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Markus Glatzer

PII: S0360-3016(22)03158-3
DOI: https://doi.org/10.1016/j.ijrobp.2022.08.039
Reference: ROB 27799

To appear in: International Journal of Radiation Oncology, Biology, Physics

Received date: 12 May 2022
Revised date: 10 August 2022
Accepted date: 13 August 2022

Please cite this article as: Fabio Dennstädt , Michaela Medová , Paul Martin Putora ,
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Abstract 

Purpose: The Lyman model is one of the most used radiobiological models for calculation of 

Normal Tissue Complication Probability (NTCP). Since its introduction in 1985 many authors 

have published parameter values for the model based on clinical data of different 

radiotherapeutic situations. We attempted to collect the entirety of radiobiological parameter 

sets published until now and to provide an overview of the data basis for different variations of 

the model. Furthermore, we sought to compare the parameter values and calculated NTCPs for 

selected endpoints with sufficient data available. 

Methods and Materials: A systematic literature analysis was performed searching for 

publications that provided parameters for the different variations of the Lyman model in the 

Medline database using PubMed. Parameter sets were grouped into 13 toxicity-related endpoint 

groups. For three selected endpoint groups “reduction of saliva ≤ 25% twelve months after 

irradiation of the parotid”, “symptomatic pneumonitis after irradiation of the lung” and “bleeding ≥ 

grade 2 after irradiation of the rectum”, we compared parameter values and analyzed 

differences in calculated NTCP values.  

Results: A total of 509 parameter sets from 130 publications were identified. We detected 

considerable heterogeneities regarding the number of parameters available for different 

radiooncological situations. Furthermore, for the three selected endpoints we found large 

differences in published parameter values. These translate into great variations of calculated 
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NTCPs, with maximum ranges of 35.2%-93.4% for the saliva endpoint, of 39.4%-90.4% for the 

pneumonitis endpoint and of 5.4%-99.3% for the rectal bleeding endpoint. 

Conclusions: The detected heterogeneity of the data basis as well as the large variations of 

published radiobiological parameters underline the necessity for careful interpretation when 

using such parameters for NTCP calculations. Appropriate selection of parameters as well as 

validation of values is essential when using the Lyman model.  

Keywords: Lyman model, parameters, LKB, radiobiological model, NTCP 

 

Introduction 

NTCP and radiobiological modeling 

Since the beginning of therapeutic use of radiation, the estimation of Normal Tissue 

Complication Probability (NTCP) is a subject of major interest for clinicians as well as for 

radiation biologists. This led to the development of a variety of mathematical models for the 

evaluation of NTCP by incorporating clinical and dosimetric data of various radiooncological 

situations. The goal of these approaches is the prediction of treatment-related side effects to 

support clinical decision-making 1. One of the most frequently used models for calculation of 

NTCP is the Lyman model 2, being very popular due to its effectiveness and relative 

mathematical simplicity 3. 

The Lyman Model 

In 1985 John Lyman introduced a model for NTCP calculation for uniform irradiation of a 

(partial) organ 2. In this phenomenological dose-volume outcome model, the sigmoid shape 

                  



   
 

4 
 

dose-risk relation of radiation is thereby approximated by the curve of an error function. NTCP 

can be calculated using the following equations: 

       √  ∫  
   

   
 

  
     (Eq. 1) 

        
         

         
     (Eq. 2) 

        
       

       (Eq. 3) 

v in Eq. 2 and Eq. 3 thereby represents the fraction volume of the organ that is irradiated to a 

uniform dose D. 

The model includes the following three parameters:  

 TD50, the tolerance dose at which NTCP after irradiation of a reference volume is 50%;  

 m, which is related to the slope of the NTCP curve 

 n, defining the volume dependency of the complication probability. The volume effect is 

large when n is close to 1 while it’s low with n being close to 0. 

While the Lyman model presumes uniform irradiation, the applied dose in organs at risk (OARs) 

near target volumes is highly heterogeneous in modern, conformal radiotherapy 4. Therefore, 

dose volume histograms (DVH) need to be reduced to equivalent uniform situations, for which 

the calculations can be performed. 

Kutcher and Burman introduced a methodology using the concept of the effective volume veff  
5. 

An inhomogeneous DVH is thereby reduced to an equivalent uniform one with veff being 

irradiated to the maximum dose Dmax. Assuming that the bin-dose in each bin meets the dose-

response-relationship for the whole organ, veff can be calculated using the following equation: 
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     ∑     
  

    
       (Eq. 4) 

vi is thereby the fractional volume of the i-th dose-bin with the dose Di. This DVH reduction 

scheme in combination with the Lyman model is termed “Lyman-Kutcher-Burman” (LKB) model.  

