohort was investigated by applying the previous model (V thyroid , D mean  and time) on the new cohort and 
comparing it to the clinical outcome. 
  Results.  Both D mean  and V thyroid  were confi rmed as signifi cant risk factors for RIHT in the validation cohort, odds ratio 
(OR) 1.19 (1.1 – 1.37) and OR 0.75 (0.57 – 0.9), respectively. A small difference in overall probability of RIHT was 
observed between the cohorts, further analysis indicated this to be related to less frequent blood tests in the validation 
cohort relative to the original cohort. However, Pearson ’ s correlation coeffi cients between model and clinical outcome 
were high: r    �    0.97 estimated by the original model versus the original cohort, and r    �    0.97 estimated by the original 
model versus the new cohort. 
  Conclusion.  D mean  and V thyroid  were signifi cant predictors of RIHT in both cohorts. The original NTCP model demon-
strated external validity owing to high Pearson ’ s correlation coeffi cients between estimated and observed incidence rates 
of RIHT in the original as well as in the validation cohort. This model may facilitate clinically relevant estimations of 
RIHT after RT to the neck.   

  Radiation-induced hypothyroidism (RIHT) is a well 
known late effect after primary radiotherapy (RT) 
to the neck area [1 – 5]. An association between 

hypothyroidism and morbidity and mortality has 
been established [6 – 11] for which reason protective 
measures should be undertaken during treatment 
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planning for RT of the head and neck to prevent 
damage to the thyroid gland. Due to large heteroge-
neities in previous retrospective studies, no clear pic-
ture has emerged to describe specifi c levels of 
glandular dysfunction in relation to radiation treat-
ment doses. This has been accomplished in recent 
studies of patients with squamous cell carcinoma of 
the head and neck (HNSCC) receiving RT as the 
primary treatment [1 – 3]. We developed a normal tis-
sue complication probability NTCP model for RIHT 
[1] including both thyroid volume (V thyroid ) and mean 
radiation dose to the thyroid gland (D mean ) and esti-
mated a fi ve-year risk of developing RIHT of 26% 
for the whole study population with RIHT mainly 
evolving within three years after RT. Two additional 
studies have proposed other NTCP models for 
development of RIHT, all consistently identifying 
radiation dose [2,3] and V thyroid  [2] as signifi cantly 
associated with RIHT. From such dose response-
modeling, recommendations with respect to dose/
volume constraints in dose planning have been 
proposed [1]. 

 However, it is important to evaluate the external 
validity of such NTCP models before eventual imple-
mentation in routine clinical practice. As stated in 
The Quantitative Analyses of Normal Tissue Effects 
in the Clinic (QUANTEC) report [12], too few 
external validations are actually performed. There-
fore, we aimed to test the performance of our original 
NTCP model in an independent cohort of patients 
with HNSCC from another institution.   

 Material and methods 

 The original cohort (cohort 1) treated at Odense 
University Hospital (OUH), Denmark, has been 
described previously [1]. A similar sized validation 
cohort (cohort 2) of patients with HNSCC was 
obtained from the Department of Oncology at Aar-
hus University Hospital, Denmark. Patients were 
included after an assessment of plasma thyrotropin 
(TSH) at routine follow-up in the outpatient clinic 
from June to December 2012 until a cohort about 
the same size as cohort 1 was obtained (Supplemen-
tary Figure 1, available online at: http://informa-
healthcare.com/doi/abs/10.3109/0284186X.2015.10
64160). At the department in Aarhus, patients are 
seen in the outpatient clinic at regular monthly inter-
vals up to fi ve years after primary radiotherapy. 

 The inclusion and exclusion criteria were identi-
cal in the two studies: invasive HNSCC of the oral 
cavity, oropharynx, hypopharynx or larynx, treated 
according to the Danish Head and Neck Cancer 
Group (DAHANCA) guidelines with external beam 
RT, with a planned total dose of 66 – 68 Gy in 33 – 34 
fractions, 5 – 6 fractions/week, six fractions as BID 

one day weekly. In cohort 1, patients receiving 68 
Gy with IMRT could be treated in 33 fractions to 
assure a dose per fraction of at least 1.5 Gy to elec-
tive sites. 

