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Abstract
Aim  To evaluate final height in a cohort of Dutch childhood cancer survivors (CCS) 

and assess possible determinants of final height, including height at diagnosis.

Patients and Methods  We calculated standard deviation scores (SDS) for 

height at initial cancer diagnosis and height in adulthood in a cohort of 573 CCS. 

Multivariable regression analyses were performed to estimate the influence of 

different determinants on height SDS at follow-up.

Results  Overall, survivors had a normal height SDS at cancer diagnosis. 

However, at follow-up in adulthood, 8.9% had a height ≤-2 SDS. Height SDS at 

diagnosis was an important determinant for adult height SDS. Children treated 

with (higher doses of) radiotherapy showed significantly reduced final height 

SDS. Survivors treated with total body irradiation (TBI) and craniospinal radiation 

had the greatest loss in height (-1.56 and -1.37 SDS respectively). Younger age at 

diagnosis contributed negatively to final height. 

Conclusion  Height at diagnosis was an important determinant for height SDS at 

follow-up. Survivors treated with TBI, cranial and craniospinal irradiation should 

be monitored periodically for adequate linear growth, to enable treatment on 

time if necessary. For correct interpretation of treatment-related late effects 

studies in CCS, pre-treatment data should always be included.
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Introduction
Over the last five decades improvements in the treatment of childhood cancer 

have resulted in dramatically increased survival rates.1 However, oncologic 

treatment may induce different late effects. The quality of life of childhood cancer 

survivors (CCS) may be impaired by these late effects.2,3 Research on these late 

effects can improve quality of survivorship, for instance by earlier detection of 

health problems in this patient group, and adequate and earlier treatment. Future 

patients may benefit from this research as most toxic elements of therapy are 

identified and future treatment schemes may be adapted as long as survival 

rates are not influenced. 

One of the possible late effects of childhood cancer therapies is reduced final 

height. Growth impairment can negatively impact quality of life, especially 

in individuals with a low a priori target height. Impaired growth may hamper 

the social development of these children, who often already feel different 

from their peers due to other late effects. The association between impaired 

growth resulting in a decreased final height and childhood cancer therapy was 

previously investigated in 1997 with data of the first consecutive 285 CCS seen 

at our late effects outpatient clinic.4 Currently, 15 years later, all CCS of our late 

effects outpatient clinic have been identified and the cohort includes over 1500 

survivors. 

It is assumed that cancer treatment in childhood can influence final height 

through three major pathways. Firstly, skeletal growth may directly be influenced 

by cranial, spinal or abdominal radiation therapy.5,6 A second cause is the 

disturbance of hormone secretion by the hypothalamus and the pituitary gland, 

caused by radiation damage or a brain tumour.7 These disturbances may result 

in hypothyroidism, growth hormone deficiency and/or precocious puberty.4,8,9 

Finally, it has been hypothesized that short stature can be a result of treatment 

with  (chronic) steroids, treatment with chemotherapy, graft versus host-

disease or underweight.10,11 Besides these aforementioned factors, final height is 

determined by genetic factors. However, in most studies addressing final height 

after childhood cancer treatment, height at diagnosis or familial constitution 
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are not taken into consideration. One 

relatively small cohort study by Talvensaari 

et al. found that children with tall stature at 

diagnosis were at increased risk for reduced 

final height compared to children with short 

stature.12 In contrast to this finding, van Waas 

et al. recently assessed 84 survivors of non-

Hodgkin lymphoma (NHL) and reported that 

lower adult height was most likely due to 

lower height at diagnosis.13 They did not find 

any treatment-related risk factors.

The goal of this study was to assess final 

height in a large cohort of CCS and to 

assess the influence of (treatment-related) 

covariates, including height at diagnosis, for 

survivors’ final height.