Another, often used DVH-reduction scheme was introduced by Niemierko 6 with the concept of 

the (generalized) equivalent uniform dose (EUD). Combining this scheme with the Lyman model 

is sometimes referred to as LEUD. 

     ∑     
   

  

 
   (Eq. 5) 

,where (Di, vi) are the bins of a differential DVH.  

 

As shown by Rancati et al. both approaches (LKB and LEUD) are mathematically equivalent to 

each other 7. 

A special situation occurs when n=1, as it reduces to an equation for the mean organ dose. This 

is often the case for organs with a parallel organ architecture and therefore a high volume effect 

8. 

If n is fixed to a value of 1 before fitting of clinical data, we will refer to this as “Mean Dose 

Lyman model” (MDL). 

An often-used extension of the Lyman/LKB model is done by adding covariates into (Eq.2): 

  
                                  

                                  
  (Eq. 6) 

                  



   
 

6 
 

DMF is thereby a disease modifying factor for the covariate while Y is typically 0 or 1 depending 

on the presence or absence of the factor. These covariates are usually used to account for 

individual factors of radiooncological situations (e.g. smoker/non-smoker or presence/absence 

of chemotherapy), that have an impact on the calculation of NTCP 9. 

Another common extension is the “Mixture Lyman-Kutcher-Burman model” (Mix LKB). It 

additionally provides a formula with the two parameters σ and μ for the distribution of time at 

which toxicity occurs 10. Latent times can thereby be modeled by using a lognormal distribution: 

     
 

  √  
              

   (Eq. 7) 

An analogous extension can be created for the MDL model, which we will refer to as Mixture 

MDL Model (Mix MDL). 

Published model parameters 

Over the decades, researchers have determined parameters for the different versions of the 

Lyman model for a variety of OARs, treatment situations and endpoints – mostly by fitting 

parameters to clinical data. We performed a systematic literature analysis in order to provide an 

overview of the published radiobiological parameters and to identify for which situations 

parameters are available respectively where data are missing. Furthermore, we compared the 

parameter values for selected situations with sufficient parameters from different publications. 

Methods and Materials 

Search strategy 

From September 2021 until May 2022 we performed a systematic literature analysis of 

publications in the Medline database using PubMed. Aim of the search was to identify all 
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parameter values of the Lyman model published for different endpoints/endpoint groups. 

Furthermore, we wanted to check for heterogeneity of parameter values from different 

publications. Therefore we formulated the following question in analogy to the PICO framework 

11: "Does a comparison of Lyman model parameters for an individual endpoint provided by 

different publications yield consistent results?”.  

We used the search terms “lyman-kutcher-burman“, as well as “lyman model” together with 

“radiotherapy”. The search included all papers that were published until December 31st 2021 in 

English or German language. Latest assessment of relevant publications on PubMed was done 

on 10th of May 2022.  All available publications were searched in full text for parameters of the 

Lyman model by two independent researchers (XX and XX). Additionally, publications that cited 

other sources of parameters for the Lyman model were also assessed and included in the 

analysis if suitable parameters were provided. All parameters in the publications for the above-

mentioned variations of the Lyman model (LKB and MDL, Mixture LKB and Mixture MDL; each 

with/without covariates) were extracted if they were based on human data.  

Analyzed parameters were values of TD50, m and n, as well as parameters for DMFs and/or σ 

and μ if applicable. If available, the 95% confidence intervals of the parameter values were also 

extracted. In some publications γ50 (gamma50: normalized dose-response gradient) instead of 

m or a (which is the inverse of n) instead of n were presented. These parameters were included 

as well. Usually, direct calculation of m and n is possible with the following two equations: 

          (Eq. 8) 

  
 

√     
     (Eq. 9) 

Furthermore, we extracted information about organ site, endpoint (including its definition and if 

applicable risk stratification system), number of patients used for analysis, patients’ diagnosis, 
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radiation dose per fraction, radiation technique (2D/3D-conformal radiotherapy (CRT), intensity 

modulated radiotherapy (IMRT), volumetric-modulated arch therapy (VMAT), brachytherapy, 

proton therapy or carbon ion therapy), α/β value if a fractionation correction (usually calculation 

in dose equivalent to 2 Gy/fraction (EQD2)) with the linear-quadratic-model (LQ) was performed, 

year of publication and whether the data were based on a single-center, multi-center or pooled 

analysis. Additionally, we collected information about  patients- and treatment-characteristics 

and study design that were considered relevant. The initial search yielded 287 papers found via 

PubMed of which 121 provided adequate parameters, and nine manuscripts providing additional 

parameters found via citation tracking. Three parameter duplicates have been removed and ten 

parameter sets have been excluded as they belonged to another than the above-mentioned 

variations of the Lyman model. For one publication (Pan et al. 12) no full text was available, but 

parameter sets were provided in the abstract. 