 Concomitant weekly platinum (cisplatin 40 mg/m 2  
or carboplatin AUC 1.5) with or without the radio-
sensitizer nimorazole (1200 mg/m 2 ) was allowed. 
However, no primary surgery was allowed due to the 
increased risk of RIHT from this treatment modality 
[5]. Patients were excluded in case of a new primary 
HNSCC or retreatment of recurrent disease, except 
salvage treatment with neck dissection alone. Patients 
with nasopharyngeal cancer were excluded due to 
the possible impact of radiation on the pituitary 
gland and consequent development of central RIHT. 
A computed tomography (CT)-based three-dimen-
sional (3D) treatment plan had to be available for 
dose calculation, excluding patients receiving an 
electron boost. Patients who had received previous 
RT to the neck area were excluded if the thyroid 
D mean  exceeded 2 Gy or the exact thyroid dose could 
not be calculated.  

 Endocrine assessment 

 Patients were defi ned as euthyroid if a TSH measure-
ment was within the normal range (TSH 0.3 – 4.0 
mIU/l [13]). In the present study, biochemical RIHT 
was defi ned as a measured TSH above    �    4.0 mIU/l 
at any time after RT. 

 To avoid bias of TSH assessments, a standard 
procedure was applied. All blood samples were 
immediately centrifuged, pipetted into tubes, frozen 
and sent to the laboratory at OUH where they were 
analyzed. Identically to cohort 1 TSH analyses were 
done using Architect  i  system, Abbot. Baseline levels 
of TSH were obtained from frozen blood samples 
taken routinely before start of RT, or within the fi rst 
two weeks of treatment. Blood samples were obtained 
from the blood bank at the Department of Experi-
mental Clinical Oncology, Aarhus University Hos-
pital (lithium-heparin plasma stored at    �    80  o C). 
Analyses were performed in March 2013. Baseline 
assessments in cohort 2 were obtained before RT in 
fi ve patients, during the fi rst week of RT in 150, 
and during the second week in the remaining 
43 patients. 

 One baseline and one follow-up sample of TSH 
were obtained from cohort 2.   

 Treatment planning/radiotherapy 

 Treatment planning CT-scans were performed on a 
Philips Gemini TF 16 Big Bore PET-CT scanner or 
a Philips Brilliance BB16 CT scanner, both with a 
slice thickness of 3 mm. Treatment planning was 
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distribution. The following covariates: baseline 
TSH, age, site (dichotomized), stage (dichoto-
mized), neck dissection after RT, concomitant 
ChRT, and sex were added stepwise to the cohort 
2 model to test for statistical signifi cance. 95% CIs 
were derived by the profi le likelihood method, and 
p-values for signifi cance were derived from the 
likelihood ratio (LR) test. A new mixture NTCP 
model, NTCP2, was derived from the multivari-
able analysis. 

 Validation of the NTCP model was performed 
using calibration plots showing the clinically observed 
outcome in groups of patients binned according to 
the predicted outcome. This was achieved by esti-
mating the individual patient ’ s predicted risk of 
RIHT at the time of being diagnosed with RIHT, or 
at the time of the last blood draw. The predicted 
values were then ranked in ascending order and used 
to form nine equally sized groups with increasing 
predicted risk of RIHT. The observed probability of 
RITH within each group was plotted as a function 
of mean estimated risk for each group. Error bars of 
observed risks were calculated assuming a binomial 
distribution. Correlation between the predicted and 
observed values was quantifi ed by Pearson ’ s correla-
tion coeffi cient. 

  An explorative approach was executed to inves-
tigate the infl uence of the number of TSH samples 
on the predictions. This could either be done by ran-
domly selecting a single blood test from each patient 
in cohort 1 to create a new NTCP model and sub-
sequently evaluate whether this model was closer to 
the NTCP model derived from cohort 2 than the 
initial model from cohort 1. However, a single sample 
from cohort 1 might induce biased estimates if 
 “ extreme ”  data values had been sampled by coinci-
dence. To address this issue, subsamples from cohort 1 
(containing only one blood test per patient) were 
sampled not just once, but 10 000 times. Each of 
these 10 000 subsets of cohort 1 was used to make 
10 000 new NTCP models, referred to as cohort 1S 
(Monte Carlo sampled cohort). Cohort 1S thus gen-
erated a distribution of values, 10 000 values, for 
each NTCP model parameter. The Cohort 1S values 
are therefore reported as the median value of the 
parameter distribution and the 95% CIs were 
obtained as the central region (2.5% below and 
above) that includes 95% of parameter values from 
the Monte Carlo simulation.   

