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Chapterr 5 

Abstrac t t 
Purpose:: To evaluate the prevalence of abnormalities of rib development in normal 

Caucasiann children and patients with childhood cancer-

Materialss and methods: Chest radiographs of 881 Caucasian pediatric controls and 906 

childhoodd cancer patients were reviewed, and independently scored by four blinded 

observers,, using strict definitions. Prevalences of 6 major rib anomaly categories in controls 

weree compared to their prevalence in the total group of childhood cancer patients, and 

thee 12 individual larger tumor groups using Chi-square tests. 

Results:: Values in the control population were generated for the occurrence of six 

majorr rib anomaly categories; cervical rib anomalies were present in 6 .1% of controls, 

aplasiaa of 12 lh ribs in 6.6%, lumbar ribs in 0.9%, bifurcations in 0.7%, synostosis-bndging 

inn 0.3%, and segmentations were not found. The overall prevalence of total rib anomalies 

inn cases and controls was equal (14.9% and 14.2%, respectively). Cervical rib anomalies 

weree found significantly more often in cases (8.6%) compared to controls (p-value=0.047), 

threee groups accounting for this higher prevalence: 12.1% of acute lymphoblastic 

leukemiaa patients (p=0.011), 18.2% of astrocytoma patients (p=0.023), and 14.7% of 

germm cell tumor patients (p=0.046) had a cervical rib anomaly. 

Conclusion:: Prevalence figures for the presence and type of rib anomalies in a large 

groupp of normal Caucasian children were generated. In childhood cancer patients a 

significantlyy higher prevalence of cervical rib anomalies was demonstrated in patients 

withh acute lymphoblastic leukemia, astrocytoma, and germ cell tumors. 
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Ribb anomalies in childhood cancer patients 

Introductio n n 
Tumorr predisposition syndromes might account for a larger percentage of childhood cancers than is 

currentlyy estimated. In such syndromes, like Down syndrome and Beckwith-Wiedemann syndrome, 

thee same constitutional genetic defects lead prenatally to an abnormal clinical phenotype of the 

individuall patient, while postnatally they may lead to abnormal cellular proliferation, predisposing 

thee individual for cancer development u . 

Recentlyy a large population of childhood cancer patients was submitted to a detailed clinical morphological 

examination,, showing childhood cancer patients to have a strikingly high prevalence of phenotypic 

abnormalities,, such as supernumerary nipples, café-au-lait spots, abnormal palmar flexion creases, and 

legg length asymmetry (Merks et al, submitted). We reasoned that not only phenotypic abnormalities 

detectablee by clinical examination, but also skeletal anomalies can provide clues for underlying 

constitutionall defects, as has been shown in several conditions 3. Gorlin syndrome can serve as an 

example,, constitutional mutations in the causative Patched-gene leading prenatally to formation of 

specificc phenotypic abnormalities, including skeletal anomalies (calcification of the falx cerebri, jaw 

cysts,, bifid ribs, and vertebral anomalies)4. Postnatally, the same Patched mutations result in abnormal 

cellularr proliferation predisposing the affected individual for basal cell carcinoma B, and several other 

childhoodd cancers, such as rhabdomyosarcoma 6 and medulloblastoma 7. 

Inn children with cancer different radiological techniques are used to establish the diagnosis, the 

extentt of the cancer, or to detect possible complications. These radiological studies can also be 

usedd to search for findings that are not directly related to the primary diagnosis, and may provide 

cluess for the etiology of the tumor. Most children with cancer undergo a chest radiograph as part 

off their oncological work-up, which makes these available for reviewing. Schumacher and co-

workerss earlier reported a higher prevalence of rib anomalies in childhood cancer patients, compared 

too a small group of pediatric controls 8. They were able to review a large number of childhood 

cancerr patient radiographs. However, several critical remarks can be made. First of all, definitions 

off the different rib anomalies were unclear. Furthermore nothing is mentioned about blinding of 

thee observers, 'lower thoracic border anomalies' were not scored, and the number of controls is 

low.. Therefore, we decided to firstly generate prevalence figures for the presence of rib anomalies 

onn chest radiographs in control children (normal values), and secondly to analyze chest radiographs 

off an equal large amount of childhood cancer patients, using a well defined terminology, and a 

strictt scoring methodology. 