Sorting and analysis of parameters 

All the collected parameter sets were sorted into 13 toxicity-related endpoint groups that were 

identified during the search. We assessed whether or not the individual endpoint of each 

parameter set was “specified/not specified” and “classified/not classified”. An endpoint was 

defined as “specified” if defined criteria for presence/absence of the endpoint were named in the 

source publication. Endpoints were defined as “classified” if a classification system was used for 

the assessment in the publication. Aside from commonly used classification systems like the 

Common Terminology Criteria for Adverse Events (CTCAE) or the risk scores of the Radiation 

Therapy Oncology Group (RTOG), variations of those systems or other classifications described 

by the authors were also included. 

To be included in possible further analysis of selected endpoints, the parameter sets had to fulfil 

all the following criteria: 
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 LKB or MDL (without covariates) model 

 valid organ site 

 parameters fitted to clinical data and not based on subjective estimations 

 all parameters (TD50, m and n) of the parameter set fitted to the same data 

 fractionation scheme provided and/or α/β value provided if fractionation correction with 

LQ-model was done 

After collection and sorting of parameter sets, we performed a further analysis for the following 

three situations, as they were considered to be comparable endpoints with several parameter 

sets from different publications available: 

 MDL - parotid: salivary flow ≤ 25% twelve months after treatment  

 MDL - lung: symptomatic pneumonitis  

 LKB/LEUD - rectum: rectal bleeding ≥ grade 2  

To avoid variation of parameters that may be due to different radiation types, we furthermore 

used only parameter sets for the different techniques of photon therapy and excluded 

parameters from particle therapy or brachytherapy. 

For selected endpoints of interest, analogous endpoints were summarized: 

For the parotid this was done directly as endpoints were described similarly in the manuscripts 

as “<25% excretion function of salivary glands after twelve months” or as “≤ 25% excretion 

function of salivary glands after twelve months”.  

For the lung the described endpoint “symptomatic pneumonitis” as well as the endpoints 

“pneumonitis ≥ grade 2 (CTCAE)”, “pneumonitis ≥ grade 2 (RTOG)” or “pneumonitis ≥ grade 2 
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(Southwest Oncology Group (SWOG))” were grouped. While the classification systems are not 

quite identical, these endpoints were considered to resemble a “symptomatic pneumonitis”.  

For the rectum we analyzed the endpoint for moderate rectal bleeding defined as “rectal 

bleeding ≥ grade 2”. Thereby different classification systems were accepted. Aside from 

commonly used systems such as the CTCAE, RTOG, the European Organisation for Research 

and Treatment of Cancer (EORTC) or the Late Effect Normal Tissue Task Force (LENT) – 

Subjective, Objective, Management, Analytic (SOMA) classification, we also included variations 

of these systems used by some authors. 

Further analysis involved comparison of TD50 and m values and calculation of NTCP with the 

parameters at different doses of EUD. Differences in NTCP were compared for the mean dose 

of the TD50 values of all included parameters. In addition, the dose of maximum NTCP range 

(highest minus lowest NTCP) was determined. 

Results 

Analyzed studies and obtained parameters 

The search yielded 509 parameter sets from 130 publications (PRISMA diagram is provided as 

Fig. A1 in the Supplements). 307 of the 509 parameter sets were grouped as relating to LKB 

with additional 60 parameters that included covariates. For the MDL we found 123 parameter 

sets (+6 with covariates). Only a couple of parameter sets were found for the Mix LKB (5+2 with 

covariates) and the Mix MDL (3+3 with covariates). 

Parameters were grouped into 13 toxicity-related endpoint groups (Table A1 in the 

Supplements). Most publications and parameter sets were found for the endpoint groups 

“gastrointestinal toxicity” (46 publications with 198 parameter sets), “lung toxicity” (22 
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publications with 72 parameter sets) and “salivary gland toxicity” (20 publications with 67 

parameter sets).  

The other toxicity-related endpoint groups were “liver toxicity” (12 publications, 39 parameter 

sets), “genitourinary toxicity” (9 publications, 33 parameter sets), “hematological toxicity” (9 

publications, 24 parameter sets), “skin toxicity” (8 publications, 13 parameter sets), “cardiac 

toxicity” (5 publications, 10 parameter sets), “neuropathy” (4 publications, 8 parameter sets), 

“ototoxicity” (4 publications, 8 parameter sets), “necrosis” (2 publications, 6 parameter sets), 

“ocular toxicity” (2 publications, 3 parameter sets) and “other endpoints” (9 publications, 28 

parameter sets). 