 Ethics 

 The study was approved by the Regional Ethics 
Committees for Southern Denmark (S-20110027) 
and the Danish Data Protection Agency (J.nr. 2012-
41-0899).    

done using Eclipse (Varian Medical Systems, Inc., 
Palo Alto, CA, USA) version 8.0, 8.5, 8.6 or 10.0. 
Delineation of the thyroid gland and dose calcula-
tion in all plans was done using Eclipse version 10.0. 
All patients were treated in the period 2007 – 2012 
and the majority of the treatment plans were done 
as IMRT and doses were calculated using tissue het-
erogeneity. Sparing the thyroid gland was not part 
of the optimization objectives in contrast to the adja-
cent larynx and swallowing structures. The treat-
ment plans were exported as DICOM RT fi les to 
the DICOM Collaboration system [14] at Odense 
University Hospital and D mean  and V thyroid  were 
extracted from this server.   

 Statistical analysis and NTCP modeling 

 The binary endpoint was presence of biochemical 
RIHT as defi ned above. Follow-up time was defi ned 
from the last day of RT to the date of blood draw. 
For comparison of the characteristics of patients 
included in cohorts 1 and 2, the Mann Whitney 
U-test or Fisher ’ s exact test were used when appro-
priate. In our previous study [1], a mixture model 
was used for multivariable analyses and NTCP mod-
eling. The mixture model was a logistic dose response 
model incorporating covariates affecting the risk of 
RIHT and a latent time distribution parameterized 
by a cumulative Weibull distribution from which 
actuarial risk estimates of hypothyroidism could be 
obtained. 

 The NTCP model previously developed from 
cohort 1 was: 

 NTCP    �    (1    �    exp ( � S)) �1  , where: 

 S    �    k const     �    k Dose     *    D mean     �    k Vol     *       V thyroid  

 More than half of the patients in cohort 1 had mul-
tiple (2 – 11) TSH measurements during follow-up. 
The serial blood samples were used to assess the time 
to development of RIHT and from this, incorporat-
ing the time factor in the analysis. Model optimiza-
tion of the data in cohort 2 with just one TSH 
assessment per patient was unattainable when the 
parameters related to the latent time distribution 
were included in the optimization due to very large 
uncertainties of the fi tted values. Therefore, the latent 
time distribution parameters were fi xed at the esti-
mates from cohort 1 when analyzing the RIHT data 
from cohort 2. 

 In addition to the validation of the original 
model applied to cohort 2, multivariable mixture 
model analysis was performed in cohort 2 includ-
ing volume (V thyroid ) and mean dose (D mean ) as in 
the previous study, and with the fi xed latent-time 
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 Results 

 A total of 198 patients were included in cohort 2. 
There were no statistically signifi cant differences 
between the two cohorts as regards sex, age, primary 
tumor site, stage or V thyroid . D mean  was signifi cantly 
lower in cohort 2, median 33.5 Gy compared with 
median 39.2 Gy in cohort 1, p    �    0.018 (Table I). 
Baseline TSH was also signifi cantly lower in cohort 
2, p    �    0.001. 

 Median time to TSH assessment in cohort 2 was 
22.4 months (range 0.5 – 62.6) after RT. Nineteen of 
198 (9.6%) patients in cohort 2 had biochemical 
RIHT on the follow-up test, 12 patients had sub-
clinical HT [TSH above the normal range and free 
(F)-T4 within the normal range of 9.9 – 17.7 pmol/l] 
and seven patients had developed overt HT (TSH 
above and F-T4 below the normal range). 

 D emean  and V thyroid  were consistently found as 
highly signifi cant risk factors for development of 

RIHT from the multivariable analyses in all cohorts 
(Table II). In cohort 2, baseline TSH was also a sig-
nifi cant risk factor. The model was also analyzed with 
the addition of baseline TSH, V thyroid  and D mean  still 
retained signifi cance (data not shown). None of the 
other factors were signifi cant in the multivariable 
analyses. 

 The model parameters for the original NTCP 
model (NTCP1) and the NTCP model from the 
validation cohort (NTCP2) with fi xed latent time 
distribution are shown in Table III. Figure 1 demon-
strates the dose response curves for the two NTCP 
models for selected thyroid volumes. 

 Calibration plots of predicted results in cohorts 1 
and 2 are shown in Figure 2A and B. The calibration 
plots demonstrated very high Pearson ’ s correlation 
coeffi cients between predicted and observed risk 
(cohort 1 vs. NTCP1, r    �    0.97; cohort 2 vs. NTCP2, 
r    �    0.96). This also applied to the calibration of the 

  Table I. Patient characteristics of the original cohort (cohort 1) and validation cohort (cohort 2).  