Material ss  and method s 
Controls s 
Forr the control group we selected all chest radiographs made in children (age 0 - 1 8 years) at our 

hospitall between January 1, 1992 and September 31, 2002 (flow-chart: figure 1). In order to prevent 

thee inclusion of unusual and selected patients referred to our tertiary center, we selected from the 
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Cases: : 
-- Late Effects Clinic 
-- Newly diagnosed 
Total ::  906 cases 

(n=582) ) 
(n=324) ) 

Controls : : 
-- Pediatric chest radiographs 1992 2002 
-- Ordered by defined group of physicians 
-- Normal radiographs 
17,2455 control radiographs 

I I 
Exclusion : : 

Inclusion : : 

-- cases with > 1 X-ray (14,319) 
-- non-Ca ucasian names (1,519) 
-- abnormal findings (361) 
-- technical failures (46) 
-- untraceable (119) 
8811 control s 

1 _ ^ E E 
Randomm mix of radiographs of cases and controls 

n== 1,787 
withh blocking of identity 

I I 
Independen tt  and blinde d revie w of all radiograph s 

byy 2 independen t observer s 
(predefinedd criteria; figure 2) 

I I 
3999 radiographs scored positive 

Centra ll  revie w by all 4 observers : 
2600 radiograph s remaine d positiv e 

Figur ee 1 . Selectio n an d work-u p of cas e an d contro l ches t radiographs . 

totall radiographs only those that were ordered by general practitioners, the general pediatricians at 

thee outpatient ward of our hospital, and physicians at the emergency department. In order to 

preventt recognition of controls by the observers, we selected for patients with asthma or infectious 

diseasess without other major pulmonary or cardiac abnormalities on their radiographs, by searching 

alll radiology reports for the words: 'asthma', 'bronchitis', 'airway', 'COPD' (in former times commonly 

usedd in the Netherlands as a general term for asthma and bronchitis), 'no', or 'clear'. The words 'no' 

andd 'clear' were selected for they were found to be most specific in describing normal chest radiographs 

inn radiology reports. Using the above selection criteria 17,245 chest radiographs were selected. 

Subsequentlyy all patients with more than one radiograph (either chest radiographs or other imaging 

studies,, n= 14,319) were excluded, again to prevent the inclusion of unusual and selected patients. 

Itt is well known that phenotypic characteristics vary considerably depending on ethnic background 9. 

Indeedd several larger studies on phenotypic characteristics focused on single ethnic groups 1012. 
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Ribb anomalies in childhood cancer patients 

Althoughh never specifically investigated it is very likely that the same differences hold for abnormalities 

involvingg ribs. Differences found in prevalence figures for rib anomalies among subjects from different 

Europeann countries are in concert with this assumption 1B. Registration of ethnicity is not allowed in 

thee Netherlands, so this information was not available. Therefore, to prevent a large disturbance by 

thee ethnic background, we excluded all patients with clearly non-Caucasian names (n=1,519). All 

namess were independently reviewed by two observers; all Western-European names were included, 

whilee all names with clearly another background, for example African and Asian, were excluded. In 

casee of doubt the patient was excluded. 

Subsequently,, the radiology reports were again screened, but this time for describing abnormalities 

otherr than rib anomalies (e.g. cardiomegaly, or signs of previous surgery), excluding 361 radiographs. 

AA further 119 radiographs were untraceable, and 46 radiographs could not be evaluated because of 

technicall reasons: radiographs were only included if all ribs were visible, the vertebral column was 

depictedd from at least C6 until L I , and radiographic techniques were adequate. This way a total of 

8811 chest radiographs of normal pediatric controls remained available. 

Too check whether this strategy was correct, diagnoses of 200 randomly selected controls were retrieved 

fromm their patient charts. Of the 200 patients 35 were referred by their general practitioner for a 

radiographh only, and never had a chart; diagnoses of the other 165 controls are listed in table 1. 

Tablee 1. Diagnose s of 165 controls . 