A complete list of all parameter sets is provided in the Supplements (Table A2-A14). 

Further Analysis for three selected endpoints 

Parotid: MDL - salivary flow ≤ 25% twelve months after treatment 

We found several publications providing parameter sets for xerostomia after irradiation of the 

parotid. Many of the publications defined xerostomia by a decrease of the usually stimulated 

salivary excretion flow in comparison to the situation before treatment. We identified ten 

parameter sets from six different publications for the endpoint “less than (or equal to) 25% saliva 

twelve months after the end of the radiotherapy” for the MDL model (Table 1). All parameters 

were obtained from clinical data for irradiation of head and neck tumors performed with 

(primarily) conventional fractionation (CF). Five of the sets were based on CRT, three on IMRT 

and two on a mix of both techniques. 
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It should be noted that some of the authors were involved in several of these publications and 

that there is in some extent an overlap of the clinical data base the parameters of different 

publications were fitted to. 

The TD50 values range from 28.4 Gy to 42 Gy and the m values range from 0.18 to 0.47. 

Calculation of NTCP for the mean TD50 of 38.6 Gy leads to values of 41.3% – 97.7%. The 

largest NTCP range occurs at EUD≈36.1 Gy with a range of 35.2% – 93.4% (Fig. 1 as well as 

Fig. A2 and Table A15 in the Supplements). 

Lung: MDL – symptomatic pneumonitis 

We found six publications providing 11 parameter sets for the grouped endpoint “symptomatic 

pneumonitis” for the MDL model (Table 2).  

The parameters were obtained from clinical data for irradiation mainly of lung cancer but in 

some of the publications also for a variety of other cancers (including esophageal cancer, breast 

cancer, lymphoma, sarcoma, thymoma and pulmonary metastases). Radiotherapeutic 

treatments were heterogeneous and included CRT, IMRT and stereotactic body radiotherapy 

(SBRT) with different fractionation schemes ranging from twice daily (bid) regimens and 

conventional fractionation (CF) to hypofractionation regimens. Detailed information regarding 

the technique and fractionation was missing in the publication of Semenenko et al. 8  which is a 

pooled analysis. In this publication, as well as in the publication of Selvaraj et al. 23 (which is the 

only publication using SBRT), dose was recalculated to EQD2 with α/β=3 Gy. 

The TD50 values range from 21.6 Gy to 47.3 Gy and the m values range from 0.3 to 0.71. 

Calculation of NTCP for the mean TD50 of 31.3 Gy leads to values of 24.5% – 73.7%. The 

largest NTCP range occurs at EUD≈41.1 Gy with a range of 39.4% – 90.4% (Fig. 2 as well as 

Fig. A3 and Table A16 in the Supplements). 
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Rectum: LKB - rectal bleeding ≥ grade 2 

For the endpoint “rectal bleeding ≥ grade 2” we found 17 parameter sets from nine publications 

for the LKB model (Table 3). All the parameters were fitted to data from irradiation of prostate 

cancer. Radiation techniques used included CRT and IMRT with CF, 2.5 Gy/fraction and 3.0 

Gy/fraction. It should be noted that an identical patient cohort was used for fitting of parameters 

in the 2010 Liu 26 and 2014 Olsson 27 publications and some of the authors were also involved 

in both publications. 

The TD50 values range from 41 Gy to 81.9 Gy and the m values range from 0.092 to 0.43. 

Calculation of NTCP for the mean TD50 of 68.7 Gy leads to values of 5.4% – 99.3%. The largest 

NTCP range occurs at EUD≈65.5 Gy with a range of 1.0% – 98.1% (Fig. 3 as well as Fig. A4 

and Table A17 in the Supplements). 

Discussion 

With this literature analysis we aimed to provide an overview of the published parameters of the 

Lyman model. To our knowledge, this systematic review is the first attempt to collect the entirety 

of published parameters for the Lyman model over several decades and for any organ site and 

toxicity-related endpoint.  

Since adequate selection of suitable parameters for individual situations is essential when using 

NTCP models, we hope that this overview would be helpful for readers interested in using the 

Lyman model (Tables for all parameters with the extracted information are provided in the 

Supplements). 

Inhomogeneous data base and substantial varieties of calculated NTCP values 
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We found 509 different parameter sets published in the literature for a variety of different 

radiotherapeutic situations and grouped them into 13 toxicity-related endpoint groups. While this 

is a large number of publications and parameters, the available data are quite heterogeneous. 