Variable
Cohort 1 

number (%)
Cohort 2 

number (%) p-Value

Sex
Male 157 (77.3) 155 (78.3) NS b 
Female 46 (22.7) 43 (21.7)

Age (years)
Median (range) 61.1 (41.5 – 86.8) 60.2 (31.4 – 85.0) NS a 

Tumor site
Oral cavity 7 (3.5) 6 (3.0) NS b 
Oropharynx 102 (50.3) 100 (50.5)
Hypopharynx 11 (5.4) 10 (5.1)
Larynx 83 (40.9) 82 (41.4)

Stage
I �    II 84 (41.3) 66 (34.2) NS b 
III �    IV 119 (58.7) 127 (65.8)

Dose (Gy) to primary site
60 3 (1.5) 0.021 b 
62 1 (0.5)
66 158 (77.8) 134 (67.7)
68 45 (22.2) 60 (30.8)

Number of fractions
30 2 (1)  �    0.001 b 
33 191 (94.1) 143 (71.8)
34 12 (5.9) 55 (27.8)

Systemic treatment
None 159 (77.8) 120 (60.6)  �    0.001 b 
Chemotherapy 44 (22.2) 78 (39.4)

Mean thyroid dose (Gy)
Median (range) 39.2 (1.2 – 68.0) 33.5 (3.8 – 64.8) 0.018 a 

Thyroid volume (cm 3 )
Median (range) 17.4 (5.4 – 51.5) 17.3 (6.4 – 85) NS a 

Time to (last) follow-up (months)
Median (range) 25.1 (1.8 – 116.3) 22.4 (0.5 – 62.6)

Baseline TSH (mU/l)
Median (range) 1.24 (0.37 – 3.7) 0.93 (0.3 – 3.43)  �    0.001 a 

Neck dissection after RT
No 172 (84.7) 137 (69.2)
Yes 31 (15.3) 61 (30.8)  �    0.001 b 

     a analyzed with the Mann-Whitney U-test;  b  analyzed with Fisher ’ s exact test.   
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original model on the new, independent cohort 
(cohort 2 vs. NTCP1, r    �    0.97) (Figure 2C). 

 We found higher risk estimates of RIHT by 
NTCP1 (multiple blood samples) than actually 
observed in cohort 2 (Figure 2C) (slope of calibration 
plot less than unity). This was also observed when 
NTCP1 and NTCP2 were compared (Figure 3A). 

 In the additional analyses of a supplementary sam-
pling of the original patient cohort, cohort 1S, imitating 
a single blood test sampling, demonstrated that only 
D mean  and V thyroid  were signifi cant risk factors for RIHT 
in the sample, as in cohort 1 (Table II) and the cor-
responding parameters of the NTCP model (NTCP1S) 
are shown in Table III. Thus, comparison of NTCP1S 
and NTCP2 showed almost identical risk estimates 
between the two one-sample cohorts (Figure 3B).   

 Discussion 

 RIHT is a frequent late effect after RT with reported 
incidences of biochemical RIHT ranging from around 

20% to over 50% [1 – 4]. The incidences are consider-
ably increased compared to the background popula-
tion [15,16]. Bearing in mind the possible long-term 
consequences of hypothyroidism, such as increased 
morbidity and mortality [6 – 10], as well as decreased 
quality of life [11], there is a need to establish the dose 
response relationship for RIHT as a rational way to 
decide on dose constraints for treatment planning. 
While we previously have given recommendations 
with respect to dose-volume constraints for the thy-
roid gland in head and neck cancer patients, we also 
found large confi dence intervals in our study popula-
tion [1]. Therefore, larger cohorts of patients are 
needed to improve estimates for clinical application, 
and dose response relationships  –  as described by 
NTCP models  –  should attain a robustness that allows 
generalization between different patient populations. 

 There are considerable uncertainties associated 
with NTCP models. We have tried to minimize the 
impact of random effects on estimates of RIHT by 
including a fairly large number of patients in two 
independent cohorts of patients with HNSCC. Fur-
thermore, patients in both cohorts received a rela-
tively standardized treatment according to the 
DAHANCA guidelines [17], and no surgery was 
allowed to reduce the impact of other well known 
risk factors for hypothyroidism. 

 The two cohorts studied here were considered as 
representative for the population of patients with 

  Table II. Results of multivariable analyses of RIHT in the original cohort 1, validation cohort 2 and the sampled 
cohort 1S.  