Diagnosi ss  Number of cases 

Airwayy infection or persistent coughing 33 
Asthmaa - atopy 44 
Tonsillitiss - adenoiditis 8 
Traumaa 7 
Cardiacc murmur 10 
Gastro-entericc problems 10 
Malaisee 5 
Lymphadenopathyy 6 
Infectionn (other than airway) 16 
Prematurityy 1 
Downn syndrome 1 
Otherr 21 
Unknownn 3 
Totall 165 

Cases s 
Wee reviewed chest radiographs of two patient cohorts: the first cohort consisted of all Caucasian 

patientss who visited the clinic for Late Effects of Childhood Cancer at our center. This outpatient 

clinicc follows all persons treated as a child for cancer and in complete remission for at least five years. 

Thee second cohort consisted of all Caucasian children newly diagnosed with malignancies at our 

centerr between January 1, 1998 and December 31, 2002. All available chest radiographs of these 

patientss were retrieved. If more than one chest radiographs of a patient were available, the first 

radiographh taken at diagnosis was selected for review. In total, 906 chest radiographs were reviewed, 
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5822 from the Late Effects Clinic, and 324 from newly diagnosed patients. Permission for the study 

wass obtained from the Medical Ethical Committee of our hospital. 

Definitions s 
Definitionss of rib anomalies were based on two major reference studies 1314, and a reference chart 

wass developed depicting schematically all possible rib anomalies that can be scored on a chest 

radiographh (figure 2). Only aplasia of 12th ribs and presence of lumbar ribs were not depicted, as 

thesee anomalies needed no further clarification. Six major groups of rib anomalies were defined: 1. 

Cervicall anomalies, including Transverse Apophysomegalies (TA) and true Cervical Ribs <CR), 2. Aplasia 

off the 12th ribs (AT), 3. Lumbar ribs (LR), 4. Bifid ribs or bifurcations, 5. Synostosis or bridging of ribs, 

andd 6. Segmentations. TA of C7 were diagnosed if the processus transversus of C7 extended more 

laterallyy than the processus transversus of T1 on a radiograph with the head of the patient not 

turnedd sideward. CR were registered only if also an articulation was visible (figure 2), the same 

principlee applying for LR. Representative radiographs from the present study showing the major 

anomaliess are shown in figure 3. 

Radiologicc Techniques 
Ass this is a retrospective study chest radiographs from different clinical settings were used. Therefore 

aa mix of radiographic techniques ranging from AP bed radiographs to upright PA chest radiographs 

wass available for review. Digital radiography was only introduced as the standard method for children 

att our center in 2002. In order to limit the influence of digital radiography, i.e. the possibility to 

changee window and level width on the screening console, digital radiographs were evaluated from 

hardd copy. 

Reviewingg Radiographs 
Chestt radiographs from cases and controls were randomly mixed, and any patient identity information 

visiblee on the radiographs was blocked, in order to prevent recognition (Figure 1). The panel of 

observerss consisted of two pediatric radiologists, a musculoskeletal radiologist and a pediatrician-

clinicall geneticist, all skilled in evaluating skeletal anomalies. Each radiograph was independently 

reviewedd by two of these observers, each working independently from one another. Radiographs 

whichh were scored as abnormal by one or both observers, were selected for central review by all four 

observers.. Those anomalies which all reviewers agreed on, were scored definitively as such. If the 

panell remained in doubt about a finding, this finding was not scored. 

Thee interobserver variation for the different rib anomalies, and different observer teams was calculated. 

Too evaluate the influence of visible tumors, central venous lines, signs of surgery, or other signs 

indicatingg the patient's clinical background on the reviewing process, these possible clues were 

registeredd by the observers. 
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Partt  I: Cervica l anomalie s 