For example, we identified 201 parameter sets for gastrointestinal toxicity but only 3 parameter 

sets for ocular toxicity. Obviously, the classification of the selected endpoint groups is prone to 

subjective evaluation and the sheer number of parameter sets does not directly relate to the 

amount of knowledge about the situations. Nevertheless, these enormous differences show the 

heterogeneity of the data base of the Lyman model parameters.  

For the three endpoints “saliva reduction ≤ 25% after 12 months”, “symptomatic pneumonitis”, 

and “rectal bleeding ≥ grade 2”, we detected substantial differences among parameter values. 

These translate into large differences of NTCP values with maximum NTCP ranges of 35.2%-

93.4% for the saliva endpoint, of 39.4%-90.4% for the pneumonitis endpoint and of 5.4%-99.3% 

for the rectal bleeding endpoint. While there are a lot of data available for these three exemplary 

endpoints, it would be challenging to advise which parameters should be used when modeling 

NTCP for one of these situations.  

As a result, it is important to be careful when using published parameter values for calculation of 

NTCP. The fitting of parameter values is based on the properties of the respective patient cohort 

analyzed in an individual study. It should be checked, whether or not the radiooncological 

situation modeled with published parameters truly resembles the situation for which one wants 

to calculate NTCP. Beyond that, one may also try parameter values published for similar 

situations, to check what impact the selection of different parameters has on the calculated 

NTCP.  

Validity of radiobiological parameters and significance of NTCP models  
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Since some of the parameters in the literature were published many years ago, these were 

partially based on outdated treatment standards. These include former radiation techniques and 

fractionation schemes, but also other associated treatments (such as surgery techniques and 

chemotherapy regimens). Furthermore, staging systems and endpoint definitions have changed 

over time (also due to advanced diagnostic modalities). It is questionable, how appropriate 

“outdated” parameter sets can be used for NTCP modeling of oncological situations treated with 

modern state-of-the-art treatment modalities 31.  

Furthermore, NTCP is also highly influenced by non-dosimetric elements, including complex 

physiological and clinical factors 32. While some of these factors may be incorporated either 

directly into the parameters or via covariates as DMFs, this requires a large amount of detailed 

clinical data for often highly individual situations. It is unlikely that the individuality of very 

complex oncological situations can truly be accounted for on a broad data basis.  

Also in general, the predictive capability of simple radiobiological models like the Lyman model 

is limited. Most of the NTCP models used today are rather simple, consisting of dose distribution 

parameters combined with clinical factors and fitted to data from prospective or retrospective 

clinical trials. Depending on the complexity of tissue structure consideration, the NTCP models 

are usually classified as either mechanistic (tissue seen as a cooperative collection of functional 

subunits) or (semi)empirical, DVH-based models 3. Whereas the latter ones are estimating 

complication probability under uniform irradiation, the mechanistic models ascribe the volume 

dependence of the so-called ‘serial’ or ‘parallel’ complications to radiotherapy-mediated 

disruption of the organ’s functional architecture 22. Ideally, all these models aim to accommodate 

to a variable extent the cellular radiobiological knowledge including the LQ model of cell killing. 

At the same time and for the sake of clinical utility, they reduce the very complex information on 

dosimetry, anatomy, and physiology of each clinical situation to a single risk measure.   
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As a result, most of the models employed in the clinical routine today are oversimplified, 

assuming that it is possible to characterize the severity of radiotherapeutic effects by a DVH-

based data only. These models are more indicative of average trends rather than outcomes of 

individual patients 33.  

Prospects of NTCP modeling 

To overcome the above mentioned issues, more sophisticated methods are being developed. 

Predictive multi-metric and voxel-based NTCP models expand the possibilities of DVH 

approaches 31,34.  

Beyond that machine learning can be implemented to encompass the complexity of living 

systems and to advance radiobiological modeling, including efforts to create clinical assays for 

normal tissue radiosensitivity 35. Interpatient variation in radiotherapeutic sensitivity is due to 

various individual factors, such as age, sex, lifestyle or comorbidities and also strongly 

associated with individual genetic traits. Such factors may be included in more sophisticated 

forthcoming models. As for example, genome-wide association studies establishing genetic 

profiles that would predict patient responses to radiotherapy could be employed in the future to 

estimate the individual NTCP 36-37. 

On the other hand, the main aim of NTCP modeling is nowadays to provide clinicians with a 

simple instrument that would help to assess the odds of a safe treatment. In general, 

information obtained by approaches like the Lyman model may not always be completely 

accurate, but nevertheless useful.  