Cohort 1 Cohort 2 Cohort 1S

OR 95% CI p-Value OR 95% CI p-Value OR 95% CI p-Value

Mean thyroid dose (Gy)
  Continuous   1.12   1.07 – 1.20    �    0.001   1.19   1.10 – 1.37    �    0.001   1.20   1.11 – 1.45    �    0.001

Thyroid volume (cm 3 )
  Continuous 0.75 0.64 – 0.85  �    0.001 0.75 0.57 – 0.90  �    0.001 0.74 0.54 – 0.86  �    0.001

Baseline TSH
  Continuous 1.84 0.79 – 5.09 NS 4.69 1.45 – 21.68 0.01 2.42 0.70 – 15.41 NS

Age (years)
  Continuous 0.99 0.93 – 1.06 NS 0.97 0.84 – 1.07 NS 0.98 0.88 – 1.07 NS

Tumor site a 
  1    �    2
  3    �    4

0.95 0.27 – 3.18 NS 1.17 0.26 – 5.20 NS 1.53 0.2 – 10.96 NS

Stage
  I  �  II
  III  �  IV

0.48 0.10 – 1.83 NS 1.84 0.23 – 17.97 NS 0.22 0.00 – 2.44 NS

Neck dissection after RT
  None
  Neck diss.

1.06 0.23 – 5.01 NS 0.34 0.06 – 1.73 NS 0.86 0.08 – 16.74 NS

Systemic treatment
  None
  Chemotherapy

0.51 0.12 – 1.94 NS 2.17 0.48 – 13.23 NS 0.46 0.04 – 5.17 NS

Sex
  Male
  Female

1.26 0.29 – 5.42 NS 0.94 0.14 – 6.17 NS 0.62 0.02 – 8.77 NS

     a 1    �    oral cavity, 2    �    oropharynx, 3    �    hypopharynx, 4    �    larynx.   

  Table III. Model parameters from the original NTCP model 
(NTCP1), the NTCP model from the validation cohort (NTCP2) 
and the Monte Carlo sampled model (NTCP1S).  

Model k const k Dose k Vol 

NTCP1  � 1.24 0.12  � 0.29
NTCP2  � 4.71 0.17  � 0.28
NTCP1S  � 4.92 0.18  � 0.30



1306 M. F. R ø njom et al. 

HNSCC treated with primary RT at the two institu-
tions, however, the median D mean  was signifi cantly 
lower in cohort 2 than in cohort 1. This may be 
ascribed to a dose planning strategy used in the 
department in Aarhus to lower the dose to the larynx 
and swallowing structures (to reduce the risk of radi-
ation-induced dysphagia), subsequently leading to a 
lower dose to the adjacent thyroid gland. 

 To minimize another potential analytical bias 
between the cohorts in estimating our endpoint, all 
blood samples were analyzed in the same laboratory 
and the use of frozen blood samples in cohort 2 was 
considered appropriate according to other investiga-
tions [18]. However, a signifi cant difference in base-
line TSH was found. This might at least partly be 
explained by the time of blood sampling during the 

fi rst two weeks of treatment in most of the patients 
in cohort 2 in contrast to only eight in cohort 1, as 
thyroiditis with subsequent reduced TSH levels is a 
recognized acute reaction from RT to the neck 
[19]. 

 By taking latency into account in NTCP model-
ing, the time of occurrence of an event is estimated 
as well as time censoring [1,20]. Bentzen et   al. [21] 
demonstrated that it was possible to estimate latency 
from a single follow-up clinical study. However, in 
the current study, the available data regarding time 
in relation to only one TSH assessment did not allow 
us to repeat such an estimate of the latency function, 
as the uncertainties were too large for a meaningful 
comparison of the two cohorts. Therefore, the latency 
function of cohort 1 was applied on cohort 2 and, 

  Figure 1.     Dose response curves for the original NTCP model (NTCP1) in blue and the model from the validation cohort (NTCP2) in 
black for selected thyroid volumes.  

  Figure 2.     Calibration plots (A) demonstrates the expected probability from the original NTCP1 versus the observed probability in the 
original cohort 1, (B) expected probability from NTCP2 versus observed probability in validation cohort 2, C) Demonstrates the external 
validation of the original NTCP model, expected probability from NTCP1 (estimated on cohort 2) versus observed probability in validation 
cohort 2.  
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the validity of the latency function was thus not val-
idated in the current study. 