Partt  II: Synostosi s and Bridgin g 

Partt  III: Bifurcatio n 

Partt  IV: Segmentatio n 

Figur ee 2. Referenc e char t of all rib anomalie s tha t can be score d on a ches t radiograph , adapted from 
Couryy and Delaporte 14. {Part I: Cervical anomalies a. transverse apophysomegaly, b. rudimentary cervical rib, c, 
d,, e, and g. cervical rib, f. cervical rib with synostosis to 1st rib, h. cervical rib with synostosis to 1st rib and 
articulation,, i. bi-segmented cervical rib; Part II: Synostosis and Bridging: a, b, c, d. anterior synostosis, e. 
deviationn and complete synostosis, f. deviation and synostosis with articulation, g. deviation and complete 
synostosis,, h. deviation and shoulder synostosis, i. shoulder bridging, j . bridging with articulation, k, I, m, n, p. 
bridging,, o. bridging and shoulder synostosis; Part III: Bifurcation: a. bifid rib with pseudo perforation, b. Y-
formedd bifurcation, c. shoulder bifurcation, d. U-formed bifurcation; Part IV: Segmentation: a. tri-segmentation, 
b,, c. bi-segmentation with articulation, d. interruption). 
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Figur ee 3. Representativ e radiograph s fro m the presen t stud y showin g the majo r anomalies . 
A.. Transverse apophysomegaly present bilateral onC7. Note the size of the transverse process C7 compared toT1. 
B.. Cervical rib (rights side) and rudimentary cervical rib (left side) present in one case. C. Aplasia of 12th ribs; only 11 
ribb pairs are present. D. Lumbar ribs, bilateral. E. Bifurcation at the anterior part of the fourth rib on the left side. F. 
Bridging-synostosiss of first and second ribs on the right side. G. Segmentation of the tenth rib on the left side. 
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Statistic s s 
Powerr calculations were used to determine the size of the study groups. A two group %2 test with a 

0.0500 two-sided significance level will have 80% power to detect the difference between a Group 1 

proportion,, p r of 0.005 and a Group 2 proportion, p2, of 0.02 (odds ratio of 4.061) when the 

samplee sizes are 861 and 861 respectively (a total sample size of 1,722). 

Prevalencess of the 6 major rib anomalies in the 12 larger tumor groups (n>20, table 3) were compared 

too controls using Chi-square tests (SPSS version 11.5, U.K. 2003). A difference was considered 

statisticallyy significant if the two-tailed p-value was <0.05. 

Result s s 
Male-femalee ratios for 881 pediatric controls and the 906 pediatric cancer patients were comparable 

(1.266 and 1.13, respectively). The mean age was 4.8 years for controls (standard deviation 4.9), and 

8.44 years for cases (standard deviation 6.6). 

Threee hundred ninety nine positively scored radiographs were centrally reviewed by all 4 observers 

reducingg the number of positively scored radiographs from 399 (216 cases and 183 controls) to 260. 

Inn total 270 rib anomalies were found on these 260 radiographs. Nine radiographs had a combination 

off cervical ribs, with aplasia of the 12th ribs, one of those also had a bifurcation. The various anomalies 

andd their frequencies are shown in table 2. The overall prevalence of rib anomalies in cases and 

controlss was equal: in 135 out of 906 cases (14.9%) and 125 out of 881 controls (14.2%) an 

anomalyy was found (table 2). Cervical anomalies were found significantly more frequent in the 

patientt group (p-value=0.047); 78 of 906 cases (8.6%) had a cervical anomaly versus 54 of 881 

controlss (6.1%). To analyze the nature of the tumor groups that accounted for this difference, the 

prevalencee of cervical anomalies was calculated for the 12 main tumor groups (n>20) (table 3). 

Tablee 2. Prevalenc e of 6 major rib anomal y categorie s in cases and control s 

Anomal y y 

1.. Cervical anomaly 
-Transversee apophysomegaty (la) 
-Cervicall rib 

-Rudimentaryy cervical rib (lb) 
-Cervicall rib (Ic-g) 

2.. Aplasia 12th ribs 
3.. Lumbar ribs 
4.. Bifurcation 

-Bifidd rib with pseudoperforation (Ilia) 
-Y-formedd bifurcation (Nib) 
-Shoulderr bifurcation (lllc) 

5.. Synostosis-Bridging 
-Synostosiss (Ha) 
-Synostosiss (lib) 
-Bridgingg (lim) 

6,, Segmentation 
-Bisegmentationn with articulation (IVb) 

Casess n=906 

78 8 
57 7 
21 1 

2 2 
19 9 
48 8 

8 8 
5 5 

5 5 
2 2 

(%) ) 

(8.6) ) 
(6.3) ) 
(2.3) ) 
(0.2) ) 
(2.1) ) 
(5.3) ) 
(09) ) 
(0.6) ) 

(0.2) ) 

(0.1) ) 

Control ss  n=881 

54 4 
34 4 
20 0 

7 7 
13 3 
58 8 
8 8 
6 6 
2 2 
1 1 
3 3 
3 3 
1 1 
1 1 

0 0 

(%) ) 

(6.1) ) 
(3.9) ) 
(2.2) ) 
(0.8) ) 
(1.4) ) 
(6.6) ) 
(0.9) ) 
(0.7) ) 

(0.3) ) 

0 0 

p-valu e e 

(X2) ) 

0.047 7 

NS S 
NS S 
NS S 

NS S 

NS S 
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Tablee 3. Prevalenc e of cervica l anomalie s in 12 large r tumo r group s compare d to thei r prevalenc e in 881 
controls . . 

