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Abstract

The presence of cleft lip with or without cleft palate (CL/P) in family members of cancer patients 

was investigated. An epidemiological questionnaire including family history of cancer and 

congenital oral cleft malformations was administered to 168 cancer survivors and a population-

based sample of 170 healthy subjects. In the control group, 1.2% reported a family member with 

CL/P; among cancer survivors the figure was 4.2% (odds ratio: 3.7; 95% confidence interval: 

0.75–17.8; p = .07). Among cancer survivors with a family member with CL/P, there was an 

apparent excess of testicular cancer and melanoma in comparison with the cancer survivors with 

no family history of CL/P. These preliminary results suggest a common etiologic background for 

cancer and CL/P.
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INTRODUCTION

Cancer is a multifactorial disease in which both genetic and environmental factors play a 

significant role. Preventive plans for decreasing cancer incidence include both the removal 

of environmental agents known to be carcinogens and the identification of cancer 

susceptibility gene polymorphisms or mutations. Subjects carrying specific susceptibility 

genes can be the target of more aggressive screening programs and chemo-preventive 

treatments, in addition to being properly advised on their lifestyle behavior.
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Several studies have reported an association between pediatric cancers and congenital 

defects (1–4) and have suggested that these two conditions may have in common variations 

in genes that regulate growth and tissue development.

One of the most common congenital malformations is cleft lip with or without cleft palate 

(CL/P), whose prevalence at birth is roughly 1 in 1,000 live births (5). The association 

between CL/P and pediatric cancer has been controversial (6–9); however, aggregation of 

cancer in CL/P families as well as the occurrence of adulthood cancers in children born with 

CL/P have been documented. One study has shown that parents of kids with sporadic CL/P 

have a higher risk of developing cancer than control families (10); the other reported an 

increased risk of cancer in adulthood in a population-based cohort of CL/P subjects (11). 

Genes that have been suspected to be at the basis of this association are the fibroblast 

signaling pathway (FGF), epithelial cadherin (CDH1), and AXIS inhibition protein 2 

(AXIN2) (12). The types of cancer more frequently associated with mutations in the above-

mentioned genes are colon-rectal and breast cancers.

The few epidemiological studies conducted so far have addressed the presence of cancer in 

CL/P subjects and their families; no study, however, has been published on the presence of 

CL/P in family members of cancer patients. The finding of an increase risk of CL/P in 

families ascertained through the identification of a cancer case would strengthen the 

hypothesis that common genetic factors may play a role. In addition, more aggressive cancer 

preventive measures could be directed toward family members of CL/P cases, if an 

association is confirmed.

MATERIAL AND METHODS

During 2007 and 2008, a questionnaire on demographics, lifestyle, and family history of 

cancer and congenital oral cleft malformations was administered to two separate groups of 

subjects: a cohort of cancer survivors and a population-based sample of healthy subjects. 

The catching area of the population sample of controls included the area where the hospital 

chosen for recruitment of cancer survivors was located.

Healthy subjects

Participants from the general population were enrolled in Pittsburgh, Pennsylvania. Subjects 

18 years of age and older were asked to join a population-based registry of healthy people 

from Pittsburgh and surrounding communities. These participants were recruited through 

flyers posted at churches, community centers, outpatient clinics, health fairs, school events, 

and libraries and taken out in the local newspapers and the University of Pittsburgh Medical 

Center newsletters. Institutional Review Board approval was obtained from the University 

of Pittsburgh. A sample of 176 subjects were administered the supplemental questionnaire 

on family history for congenital oral cleft malformations, and 170 of them (97%) completed 

it.

Cancer survivors

Cancer survivors were recruited in one of the hospitals affiliated with the University of 

Pittsburgh Cancer Center, located in Latrobe (Pennsylvania), starting from January 2007. 
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Patients who were treated for cancer in the past, who were considered in remission for at 

least 6 months, and who were scheduled for an appointment for a routine checkup were 

considered eligible for the survey (n = 602).

A trained nurse would approach the patient after the routine checkup and propose 

participation in the study. Patients who agreed would sign an informed consent and fill the 

same self-administered questionnaire completed by the healthy population. Starting from 

December 1, 2007, through June 1, 2008, the supplemental questionnaire on family history 

for oral cleft congenital malformations was added to the main questionnaire. Out of 206 

cancer survivors contacted during that period, 168 (82%) agreed to participate in the study.

The questionnaire included a general section on demographics, some behavioral risk factors 

such as smoking and drinking habits, a detailed family history for cancer in first-degree 

relatives, and a section investigating the presence of CL/P in first and second-degree family 

members. Information collected included the type of CL/P (unilateral, bilateral, cleft palate 

only, lip only, or cleft lip plus palate) and the relationship between the index case and the 

family member. A schematic drawing of the various cleft palate subtypes was included in 

the questionnaire in order to facilitate and standardize the answers (Figure 1).