Methods

Study population and data 
collection
In 1996, the Late Effects Outpatient Clinic for 

CCS was established in the Emma Children’s 

Hospital/Academic Medical Centre (EKZ/AMC). All five-year CCS were invited 

for regular screening according to standardized follow-up protocols adapted to 

the patient’s previous treatment modalities. The patient data are recorded in 

a hospital database, including information on patient demography, diagnosis, 

therapy and outcomes.14

To be eligible for inclusion in this study, survivors had to match the following 

inclusion criteria: 1) diagnosed and treated for childhood cancer in EKZ/AMC 

between 1966 and 2003; 2) survived ≥5 years after diagnosis; 3) aged ≥18 years 

Table 1. Categorization of drugs administered 
for anti-cancer treatment in the cohort

Alkylating agents Busulfan
Carmustine
Cyclophosphamide
Chlorambucil
Mechlorethamine
Dacarbazine
Ifosfamide
Lomustine
Melfalan
Procarbazine
Temozolomide

Anti-metabolites Cytarabine
Cladribine
Methotrexate
Mercaptopurine
Thioguanine

Anti-mitotic 
cytostatics

5-fluorouracil
Vinblastine
Vincristine
Vindesine

Anthracyclines Daunorubicin
Doxorubicin
Epirubicin
Idarubicin
Mitoxantrone

Other antitumor 
antibiotics

Bleomycin
Dactinomycin

Steroids Dexamethasone
Prednisolone
Prednisone

Other anti-cancer 
drugs

Amsacrine
Asparaginase
Carboplatin
Cisplatin
Etoposide
Interferon α
Teniposide
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in March 2008, 4) visited the outpatient clinic at least once. If no valid height 

measurement of the first outpatient clinic visit in adulthood was available, the 

survivor was excluded from the analyses. Survivors with syndromes known 

to affect growth and survivors who received growth inhibition treatment were 

excluded due to deviating growth curves and different reference ranges. Height 

at diagnosis was noted as missing when the measurement was taken more than 

six months after the date of diagnosis. For infants younger than one year a one-

month time span was used due to faster growth rates at this age. 

Chemotherapy used during childhood cancer treatment was divided into 

groups according to mode of action (Table 1). Radiotherapy fields and doses 

were classified into the cranial, spinal, and abdominal region or as total body 

irradiation (TBI) We converted the physical radiation dose into the equivalent 

dose in 2-Gy fractions (EQD2). The EQD2 includes both total dose and fraction size 

and is convenient to evaluate late effects, since fraction size also determines 

late effects (see also Table 3).15 Survivors could have been irradiated on more 

than one region.

Outcome measurements
Final height was defined as the first height measurement in our outpatient 

clinic at a minimal age of 18 years. Final height was available from the electronic 

medical record, height at diagnosis was recovered from initial patient records. 

Height standard deviation scores (SDS) were calculated with two reference 

standards based on the normal population from two different decades, to correct 

for secular growth changes in the Netherlands.16–18 All SDS were calculated to 

correct for age and sex. Short stature was defined as a final height below -2SD. 

Growth hormone deficiency was defined as having received growth hormone 

treatment after completion of cancer treatment.

Statistics
Descriptive statistics are presented as mean (SD) for normally distributed variables 

or median (minimum-maximum) for variables without a normal distribution. To 
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test whether the SDS of our population differed from the normal population one-

sample T-tests were used. The difference between height SDS at diagnosis and 

height SDS at follow-up was tested with paired T-tests. 

To model the effect of potential risk factors on height SDS at follow-up, we built a 

multivariable linear regression model that included age at diagnosis and height 

SDS at diagnosis as continuous variables, and treatment with all chemotherapy 

subgroups,  cranial, spinal, abdominal irradiation and TBI as dichotomous 

variables. In the second model, we investigated the effect of radiation dose by 

replacing the dichotomous radiotherapy variables with the EQD2 per treatment 

localization. In addition, we built two multivariable logistic regression models 

evaluating survivors with short stature (height SDS ≤-2) and/or GH deficiency 

versus survivors with a normal height SDS (>-2SD), evaluating the same risk 

factors as in the linear regression models. In all analyses all possible predictors 

were entered at once in the model. Analyses were performed using R 2.12.0 (R 

Foundation for Statistical Computing, Vienna, Austria). 