Tumo r r 

Neuroblastoma a 
Germm cell tumor 
Rhabdomyosarcoma a 
Nephroblastoma a 
Osteosarcoma a 
Ewingg sarcoma 
Medulloblastoma a 
Astrocytoma a 
Hodgkinn Disease 
Acutee myeloid leukemia 
Acutee lymphoblastic leukemia 
Non-Hodgkinn lymphoma 
Otherr malignancies 
Total l 

Numbe rr  of patient s 

61 1 
34 4 
68 8 

133 3 
48 8 
39 9 
21 1 
22 2 
92 2 
26 6 

132 2 
106 6 
124 4 
906 6 

Frequenc y y 

6 6 
5 5 
5 5 

13 3 
3 3 
3 3 
2 2 
4 4 
5 5 
0 0 

16 6 
8 8 
8 8 

78 8 

(%) ) 

9.8 8 
14.7 7 
7.4 4 
9.8 8 
6.3 3 
77 7 
9.5 5 

18.2 2 
5.4 4 
0.0 0 

12.1 1 
7.5 5 
6.5 5 
8.6 6 

p-valu ee (x2) 

0.252 2 
0.046 6 
0.687 7 
0.115 5 
0.973 3 
0.692 2 
0.524 4 
0.023 3 
0.791 1 
0.193 3 
0.011 1 
0.570 0 
00 889 
0.047 7 

Threee groups showed a significantly higher prevalence of cervical anomalies compared to control 

patientss (6.1 %): Acute Lymphoblastic Leukemia (ALL) patients (12.1 %; p=0.011), Astrocytoma (AST) 

patientss (18.2%; p=0.023), and Germ Cell Tumor (GCT) patients (14.7%; p=0.046). No significant 

differencess were found for any of the other 5 categories of rib anomalies and the different tumor 

groups. . 

Ass all chest radiographs were evaluated independently by 2 observers (in different couples) the 

interobserverr variation was determined for the 6 major groups of rib anomalies in 1,787 radiographs. 

Adequatee kappa scores were found for cervical rib anomalies (0.46), synostosis and bridging (0.56) 

andd for segmentations (0.40). Less adequate kappa scores were registered for lumbar ribs (0.33), 

aplasiaa of 12 th ribs (0.32), and for bifurcations (0.34). Taking the low prevalence of the individual 

anomaliess into account, comparing them to the maximal possible value of kappa 15, revealed the 

followingg kappa scores: 0.50 for cervical rib anomalies, 0.80 for synostosis and bridging, 0.50 for 

Stud y y 

Steine rr  16 

Etter 17 7 

Sycamor ee 18 

Pionnie rr  13 

Schumache rr  s 

Thiss Stud y 

Popula t t 

38,105 5 
40,000 0 
2,000 0 
10,000 0 

200 0 
1,000 0 
881 1 
906 6 

ion n 

AC C 
AC C 
AC C 
AC C 
CC C 
PCP P 
CC C 
PCP P 

Casess wit h anomalie s 

(%) ) 

0.16 6 
1.36 6 
2.8 8 

5.72 2 
5.5 5 

21.8 8 
14.2 2 
14.9 9 

CA A 

(%) ) 

0.05 5 
0.17 7 
0.5 5 
2.34 4 
4.5 5 
20.4 4 
6.1 1 
8.6 6 

TA A 

(%) ) 

1.89 9 

3.9 9 
6.2 2 

CR R 

(%) ) 

0.05 5 
0.17 7 
0.5 5 

0.84 4 

2.2 2 
2.4 4 

LR R 

<%) ) 