Statistical analysis

Comparison between cancer survivors and healthy subjects was performed using chi square 

for categorical variables and t-test for continuous variables. Statistical significance was set 

at .05. Conditional logistic regression was used to assess the association between cancer and 

CL/P. The ratio of the number of cases observed for each cancer type in survivors with 

family history of CL/P was divided by the number of cases expected in survivors without 

family history of CL/P (O/E). All analyses were conducted with SAS statistical package 

(Cary, North Carolina).

RESULTS

The questionnaire was answered by 338 subjects: 168 cancer survivors and 170 healthy 

subjects. The description of the population is reported in Table 1. Healthy subjects were 

significantly younger and more educated than cancer survivors. In addition, healthy subjects 

included a significantly larger proportion of ethnicities other than Whites.

As expected, among cancer survivors the most represented cancers were those with higher 

survival, i.e., breast, colon-rectal, lymphoma/leukemia. A large proportion of survivors 

reported a history of two or more primary cancers (20/167, 12%).

The presence of a family member (including self) with CL/P was 1.2% in the sample of the 

general population and 4.2% among cancer survivors (p = .07; Table 1). The odds ratio of 

CL/P with cancer was 3.7 (95% confidence interval: 0.75–17.8). Because a difference in 

ethnicity was observed in the study populations, the analysis was also restricted to Whites; 

the prevalence of CL/P was 4.3% in cancer survivors and 1.4% in healthy controls. In order 

to further address differences in demographic characteristics, a stratified analysis according 

to quartiles of age (≤30, 31–52, 53–64, and >64 years) was performed; the prevalence of 
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CL/P was 0%, 3.1%, 6.8%, and 2.6% among cancer survivors and 0%, 2.0%, 3.9%, and 0% 

among healthy subjects respectively. When the data were stratified according to education, 

all the cases were among people with high school or some college education; no case was 

reported in families of people who had completed college or more.

Table 2 shows the distribution in cancer type in cancer survivors who reported a family 

member with CL/P and cancer survivors who had no family members with CL/P. There was 

no overall difference in cancer type in the two groups; breast and colon-rectal cancers were 

the two most prevalent cancers in the two groups. In the group of cancer survivors who 

reported a family member with CL/P there was an excess of testicular cancer and melanoma 

in comparison with the cancer survivors who had no family history of CL/P.

There was no association between the type of CL/P in the family member and the type of 

cancer observed in the cancer survivors, nor was a pattern observed between cleft type and 

family relationship between the cleft cases and the cancer survivors (Table 3). There was an 

excess of female CL/P reported by the population under study, but this did not correlate with 

the gender of the index case.

DISCUSSION

This study assesses the prevalence of CL/P in family members of cancer patients and 

suggests that CL/P is much more frequent (up to four times) in families of cancer survivors 

in comparison with families of a population-based sample of controls. The results are not 

statistically significant, possibly because of the small sample size of this study relative to the 

rarity of CL/P occurrence. The power to detect a statistically significant difference in the 

present study was in fact only 60%.

The interpretation of these preliminary results should be done with caution. Although it 

cannot be dismissed that this could be a chance finding, it is possible that the result is 

another piece of evidence in favor of the hypothesis of common genetic factors at the basis 

of the etiology of both CL/P and cancer. Similar to the excess of CL/P in relatives of cancer 

survivors, this study shows that cancer survivors have a significantly higher proportion of 

relatives with cancer, as expected from previous literature; however, there was no overlap 

between relatives with cancer and relatives with CL/P. Probably a larger study could address 

a possible link between cancer and CL/P in relatives of cancer survivors.

The strengths of this study are the use of a standardized questionnaire surveying family 

history for CL/P, the inclusion of population-based controls drawn from a healthy registry 

assembled for research purposes, the large number of well-characterized cancer survivors, 

and the more efficient study design, which starts from a more common disease (cancer) and 

aims at detecting a rarer condition (CL/P) in family members.

The fact that more CL/P cases in the family were reported by cancer survivors than by 

controls cannot be ascribed to recall bias among cancer survivors or to differential reporting 

according to case/control status, since CL/P is not known by the general population or by 

health care providers to be a risk factor for cancer. Underreporting is also unlikely, since this 
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is a very obvious congenital defect, and a schematic graph of the possible phenotypic 

presentations of CL/P was included in the questionnaire.

We have observed in this study more female than male CL/P in relatives; the epidemiology 

of sporadic CL/P indicates a higher prevalence of this abnormality in males than in females. 

It is possible that our result is due to the small number of subjects ascertained, by referral 

bias from the family members or by a specific common etiologic factor between cancer and 

CL/P that is associated with gender.

The two populations under study, cancer survivors and healthy controls, differ significantly 

in age, education, and race. The excess of White patients among cancer survivors cannot be 

linked to the excess of family members with CL/P reported by this group, since ethnicity 

plays a small role in CL/P prevalence, and if any difference exists, Asians and Native 

Indians seem to be more prone to show CL/P than Whites (13). In addition, a post hoc 

analysis restricted to Whites did not change the main result.