Figure 1. Cohort composition
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Results

Study population and baseline characteristics 
Of the original cohort of 1881 survivors, 1219 (64.8%) survivors visited the 

outpatient clinic at least once. Of these 1219 survivors, 9 (0.7%) had Down-

, Marfan- or Rothmund Thomson syndrome and were excluded due to the 

syndrome’s influence on final height. Of the remaining 1210 survivors, 133 (11.0%) 

were excluded due to a missing adult height measurement and another 504 

were excluded due to a missing height measurement at diagnosis. From 573 

survivors data of height at diagnosis of the malignancy and at follow-up could 

be retrieved and these were hence included in this study. Figure 1 shows the 

cohort composition.

Table 2. Characteristics of included and excluded 5-year cancer survivors

Characteristic

Survivors with height 
measurement at 
diagnosis
 (N = 573)
N (%)

Survivors without 
height measurement 
at diagnosis
 (N = 504)
N (%)

Survivors without 
adult height 
measurement
(N = 133)
N (%)

Sex  

Male 323 (56.4%) 259 (51.4%) 62 (46.6%)

Female 250 (43.6%) 245 (48.6%) 71 (53.4%)

Age at diagnosis

0 < 5 years 207 (36.1%) 181 (35.9%) 70 (52.6%)

5 < 10 years 154 (26.9%) 142 (28.2%) 41 (30.8%)

10 < 15 years 168 (29.3%) 143 (28.4%) 18 (13.5%)

15 < 18 years 44 (7.7%^) 38 (7.5%) 4 (3.0%)

Age at final height measurement

18 < 20 years 269 (46.9%) 128 (25.4%) N/A

20 < 30 years 249 (43.5%) 264 (52.4%) N/A

30 < 40 years 48 (8.4%) 102 (20.2%) N/A

≥ 40 years 7 (1.2%) 10 (2.0%) N/A

Radiotherapy

Cranial only 78 (13.6%) 84 (16.7%) 13 (9.8%)

Spinal only 37 (6.5%) 42 (8.3%) 5 (3.8%)

Abdominal only 37 (6.5%) 48 (9.5%) 6 (4.5%)

Lower extremities only 0 (0.0%) 2 (0.4%) 0 (0.0%)
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Table 2. Characteristics of included and excluded 5-year cancer survivors

Characteristic

Survivors with height 
measurement at 
diagnosis
 (N = 573)
N (%)

Survivors without 
height measurement 
at diagnosis
 (N = 504)
N (%)

Survivors without 
adult height 
measurement
(N = 133)
N (%)

TBI only 13 (2.3%) 2 (0.4%) 2 (1.5%)

Cranial and spinal combined 22 (3.8%) 47 (9.3%) 1 (0.8%)

Other combinations 10 (1.7%) 15 (3.0%) 7 (5.2%)

None 376 (65.6%) 264 (52.3%) 99 (74.4%)

Age at diagnosis (in years)

Median 7.6 7.5 4.9

Range 0.0 – 17.8 0.0 – 17.3 0.0 – 16.4

Age at final height measurement (in years)

Median 20.3 23.5 N/A

Range 18.0 - 44.7 18.0-46.7 N/A

Follow-up duration (in years)

Median 14.5 17.0 16.6

Range 5.0-32.5 5.0-36.1 8.2 – 45.0

Of 1219 survivors, 1077 fulfilled the original inclusion criteria. We could not retrieve the height at diagnosis of 504 survivors 
and had no information on adult height of 133 survivors. Abbreviations: TBI: total body irradiation. N/A: Not applicable.