 In the QUANTEC report, three aspects of vali-
dation of NTCP models were distinguished: face 
validity, internal validity and external validity [12]. 
Face validity relates to whether the fi ndings of a 
study are reasonable. Pretreatment V thyroid  and D mean  
were found to be signifi cant risk factors in cohort 2 
as well as in cohort 1 and cohort 1S, which is in 
accordance with other studies [2,3,22]. Sex has been 
found to be a signifi cant risk factor in earlier studies 
[5], which may refl ect that women have smaller thy-
roid glands [23]. In the original study of cohort 1, 
volume was still signifi cant in subgroup analyses of 
men and women separately, while sex as such was 
not an independent factor [1]. Baseline TSH was a 
signifi cant risk factor in multivariable analyses in 
cohort 2, but not in cohort 1. Baseline TSH was 
lower in cohort 2, which could be ascribed to blood 
sampling during the fi rst two weeks of treatment, 
and was not included in the NTCP2 model, since 

baseline TSH was not associated with RIHT in 
cohort 1. From the results of our multivariable anal-
yses, in relation to other studies, we can conclude 
that the fi ndings in the two cohorts and the derived 
NTCP models have face validity. 

 The internal model validity, which is the ability 
of the model to predict the clinical outcome of the 
data used for modeling, is shown in Figure 2A and 
B. High Pearson ’ s correlation values were found 
demonstrating that the models predict the relative 
risk probabilities with high precision. Furthermore, 
the data points in Figure 2A and B scatter around 
the line of identity, which shows that also the abso-
lute predicted risk values are in line with the clinically 
measured values. 

 The aim of this study was to carry out an exter-
nal validation of our mixture NTCP model 
(NTCP1) that is the ability of a model to predict 
clinical outcome in a separate cohort from the one 
used for the initial modeling. The calibration plot 
in Figure 2C shows the external validity of this 
model. The correlation coeffi cient between pre-
dicted values from NTCP1 and those observed in 
cohort 2 is very high, and the calibration plot dem-
onstrates that NTCP1 has external validity in terms 
of relative risk probabilities. 

 If the absolute NTCP is considered (Figure 2C), 
there is a tendency that NTCP1 generates higher risk 
estimates of RIHT than is observed in cohort 2 (also 
apparent when comparing the dose response curves 
from NTCP1 and NTCP2 in Figure 1). The small 
difference in predicted absolute values is not neces-
sarily related to biological differences between the 
two cohorts. This is observed in the simulation of 
cohort 1S that is a simulation of a likely outcome if 
only one blood sample per patient had been present 
during the initial NTCP modeling. The NTCP1S is 
almost identical to the NTCP2 model (Table III). 
This shows that the small difference in prediction of 
the absolute values of the original model of cohort 2 
might be related to the use of only one blood sample 
resulting in fewer events since the measurement of 
just a single TSH above 4 is defi ned as an event. 
Diagnosing RIHT from a single TSH measurement 
above 4.0 mIU/l at any time, considering the bio-
logical and analytical variation in TSH assessments 
[24], may lead to an overestimation of RIHT. How-
ever, this endpoint is commonly used in studies of 
RIHT [2,3,5,22]. 

 The independent factors in the models of RIHT 
are volume of the thyroid gland and the mean dose 
to the thyroid. These are obviously dependent of the 
delineation accuracy of the thyroid gland. We inves-
tigated the impact of delineation of the gland by dif-
ferent observers [25] and found that the variation in 
predicted risk of radiation-induced HT was rather 

  Figure 3.     (A) The risk of developing radiation-induced HT, 
estimated from the original NTCP1 (multiple blood samples) and 
NTCP2 from the validation cohort (single blood samples). B) The 
risk of HT, estimated from the Monte Carlo sampled NTCP1S 
and NTCP2 (both one blood sample). Estimations were done on 
patients from both cohorts.  
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small for the general study population and concluded 
that the proposed NTCP model is relatively insensi-
tive to delineation uncertainties of the thyroid gland, 
which is important for the use of the model in other 
institutions. 

 In conclusion, in this validation cohort, we con-
fi rmed decreasing V thyroid  and increasing mean dose 
to the thyroid gland as signifi cant risk factors for 
RIHT after RT for head and neck cancer. When 
comparing the predicted risk of RIHT by the original 
NTCP model in the new cohort, the predictions cor-
related strongly with clinical observations, demon-
strating the external validity of the model. A minor 
difference in overall predicted risk values is possibly 
related to different number of blood samples in the 
two cohorts. Considering the possible long-term 
consequences of hypothyroidism it is important that 
the thyroid gland is regarded as an organ at risk in 
treatment planning of RT. The validation of our 
NTCP model has shown that the model reliably 
describes the dose response relationship for RIHT.                 
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