0.04 4 

O.OO* * 

0.9 9 
0.9 9 

Tablee 4. Literatur e overvie w of prevalenc e of rib anomalie s in control s and pediatri c cancer patient s 
(CA:: Cervical Anomaly, TA: Transverse Apophysomegaly, CR: Cervical Rib, LR: Lumbar Rib, AT: Aplasia of Twelfth 
rib,, Bl: Bifurcation, B-S: Bridging-Synostosis, S: Segmentation, F: review focused on rib anomalies, D: definitions 
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segmentations,, 0.40 for lumbar ribs, 0.43 for aplasia of 12th ribs, and 0.38 for bifurcations. Kappa 

scoress for the different observer couples were very similar (data not shown). 

Cluess for radiographs to be of case or control origin were noted in 270 out of 906 case radiographs. 

Inn positively scored case radiographs (n=207) clues were reported in 70 subjects (33.8%), and in the 

6999 case radiographs without rib anomalies 200 clues (28.6%) were noted, the difference being not 

statisticallyy significant. 

Ass mean ages of cases and controls differed, and age might be of influence on the ability to recognize 

ribb anomalies because of different degrees of maturation, we evaluated the influence of age on the 

scoringg of rib anomalies. Mean ages of the total group of cases and controls, with and without 

anomalies,, were comparable (7.1 years and 6.5 years, respectively). 

Discussio n n 
Wee have generated normal values for rib anomalies in a large group of Caucasian control children 

(tablee 2). The overall prevalence of rib anomalies in the cohort of 881 pediatric controls was 14.2% 

(125/881),, which is higher than reported in the major reference adult control population (5.72%) 

fromm 1956 by Pionnier and Depraz 13 (table 4). As patients with asthma or atopic constitution 

accountt for a considerable portion of controls in our cohort (44/165, table 1), there might be a 

relationn between these conditions and the presence of rib anomalies. However, despite the fact that 

inn asthma patients radiography of the chest is often performed, a relation between asthma and rib 

anomaliess has never been reported (PubMed 1966-2004). Also in our own cohort, no differences in 

thee prevalence of rib anomalies were found between asthma patients and other controls. As 

radiographss in the Swiss study 13 d id not permit an adequate j u d g m e n t of aplasia of the 12 t h 

thoracicc ribs or presence of lumbar ribs ( together 5 1 . 2 % of the to ta l number of anomalies in the 

presentt study), this most likely explains the dif ference in overall prevalence f igures: if w e exclude 

anomaliess of the lower thoracic ribs in the present study, the prevalence of anomalies in controls is 

ATT BI B-S S Qualit y assessmen t 
(%)) {%) (%) (%) 

0.011 0.01 - - +/-

0.00* * 

6.6 6 
5.3 3 

0.64 4 
1.0 0 
1.07 7 
0.5 5 
2.1 1 
0.8 8 
0.6 6 

0.27 7 
0.2 2 
0.39 9 

0 0 
0.5 5 
0.3 3 
02 2 

0.2? ? 

0 0 
0.1 1 

+/--
+/--
+ + 

V--
+/--

7 7 

? ? 
? ? 
? ? 
? ? 

clear,, B: blinding of observers, C: central review, O: number of observers, AC: Adul t Controls, PC: Pediatric 
Controls,, PCP: Pediatric Cancer Patients, ^radiographs in this study did not al low adequate judgment of the lower 
thoracicc border). 
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similarr to the Swiss study (i.e. 7.2%) 13. There are several other control studies 1618 (table 4), often 

lackingg clear definitions of the anomalies, or without a clear description of their review methods and 

populationn characteristics. This precludes a more detailed comparison. 

Thee ideal control group for the evaluation of rib anomalies in children would be a large set of 

radiographss made in school children without any medical problem. However, such a study would be 

unethical,, as it would mean to make radiographs only for research purposes in otherwise healthy 

children.. The next best study design is in our view a study performed in children referred by general 

practitionerss and general pediatricians for chest radiographs on a common indication, in order to 

minimizee the contribution of special patient groups visiting a tertiary center like our Center. In order 

too further minimize the contribution of patients with special disorders all patient with more than one 

radiographh were also excluded. 