Table 2 shows the baseline characteristics for the survivors with and without a 

height measurement at diagnosis, as well as survivors without an adult height 

measurement . Survivors of whom height at diagnosis could not be retrieved 

were older at follow-up, but not at time of diagnosis, indicating a longer follow-

up time. The majority of the 573 survivors were born between 1980 and 1990 

(n=289; 50.4%). Many survivors were under the age of 5 years at diagnosis 

(n=207; 36.1%). Median age at diagnosis was 7.6 years, median age at final 

height measurement 21.6 years and median duration of follow-up 14.5 years. 

We succeeded in calculating the EQD2 for 190 of the 197 survivors (96.4%) who 

received radiotherapy as part of their treatment (Table 3). 
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Table 3. Cumulative radiation doses in EQD2
*

Field Median dose (in Gy) Range N available N missing

Cranial RT† 24.8 16.2-247.5 98 5

Spinal RT 30.0 4.0-60.0 64 3

Abdominal RT 28.7 12.6-60.0 39 5

TBI 15.8 13.5-21.6 12 3

Survivors could be irradiated on more than 1 field.
* The EQD2 was calculated using the formula EQD2 = D * (d+α/ß)/(2+α/ß). The total dose D is the number of fractions 
multiplied by the fraction size d. The α/ß ratio originates from the linear quadratic model; its value depends on the tissue 
under consideration. We used an α/ß ratio of 3 Gray (Gy) for late responding tissues. The EQD2 for the cranial region only 
included boost doses when the pituitary gland was in the field. The EQD2 for the spinal and abdominal region includes boost 
doses under the condition that the spine was in the booster field. The EQD2 for the cranial region only includes boost doses 
when the pituitary gland was in the field.
† Four patients received orbital brachytherapy. Calculation of the EQD2-dose for orbital brachytherapy was performed using 
the formula EQD2 = D*(d*g+α/ß)/(2+α/ß), where D is the total dose (dose rate*exposure time) and d equals D in case of 
continuous single exposures. The repair factor g has to be calculated: g = 2*[μ*t – 1 + exp(-μ*t)]/( μ*t)2 where t is the exposure 
time and μ includes the repair half time T½: μ = loge2/T½. For late responding tissue the T½ is estimated at 3.5 hours.[15,31]

Abbreviations: EQD2: equivalent dose in 2-Gray fractions. Gy: Gray; RT: radiotherapy; TBI: total body irradiation.

Height SDS at diagnosis and final height SDS after 
treatment for childhood cancer
Overall, survivors had a significant reduced final height at follow-up (mean loss of 

height SDS: -0.29; P<0.001). Fifty one survivors (8.9 %) had short stature at final 

height, defined as final height ≤-2 SDS. Table 4 shows height SDS at diagnosis 

and at follow-up in relation to the different tumour types and treatment groups. 

Overall, survivors were not significantly smaller than the general population at 

diagnosis of their malignancy (mean height SDS: 0.02; P=0.760).

At follow-up, however, survivors treated for leukaemia, CNS tumours and solid 

tumours had a significantly reduced final height SDS in comparison to height SDS 

at diagnosis. Also, final height SDS was significantly reduced when compared to 

the height SDS of the Dutch reference population. Survivors of lymphoma had 

reduced final heights compared to height at diagnosis (P=0.009), but normal 

final heights compared to the Dutch population (P=0.093). Survivors treated 

without radiotherapy had, on average, a normal final height SDS (mean height 

SDS: 0.00; P=0.986). 
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In total, 33 survivors were receiving GH treatment at the moment of final height 

measurement. Twenty seven of these (82%) were treated with radiotherapy 

to the cranial region. Of these 33, 13 had a final height ≤-2 SDS despite GH 

treatment (mean height SDS: -2.67). The other 20 survivors treated with GH did 

reach a normal final height (mean height SDS: -0.04). 