Use of the Lyman model 
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It has been shown that the Lyman model can provide quite acceptable results for certain 

situations when adequate parameters are used (as for example shown for prediction of proctitis 

and rectal bleeding in an analysis of a dataset by Gulliford et al. 
38

).  

Also, in comparison to other phenomenological NTCP models, the Lyman model performs 

reasonably well. In an analysis by Begosh-Mayne et al., the Lyman model outperformed three 

other models (Logistic, Weibull and Poisson) for fitting to early changes of density in computed 

tomography scans after pulmonary irradiation 39. In a study by Tsougos et al., different 

parameter sets for the incidence of radiation pneumonitis  after breast-cancer radiotherapy were 

investigated 40. In their analysis, they were able to predict radiation pneumonitis with acceptable 

accuracy depending on the parameters used for NTCP calculation. 

In any case, predictions using NTCP models need to be interpreted with great caution 41. While 

some useful estimations of NTCP may be possible with the Lyman model, several reports have 

demonstrated its failures. For example, Daly et al. showed that the model fails to accurately 

predict the tolerance of the spinal cord to stereotactic radiosurgery 42. Testing of parameters and 

external validation is necessary before NTCP calculations can be incorporated into clinical 

decision-making. 

Limitations of this study 

Our study has some noteworthy limitations. Our literature search was performed by employing 

limited terms on a single database (PubMed). While we found many parameter values for 

different radiooncological situations with only a couple of parameters added via citation tracking, 

we cannot exclude that relevant literature may have been missed. 

Furthermore, our approach of analyzing and comparing radiobiological parameter sets has 

some obvious limitations. The parameters published in the literature are based on very different 
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treatment situations. We tried to compare parameter sets for a single OAR with the same 

endpoint. Yet, both are not always clearly defined in a way that a direct comparison would be 

unproblematic. Delineation of OARs for example is often not broadly standardized among 

different facilities, yet this is essential for consistent DVH analyses 43. 

Endpoints are also not broadly standardized or always precisely defined. The application of 

scoring systems for adverse events such as the CTCAE or the RTOG/EORTC scale in principle 

facilitates assessment of endpoints in a standardized way. Nevertheless, we detected large 

varieties regarding endpoint definitions among different publications, often with different follow-

up times. For the common endpoints “symptomatic pneumonitis” as well as for “rectal bleeding ≥ 

grade 2” we grouped different definitions and several classification systems to a common 

endpoint. Obviously, this bundling of endpoints is problematic. In one of the included 

publications by Tucker et al., the type of grading system (CTCAE, CTC or RTOG) used for 

assessment of radiation pneumonitis had a considerable impact on the obtained LKB 

parameters 21. Furthermore, the compared radiooncological situations may be highly different 

with different radiation techniques (CRT/IMRT/SBRT), fractionation schemes, 

(neo)adjuvant/concurrent treatments or comorbidities.  

The heterogeneity of situations in different publications is also a problem for pooled analyses 8, 

44
. For a better comparison and generalizability of results for the Lyman model as well as for 

other NTCP models, standardized and transparent documentation of clinical data is essential. 

As mentioned above, the compared parameter sets were derived from multiple different 

radiotherapeutic situations. The observed variations of parameter values and NTCP calculations 

may therefore be foremost an expression of these situational differences. Yet, our approach 

may resemble a real-life situation in which a clinician or a researcher  may want to use the 

Lyman model but finds a variety of parameters that may adequately correspond to the situation 
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to be modelled. It is important to be aware of the problems associated with these situational 

differences and of the high impact they have on radiobiological modeling in general. 

Conclusions 

A vast amount of parameter sets has been published for the Lyman model up to date. While the 

data base is profound for some OARs and endpoints (for example for gastrointestinal toxicity), it 

is quite limited for others. For individual radiotherapeutic situations where many parameters are 

available, the published values may be quite different. As a result, model calculations yield very 

different NTCPs depending on the used parameters. Therefore, calculations done with the 

Lyman model must be interpreted with caution – not only due to general limitations of the model, 

but also due to variation of parameters published in the literature. In clinical practice, these 

models may help in decision-making, but should always be interpreted in the setting of clinical 

experience and common sense. 