Itt may be rightfully reasoned that digital radiography would have allowed a superior evaluation of 

ribb anomalies. However, digital radiography was only introduced as the standard method for children 

att our center very recently, preventing such a study in our center, as it will in many other centers 

aroundd the world. The normal values presented here only apply for conventional radiography. We 

encouragee future, similar studies using digital radiography. 

Wee also demonstrate a significantly higher prevalence of cervical rib anomalies in a large cohort of 

childhoodd cancer patients compared to controls. The difference was found only in patients with 

acutee lymphoblastic leukemia, astrocytoma, and germ cell tumor, suggesting that cervical rib anomalies 

aree tumor specific. These results support our hypothesis, that constitutional genetic defects, 

environmentall factors, or combinations of these, are more frequently involved in pediatric oncogenesis 

thann currently estimated. 

Ourr results are in concert with the results of the study by Schumacher et al 8 who reviewed chest 

radiographss of 1,000 childhood cancer patients and 200 controls. They also found rib anomalies to 

bee significantly more prevalent in leukemia and brain tumor patients. Significant higher prevalences 

weree also detected in Ewing sarcoma (p<0.01), Wilms tumor, soft tissue sarcoma, and neuroblastoma 

patientss (latter three p<0.001). Although the higher prevalence found in neuroblastoma and Wilms 

tumorr patients could be confirmed by our results, statistical significance was not reached. Overall 

prevalencee figures of rib anomalies for controls in both studies are comparable. However, in children 

withh cancer Schumacher and co-workers found prevalences 2.5 to 4 times higher compared to our 

results,, for all major anomaly groups, except for anomalies of the 12th ribs, which were not scored in 

thee Schumacher study. This led to a strikingly higher overall prevalence of rib anomalies in the 

childhoodd cancer group compared to controls: 242 anomalies were found in 218/1,000 cases (21.8%) 

comparedd to 11 rib anomalies in 11/200 controls (5.5%). This difference in overall prevalence figures 

couldd not be confirmed by our results, the overall prevalence being equal in cases and controls 

(14.9%% and 14.2%, respectively). If anomalies of 12th ribs are discarded in our study as this was 

donee in the Schumacher study, 78 cases (9.5%), and 63 controls (7.2%) have a rib anomaly (p=0.073). 

146 6 



Ribb anomalies in childhood cancer patients 

AA second explanation for the difference in prevalence figures for both cancer groups might be 

explainedd by differences in study group size. Therefore, we calculated overall prevalence by using 

thee prevalence figures for the different rib anomalies in the tumor groups in the Schumacher study, 

andd applying these to our relative tumor group sizes. This leads to an overall prevalence of 18.7%, 

stilll twice as high as in the present study. Yet another explanation could be that in the Schumacher 

studyy observers were not blinded for the origin of the radiographs {case or control), possibly introducing 

aa bias to overestimation of anomalies in cases. Furthermore, the study does not mention the definitions 

off abnormalities, the number of observers that scored a radiograph, and whether observers were 

blindedd for each other's results, all of which was performed in the present study. Additionally, we 

discussedd all positively scored radiographs during central reviews, by all 4 observers: only those 

anomalies,, of which all observers agreed on, were registered as anomalies. This reduced the number 

off radiographs with anomalies (in both cases and controls) significantly. Lastly, despite the strict 

methodss in the present study, kappa scores weree only moderate to reasonable for the different rib 

anomalies,, indicating the difficulty of scoring of rib anomalies in the pediatric age group. No differences 

inn kappa scores were found for the different observer couples, and kappa scores for the first 250 

chestt radiographs were equal to those for the last 250 radiographs. All these factors underline the 

difficultyy of scoring rib anomalies on pediatric chest radiographs, and stress the need for multiple 

observerss and a reconciliation process in studies of rib anomalies. We assume that studies performed 

withh less strict methods will more easily allow for scoring errors, and this may be the main explanation 

forr the differences between the German study and the present study. 

Ass the base line risk for childhood cancer is very low, the finding of a cervical anomaly in a patient 

shouldd not alert radiologists to the presence of a malignancy. However, the higher prevalence of 

cervicall rib anomalies in childhood cancer patients may provide clues for the etiology of the different 

malignancies. . 