Table 4. Mean height at SDS diagnosis compared to mean height SDS at follow-up per tumour and treatment type (n = 573)

 N
Height SDS 
diagnosis P value*

Height SDS 
follow-up P value*

P value 
height SDS 
diagnosis vs. height 
SDS follow-up†

Tumour type

   Leukaemia (ALL/non-ALL/AML) 152 0.06 0.503 -0.33 0.002 <0.001

   Lymphoma 114 0.11 0.375 -0.20 0.093 0.009

   CNS tumour 51 0.19 0.141 -0.42 0.011 <0.001

   Solid tumour 254 -0.10 0.202 -0.28 <0.001 0.023

   Other tumour 2 0.70 0.371 2.00 0.231 0.144

Chemotherapy‡

   Alkylating agents 324 0.01 0.926 -0.29 <0.001 <0.001

   Antimitotic cytostatics 477 0.05 0.323 -0.29 <0.001 <0.001

   Anthracyclines 263 0.05 0.504 -0.32 <0.001 <0.001

   Other antitumor antibiotics 248 0.01 0.858 -0.17 0.021 0.005

   Steroids 292 0.12 0.096 -0.33 <0.001 <0.001

   Chemotherapy other 252 0.10 0.192 -0.45 <0.001 <0.001

   Chemotherapy (all) without 
any radiotherapy 348 -0.00 0.961 -0.03 0.605 0.672

   Chemotherapy (all) with any 
radiotherapy 214 -0.04 0.679 -0.66 <0.001 <0.001

Radiotherapy ‡

   Cranial 103 0.16 0.175 -1.03 <0.001 <0.001

   Cranial/spinal 22 0.20 0.454 -1.37 <0.001 <0.001

   Spinal 67 -0.04 0.685 -0.75 <0.001 <0.001

   Abdominal 44 -0.08 0.572 -0.35 0.019 0.066

   TBI 15 0.01 0.957 -1.56 0.001 <0.001

   None 376 0.01 0.919 0.00 0.986 0.964

All survivors 573 0.02 0.760 -0.27 <0.001 <0.001

*: P value for the difference with the normal Dutch population with a mean SDS of 0.0 by definition (one-sample T-test). 
†: P value for the difference between the SDS at diagnosis and the SDS at follow-up (paired T-test). 
‡: survivors can be included in more than one treatment group.
Abbreviations: SDS: standard deviation score; ALL: acute lymphoblastic leukaemia; AML: acute myeloid leukaemia; CNS: central 
nervous system; TBI: total body irradiation.
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Multivariable risk factor analysis 
In order to assess the influence of different determinants on final height SDS, 

multivariable linear and logistic regression analyses were performed. Linear 

regression analysis showed that age at diagnosis, height SDS at diagnosis, 

treatment with cranial irradiation, spinal irradiation and/or TBI, use of 

anthracyclines and use of other chemotherapeutics all significantly contributed 

to final height SDS (Table 5). Cranial radiotherapy and TBI had the highest impact 

Table 5. Multivariable linear regression analyses of determinants for final height SDS

Model 1 Model 2

Determinant B (95%-C.I.) P-value B (95%-C.I.) P-value

Age at diagnosis (in years) 0.02 (0.00 – 0.04) 0.020 0.027 0.008 – 0.046 0.007

Height SDS at diagnosis 0.55 (0.48 – 0.62) <0.001 0.547 0.476 – 0.618 <0.001

Chemotherapeutic agents:

Alkylating agents 0.02 (-0.19 – 0.22) 0.880 0.010 -0.203 – 0.222 0.929

Anti-metabolites 0.15 (-0.15 – 0.45) 0.330 -0.051 -0.364 – 0.262 0.750

Anti-mitotic cytostatics -0.20 (-0.49 – 0.09) 0.182 -0.134 -0.441 – 0.172 0.389

Anthracyclines -0.21
(-0.41 – 
-0.01) 0.043 -0.152 -0.361 – 0.057 0.154

Other antitumor antibiotics 0.02 (-0.21 – 0.25) 0.858 0.029 -0.211 – 0.270 0.811

Steroids -0.03 (-0.29 – 0.22) 0.805 -0.064 -0.332 – 0.204 0.639

Other chemotherapeutic agents -0.27
(-0.48 – 
-0.07) 0.008 -0.295 -0.504 – -0.085 0.006