 

 

Abbreviations: BCCA – British Columbia Cancer Agency, bid – twice daily, CF – conventional 

fractionation, CRT – conformal radiotherapy, CTC – Common Toxicity Criteria, CTCAE – Common 

Terminology Criteria for Adverse Events, DMF – disease modifying factor, DVH – dose volume histogram,  

EORTC – European Organisation for Research and Treatment of Cancer, EUD – equivalent uniform 

dose, gl – glands, EQD2 – equivalent dose in 2 Gy per fraction, IMRT – intensity-modulated radiotherapy, 

LENT-SOMA – Late Effect Normal Tissue Task Force - Subjective, Objective, Management, Analytic, 

LEUD – Lyman with DVH reduction to EUD, LKB – Lyman-Kutcher-Burman model, LQ  – linear-quadratic, 

MDL – Mean Dose Lyman model, Mix MDL – Mixture Mean Dose Lyman Model, Mix LKB – Mixture 

Lyman-Kutcher-Burman model, NTCP – Normal Tissue Complication Probability, OAR – organ at risk, pts 

– patients, RILD – radiation-induced liver disease, RP – radiation pneumonitis, RTOG – Radiation 

Therapy Oncology Group, SBRT – stereotactic body radiotherapy, SD – standard deviation, SWOG – 
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Southwest Oncology Group, QUANTEC – Qualitative Analyses of Normal Tissue Effects in the Clinic, 

VMAT – volumetric-modulated arch therapy 
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Fig. 1: NTCP as a function of EUD for the endpoint “≤ 25% saliva after 12 months” for the MDL model (n=1). 

 

 

 

  

                  



   
 

25 
 

 

Fig. 2: NTCP as a function of EUD for the endpoint “symptomatic pneumonitis” for the MDL model (n=1)   
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Fig. 3: NTCP as a function of EUD for the endpoint “rectal bleeding ≥ grade 2” for the LKB model. 
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year authors TD50 [Gy] m glands/patients analyzed technique dose/fx notes 

1999 Eisbruch et al.
13

 28.4 0.18 96 gl 88 pts CRT CF primary or postOP RT 

                

2001 Roesink et al.
14

 39 0.45 174 gl 108 pts CRT CF primary or postOP RT 

                

2005 Braam et al. 
15

 42 0.37 80 gl CRT primarily CF partly with chemo 

                

2008 Dijkema et al.
16

 40 0.46 157 CRT primarily CF   
    38 0.33 64 IMRT primarily CF   

                

2010 Houweling et al.
17

 39.9 0.4 384 gl 222 pts CRT/IMRT primarily CF   
    40.1 0.47   CRT primarily CF   
    38.4 0.33   IMRT primarily CF   

                

2010 Dijkema et al.
18

 40.5 0.36 157 gl 92 pts IMRT CF primary or postOP RT  
University Hospital of Michigan 

    39.7 0.44 227 gl 130 pts CRT/IMRT primarily CF primary or postOP RT 
University Medical Center Utrecht 

Table 1: parameter sets used for further comparison for the endpoint “≤ 25% saliva flow 12 months after end of radiotherapy”. 
Abbreviations: CF – conventional fractionation, chemo – chemotherapy, CRT – conventional radiotherapy, fx – fraction, gl – glands, 
IMRT – intensity-modulated radiotherapy, postOP – postoperative, pts – patients, RT – radiotherapy 

 

year authors TD50 [Gy] m endpoint patients analzyed technique dose/fx notes 

1998 Kwa et al.19 30.5 0.3 RP ≥ g2 (SWOG) 540 CRT 1.6-2.7 Gy lung cancer, esophagus cancer, 
breast cancer, malignant lymphoma, 

sarcoma or thymoma 

                  

2003 Seppenwoolde et al.20 30.8 0.37 RP ≥ g2 (SWOG) 382 CRT 1.6-2.7 Gy breast cancer, malignant lymphoma 

or inoperable NSCLC 

                  

2008 Semenenko et al.8 29.9 0.41 "symptomatic RP" 1247     total lung 
    32.6 0.47 "symptomatic RP" in     total lung, RP requiring steroids excluded 
    27.7 0.37 "symptomatic RP" pooled analysis     total lung, any symptomatic RP 
    37.6 0.35 "symptomatic RP"       ipsilateral lung, any symptomatic RP 

                  

2010 Tucker et al.21 26.8 0.47 RP ≥ g2 (RTOG) within 6 m 442 CRT/IMRT primarily 1.2 Gy  bid or CF NSCLC, partly with chemo 
    28.4 0.43 RP ≥ g2 (CTC2.0) within 6 m 442 CRT/IMRT primarily 1.2 Gy  bid or CF NSCLC, partly with chemo 
    21.6 0.71 RP ≥ g2 (CTCAE v3.0) within 6 m 442 CRT/IMRT primarily 1.2 Gy  bid or CF NSCLC, partly with chemo 

                  