Thee number of cervical vertebrae in birds, reptiles, and amphibians varies considerably, but the 

numberr in mammals shows an exceedingly low level of interspecies variation. Even giraffes and 

whales,, with their extreme differences in neck length, have the same number of cervical vertebrae as 

humanss 19. Patterning of the axial skeleton in vertebrates is mainly determined by Wox-genes 20, 

whichh are expressed in specific spatial domains along the anterior-posterior axis. Partially overlapping 

HoxHox gene expression domains constitute the so called 'Wox-code', providing a common molecular 

mechanismm for the specification of positional identities21. Disturbances in Hox gene expression can 

leadd to the formation of cervical ribs22, knock-out mutants of Hox genes in mice having an increased 

prevalencee of cervical ribs (i.e. posterior transformation of cervical vertebrae), as has been shown in 

att least four mutants {Hoxa-A, Hoxd-4, Hoxa-S, and Hoxa-6) 22. Transgenic mice overexpressing 

Hoxb-7Hoxb-7 or Hoxb-8, and mice mutants lacking bmiA and me/-18, vertebrate homologs of Drosophila 

Polycomb-GroupPolycomb-Group (Pc-G) genes involved in the regulation of /-/ox-genes, also display cervical ribs23 26. 

Besidess being important regulators of embryonic development, Hox genes also play a role in normal 
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andd malignant hematopoietic processes. The MLL-gene, a structural and functional homologue of 

Trithorax,Trithorax, a Drosophila homeotic regulator, controls the maintenance of expression of Hox genes 

duringg embryogenesis 27. Within the hematopoietic system, Hox genes are expressed in stem cells 

andd immature progenitor cells, but are down regulated in differentiated myeloid cells 2829. In acute 

leukemia,, the MLL gene participates in translocations with more than 40 distinct partner chromosome 

loci.. The translocations result in a gain of MLL function by generating novel chimeric proteins, 

severall with leukemogenic potential 30. MLL-qene translocations are involved in the majority of 

infantilee leukemia 31. Mice with mutations of Pc-G and Trithorax-group (Trx-G) genes, involved in the 

maintenancee of the expression of Hox genes, show both vertebral anomalies (including cervical ribs) 

andd leukemia or lymphoma 26-3233. Although at present there are no models describing the relationship 

betweenn Hoxgenesand astrocytoma or germ cell tumors, relationships with neuroblastoma-, primitive 

neuroectodermall tumor-, and medulloblastoma cell lines exist34. 

Nott only constitutional genetic defects might play a role in altering the anterior-posterior patterning, 

butt also environmental factors might be of influence. Pregnant mice exposed to retinoic acid (RA), 

valproicc acid (VA), bromoxynil (Br) or methanol showed anteriorizations (e.g. lumbar ribs) or 

posteriorizationss (e.g. cervical ribs or aplasia of 12th ribs) of the axial skeleton, depending on the 

gestationall age of the embryo at the time of maternal treatment3536. RA and VA on gestation day 

(GD)) 6 caused posteriorization in the cervico-thoracic region (i.e. cervical ribs), while exposure to RA, 

VA,, or Br on GD 8 caused anteriorization in the thoraco-lumbar area (i.e. lumbar ribs) 36. Gene 

expressionn analysis showed changes in the anterior boundaries of Hoxa7 expression domains in 

embryoss treated on GD 6 and 8 with RA, where the other compounds did not have this effect on 

Hoxa7Hoxa7 expression. 

Anotherr environmental factor influencing /-/ox-expression, and thus shifts of the axial skeleton, is 

maternall hyperthermia. Pregnant mice exposed to heat (immersion in water at C up to 15 minutes, 

onn different days of gestation) gave birth to offspring with changes in anterior-posterior patterning 

off the vertebral column 37. The earlier the heat shock was administered, the more cranially the 

transformationss started off. 

Conclusio n n 
Wee generated normal values for the presence and type of rib anomalies on chest radiographs in a 

largee group of pediatric controls, and found a significantly higher prevalence of cervical rib anomalies 

inn children with specific types of childhood cancer. Alterations of Hox family gene(s) expression are 

goodd candidates for this higher prevalence. The results are in line with a recent, similar study on 

externall phenotypic abnormalities (Merks et al.( submitted). Constitutional genetic defects, 

environmentall factors, or combinations of these, might be more frequently involved in pediatric 

oncogenesiss than currently estimated. 
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