Radiotherapy:

Cranial -0.97
(-1.19 – 
-0.75) <0.001

Spinal -0.49
(-0.75 – 
-0.23) <0.001

Abdominal -0.26 (-0.58 – 0.05) 0.104

TBI -1.26
(-1.78 – 
-0.75) <0.001

Radiotherapy: EQD2 (per Gy)

Cranial -0.011 -0.016 – -0.007 <0.001

Spinal -0.021 -0.030 – -0.013 <0.001

Abdominal -0.013 -0.024 – -0.002 0.019

TBI -0.054 -0.088 – -0.020 0.002

In both models all variables were entered at once into the regression model. Model 1 included radiotherapy treatment as 
dichotomous yes/no variables, model 2 included radiation dose (i.e. EQD2) as continuous variables.
Abbreviations: SDS: standard deviation score; CI: confidence interval; EQD2: equivalent dose in 2-Gy fractions; Gy: Gray; TBI: 
total body irradiation.
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on final height SDS, lowering final height with -0.86 and -1.06 SDS, respectively. 

Furthermore, model 2 shows that higher radiation doses, regardless of field, 

significantly reduce the final height SDS.

Logistic regression was done to determine risk factors for having a final height 

SDS below -2 SD and/or receiving treatment with growth hormone (N=71, 

12.4%). Model 1 of Table 6 shows that cranial irradiation (odds ratio (OR): 13.62; 

P<0.001), spinal irradiation (OR: 5.74; P<0.001) and TBI (OR: 28.36; P<0.001) were 

the significant treatment-related risk factors and that a higher height SDS at 

diagnosis reduces the risk for a reduced final height (OR: 0.4; P<0.001). Model 

2 shows that higher cranial and spinal radiotherapy doses, as well as higher 

TBI doses, correspond with a higher risk of short stature and/or receiving GH 

treatment.

Discussion

In this large cohort of adult CCS with heights measured at time of diagnosis and 

at final height (n=573), nearly 10 per cent had significant and clinical relevant 

reduced final height (height SDS ≤-2). Furthermore, on average, all children had 

significant height loss compared to their height at diagnosis. We demonstrated 

that height at diagnosis was a major determinant for final height; the taller the 

child at diagnosis, the taller the survivor after treatment for childhood cancer. 

Additionally, we confirmed that cranial and spinal irradiation, TBI and younger 

age at diagnosis contribute negatively to final height. We also established 

significant dose-response relationships between the cumulative EQD2 and the 

final height SDS and short stature.

The normal height SDS at initial diagnosis of malignancy was an important finding: 

children presenting with malignant disease have no loss of height, regardless of 

the type of tumour. This is in contrast to the findings of van Waas et al., who 

noted that the height at diagnosis of NHL patients was already significantly 

lower in comparison to healthy controls and that height SDS remained lower 

throughout follow-up.13 Apparently, the metabolic and endocrine state of the 
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child diagnosed with cancer is comparable to the general population in respect 

to linear growth. This clearly changed during treatment, resulting in a reduced 

final height in almost 10% of young adults with a history of childhood cancer.