2010 Marks et al.22 31.4 0.45 "pneumonitis"   CF     

                  

2019 Selvaraj et al.23 47.3 0.49 pneumonitis ≥ g2 (CTCAE v3.0) 1015 SBRT primarily 3x18 Gy or 4x12 Gy ES-NSCLC or pulmonary metastases 

Table 2: parameter sets used for further comparison for the endpoint “symptomatic pneumonitis”. Abbreviations: bid - twice-daily 
radiotherapy, CRT –  conventional radiotherapy, CF –  conventional fractionation, chemo – chemotherapy, CTC – Common Toxicity 
Criteria, CTCAE – Common Terminology Criteria for Adverse Events, ES – early stage, fx – fraction, IMRT –  intensity-modulated 
radiotherapy, NSCLC – Non-Small Cell Lung Cancer, RP – radiation pneumonitis, RTOG – Radiation Therapy Oncology Group, 
SBRT –  stereotactic body radiotherapy, SWOG – Southwest Oncology Group 
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year  authors TD50 [Gy] m n endpoint patients analzyed technique dose/fx notes 

2004 Cheung et al.
24

 53.6 0.156 3.91 bleeding ≥ g2* 128 CRT CF   
    56.7 0.092 0.746 bleeding ≥ g2* 84 CRT CF patients with hemorrhoids excluded 

                    

2004 Rancati et al.
7
 81.9 0.19 0.23 bleeding ≥ g2 (≈RTOG/EORTC) within 18 

m* 
547 mainly CRT CF mainly radical RT or postOP RT 

    75.6 0.14 0.24 bleeding ≥ g2 (≈RTOG/EORTC) within 18 
m* 

344 mainly CRT CF mainly radical RT or postOP RT,  
radically treated patients 

                    

2004 Tucker et al.
24

 55.9 0.16 log10n=0.013 bleeding ≥ g2 after 2 y* 114 CRT CF DVH 
    48.6 0.167 log10n=4.95 bleeding ≥ g2 after 2 y* 114 CRT CF DWH (dose wall histogram) 

                    

2007 Söhn et al.
25

 78.4 0.108 11.9 bleeding ≥ g2 (CTCAE) 319 CRT CF   

                    

2010 Liu et al.
26

 81 0.14 0.068 bleeding ≥ g2 (RTOG) 159 CRT CF definitive RT 

                    

2014 Olsson et al.
27

 78.5 0.12 0.07 bleeding ≥ g2 (≙CTCAE) 159 CRT CF 5mm CT slice thickness; BCCA 
    76 0.06 0.02 bleeding ≥ g2 (≙CTCAE) 159 CRT CF 3mm CT slice thickness; Aarhus 

hospital* 

                    

2014 Benadjaoud et al.
28

 72.6 0.17 0.12 bleeding ≥ g2 (RTOG) 141 CRT 2.0 Gy and 2.5 Gy partly with adt 

                    

2018 Thor et al.
29

 41 0.43 a=3 bleeding ≥ g2* 989 CRT/IMRT CF   

                    

2021 Brand et al.
30

 74 0.21 0.13 bleeding ≥ g2 (≈RTOG LENT/SOMA) 642 IMRT CF partly with adt 
    61.7 0.22 0.11 bleeding ≥ g2 (≈RTOG LENT/SOMA) 1364 IMRT 3 Gy partly with adt 
    75.8 0.27 0.16 bleeding ≥ g2 (≈RTOG LENT/SOMA) 2006 IMRT CF or 3 Gy partly with adt 
    75.8 0.32 0.19 bleeding ≥ g2 (≈RTOG LENT/SOMA) 2006 IMRT CF or 3 Gy partly with adt 
    80 0.39 0.24 bleeding ≥ g2 (≈RTOG LENT/SOMA) 2006 IMRT CF or 3 Gy partly with adt 

Table 3: parameter sets used for further comparison for the endpoint “rectal bleeding ≥ grade 2”, *see original publication for details. 
Abbreviations: adt – androgen deprivation therapy, BCCA – British Columbia Cancer Agency, CF – conventional fractionation, CRT 
– conventional radiotherapy, CTCAE – Common Terminology Criteria for Adverse Events, DVH – dose volume histogram, DWH – 
dose wall histogram, EORTC – European Organisation for Research and Treatment of Cancer, fx – fraction, IMRT – intensity-
modulated radiotherapy, LENT/SOMA – Late Effect Normal Tissue / Subjective, Objective, Management, Analytic, postOP – 
postoperative, RT – radiotherapy, RTOG – Radiation Therapy Oncology Group, 

 

 

                  