We found that children who had a shorter stature at diagnosis were at increased 

risk to have a reduced final height at follow-up. This is in conflict with the results 

of Talvensaari, who described in a small cohort (n=51) that children with the 

tallest height at diagnosis were most at risk to have an impaired growth after 

treatment for childhood cancer.12 Our findings may be explained by genetic and 

Table 6. Multivariable logistic regression analyses of determinants associated with short stature and/or growth hormone 
treatment

Model 1 Model 2

Determinant Odds ratio (95%-C.I.) P-value Odds ratio (95%-C.I.) P-value

Age at diagnosis (in years) 0.92 (0.86-1.00) 0.031 0.993 0.987 – 0.999 0.014

Height SDS at diagnosis 0.41 (0.31-0.54) <0.001 0.936 0.916 – 0.956 <0.001

Chemotherapeutic agents:

Alkylating agents 1.18 (0.53-2.61) 0.690 1.037 0.972 – 1.106 0.269

Anti-metabolites 0.80 (0.26-2.45) 0.687 1.051 0.956 – 1.156 0.301

Anti-mitotic cytostatics 0.54 (0.18-1.62) 0.264 0.927 0.845 – 1.018 0.111

Anthracyclines 0.87 (0.38-1.96) 0.744 0.970 0.911 – 1.034 0.351

Other antitumor antibiotics 1.43 (0.55-3.71) 0.462 0.998 0.928 – 1.073 0.957

Steroids 2.41 (0.88-6.56) 0.084 1.050 0.949 – 1.077 0.234

Other chemotherapeutic agents 1.25 (0.58-2.75) 0.570 1.011 0.949 – 1.077 0.738

Radiotherapy:

Cranial 13.62 (6.66-29.28) <0.001

Spinal 5.74 (2.42-13.88) <0.001

Abdominal 0.44 (0.06-2.07) 0.359

TBI 28.36 (6.78-125.51) <0.001

Radiotherapy: EQD2 (per Gy)

Cranial 1.004 1.002 – 1.005 <0.001

Spinal 1.006 1.004 – 1.009 <0.001

Abdominal 1.000 0.996 – 1.003 0.838

TBI 1.014 1.004 – 1.025 0.006

Short stature was defined as having a height SDS at follow-up of -2 SDS or lower. The analyses were based on 71 cases with 
either short stature or with growth hormone treatment at follow-up versus the 502 other survivors. In both models all 
variables were entered at once into the regression model. Model 1 included radiotherapy treatment as dichotomous yes/no 
variables, model 2 included radiation dose (i.e. EQD2) as continuous variables.
Abbreviations: SDS: standard deviation score; CI: confidence interval; EQD2: equivalent dose in 2-Gy fractions; Gy: Gray; TBI: 
total body irradiation.
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racial constitution: Visscher et al. estimated the proportion of variance in height 

due to genetic variation at 80%.19–21 Ideally, one would control for these factors 

with parental height data to calculate target height SDS and with patient race, 

but these were not recorded in our database. This is a limitation of our study. 

Using height SDS at diagnosis, however, gives in our opinion a reliable estimate 

of the genetic predisposition for target height. 

Overall, survivors had a reduced final height (mean loss of height SDS: -0.27; 

P<0.001), but it may be discussed whether this is clinically relevant. More 

important are the subgroups with a significant risk for short stature, namely 

survivors treated with cranial and/or spinal irradiation or with TBI. For these 

survivors height reduction may lead to impaired quality of life. 

Spinal irradiation leads to growth reduction due to the direct skeletal damage in 

the spinal column. Xu et al. showed that younger age at radiation and the radiation 

dose both influence the effect of radiation on the spine,22 so these two factors 

should be taken into consideration during the development of new treatment and 

follow-up protocols. Cranial irradiation may reduce final height through damage 

of the hypothalamo-pituitary axis, which can result in growth hormone deficiency 

(GHD), central precocious puberty or other endocrinopathies.23 GHD is diagnosed 

in 29.0-39.1% of survivors who have been cranially irradiated during childhood.9 

Precocious puberty can negatively influence final height by limiting the duration 

of the pubertal growth spurt and premature closure of the epiphyseal growth 

plates. Prompt diagnosis of GHD and early recognition of precocious puberty 

may improve final height by early GH treatment and if necessary treatment with 

gonadotropin-releasing analogues.11 

We could not assess onset of puberty or the exact time of start of GH treatment 

for the survivors in our study. The relation between onset of puberty and final 

height was however previously studied by Noorda et al. who found significantly 

earlier menarche in 124 girls after cranial irradiation.4 Groot-Loonen et al. also 

described an earlier onset of puberty and menarche and shorter duration of 

the pubertal growth spurt in children treated for acute lymphoblastic leukaemia 

(ALL), resulting in a shorter than expected final height.24



Final height in survivors of childhood cancer compared to height standard deviation scores at diagnosis | 181

There is still much debate on the effects of chemotherapy on final height.11 

It has been suggested that growth is more severely affected in children who 

have had both chemotherapy and radiation treatment.25 Also Ogilvy-Stuart and 

Shalet showed a profound effect of chemotherapy on final height.26,27 Temporary 

height loss was described in children with ALL who did not receive radiotherapy, 

but these patients attained normal adult heights thanks to sufficient catch-up 

growth.28 In our linear regression analyses, treatment with anthracyclines or 

with other chemotherapeutic agents lowered final height significantly (Table 5). 

We could not confirm these effect in the logistic regression analyses, probably 

because these agents do not result in GHD and do not result in final height ≤-2 

SDS . It is unclear what the pathophysiological mechanism is for anthracyclines 

on height reduction, but they have previously been related to the development 

of underweight.29,30 It may be hypothesized that CCS with underweight lose 

height due to malnutrition and low IGF-1 levels. Additional studies are warranted 

into the effects of chemotherapy and linear growth. 

Strengths of our study include the size of our cohort, including all types of 

tumours, the completeness of both treatment and follow-up data and the 

inclusion of pre-treatment height measurements as an important determinant 

in the regression models. The inclusion of pre-treatment data is not often done, 

but is essential for a correct interpretation of tumour- and treatment-related late 

effects in CCS. Only when follow-up patient characteristics are compared to the 

characteristics of the patient at time of diagnosis, causality between the tumour 

and its treatment and a specific late effect can be studied and pre- or coexisting 

conditions can be ruled out.

Weaknesses of our study are the lack of data concerning onset of puberty, 

parental heights, race and the high percentage of missing data regarding height 

at diagnosis. This may have introduced an information bias, as normal heights 

may not have been recorded as much as abnormal values. However, the groups 

with and without a measurement at diagnosis proved to be comparable on 

almost all parameters. Due to the retrospective nature of data collection, we 

cannot exclude that some height measurements at diagnosis were taken while 
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the patient was stretched due to serious illness. We also were not able to take 

the Tanner stages of survivors into consideration, which may have led to an 

underestimation of the final height SDS’s, as a small percentage of the younger 

survivors may not have reached final height at age 18 yet. 

Future prospective studies should focus on early diagnostics of GH deficiency 

and the exact effect of GH treatment on growth velocities in the different 

subgroups of CCS. In the current study, we assumed that the treating physician 

adequately evaluated the presence of GHD and timely started treatment with 

GH, but we did not have the exact information on the doses and duration of 

GH treatment. Additionally, adding delta arm length (D-SDS arm) to total body 

height and sitting/height ratio may be interesting in the future to validate catch-

up growth after cranial versus spinal radiation therapy. 

In conclusion, the majority of children treated for cancer have a significantly 

reduced final height SDS compared to height SDS at diagnosis and almost 

10% have a clinically significant lower final height (≤-2 SDS). Final height SDS 

is largely determined by height SDS at diagnosis, but increased risk to develop 

short stature is present after treatment with spinal and/or cranial irradiation and 

TBI. Furthermore, a dose-response relationship exists between the cumulative 

EQD2 and the final height SDS. The exact effect of anthracyclines on height in 

CCS must be further evaluated. All children, especially those with a small target 

height SDS, treated with one of these three modalities should be monitored 

periodically for growth velocity, body weight, the development of GHD and the 

onset of puberty, for timely intervention to improve final height. 
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