The confounding role of education cannot be excluded: cancer survivors are less educated 

and perhaps less informed of what a congenital defect is, although the graph included in the 

questionnaire should have helped the respondents. If less reporting was done by cancer 

survivors, it can be hypothesized that the real difference in CL/P prevalence in families of 

cancer survivors versus families of healthy controls is even greater than what was observed 

in the current study, thus corroborating the results. Cancer survivors are also significantly 

older than the control sample, and this is a limitation of this exploratory study. A stratified 

analysis according to age was conducted in an attempt to address this aspect, and the 

percentage of relatives with CL/P was higher among cancer survivors than among controls 

across strata of age. However, a further study with properly age-matched controls would be 

necessary to fully address this limitation.

Possible mechanisms at the basis of an association between CL/P and cancer are shared 

genetic factors. It has been reported (12, 13) that polymorphisms in genes involved in cell–

cell adhesion and cell motility are associated with CL/P, and the same genes may be 

involved in carcinogenesis.

Polymorphisms in fibroblast signaling pathway genes, epithelial cadherin, and AXIS 

inhibition protein 2 have been associated with both CL/P and colon-rectal, gastric, or breast 

cancers, although studies in this direction are very scarce (12).

A limitation of our study is the inclusion of cancer survivors instead of newly diagnosed 

cancer patients. A question that cannot be addressed by the current study design is the 

association between CL/P and cancers that are highly fatal, such as lung cancer. Another 

consequence of studying cancer survivors is that the association between cancer type and 

CL/P in family members cannot be assessed, since survivorship is a characteristic that varies 

according to cancer type. In fact, the sample of cancer survivors studied here is largely 

composed of breast cancer, colon-rectal cancer, and lymphoma patients, three cancer types 

known to have good prognosis and longer survival. Future studies should propose similar 

design but the inclusion of incident cancer cases.
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Another aspect to be addressed in future studies is the size of the families identified through 

the index case. Although the number of first-degree relatives was collected through the 

questionnaire, the information on number of second-degree relatives is lacking for both 

cancer survivors and healthy controls.

When we compared cancer types among cancer survivors who reported a CL/P case in their 

family versus cancer survivors who did not, we found in the first group (survivors with a 

positive family history for CL/P) an apparent excess of melanoma and testicular cancer 

cases. This result should be by no mean considered conclusive and has to be interpreted with 

caution because of the small sample size, but it deserves further investigation, since it could 

indicate common etiologic factors for these rare cancer types and CL/P.

This preliminary finding should be confirmed in further epidemiological studies on large 

cohorts of incident cancer cases, in which a detailed family history for CL/P is collected 

with a standardized questionnaire, along with testing for polymorphisms in candidate genes 

shown to be associated with both CL/P and cancer. However, if confirmed, these results 

could open potential new venues in the understanding of cancer etiology as well as cancer 

prevention in families with a history of congenital defects.
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Figure 1. 
Schematic graphs utilized for the questionnaire to identify family members with CL/P.
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Table 1

Description of the Study Population

Variable Cancer Survivors (n = 168)
Mean ± SD

Healthy Population (n = 170)
Mean ± SD

p value

Age (years) 62.61 ± 11.15 35.84 ± 15.16 .0001

Number of 1st degree relatives 7 ± 3 5 ± 2

N (%) N (%)

Gender

  Males 43 (26) 51 (30)

  Females 124 (74) 119 (70) n.s.

Education

  ≤ High school 73 (43.7) 10 (5.9)

  Some college 48 (28.7) 52 (30.6)

  College graduate 29 (17.4) 66 (38.8)

  Postgraduate 17 (10.2) 42 (24.7) .0001

Ethnicity

  White 166 (99.4) 146 (85.9)

  Other 1 (0.6) 24 (14.1) .0001

Family history of cancer (first degree) 107 (64) 58 (34) .001

Cancer type n/a

  Breast 81(48.5)

  Colon-rectal 20 (12)

  Lymphoma 12 (7.2)

  Lung 9 (5.4)

  Skin 7 (4.1)

  Testicular 4 (2.4)

  Gastro-esophageal 2 (1.2)

  Sarcoma 2 (1.2)

  Othersa 8(4.8)

  Two primaries 20 (12)

  Three primaries 1 (0.6)

  Missing 1 (0.6)

Cleft in family 7 (4.2) 2 (1.2) .07

Note: Totals may vary because of the missing values.

a
Includes one of each of the following: cervix, bladder, endometrial, kidney, oral, ovary, prostate, or eye.
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Table 2

Association Between Cancer Type in Cancer Survivors and CL/P in Family Members

Family History for CL/P Observed/
ExpectedYes No

Cancer Survivors 7 161

Breast 3 (42.8%) 78 (49%) 0.9

Colon-rectal 1 (14.3%) 19 (12%) 1.2

Melanoma 1 (14.3%) 4 (2.5%) 5.7

Testicular 1 (14.3%) 3 (1.9%) 7.6

Two primaries 1 (14.3%)a 19 (12%) 1.2

Three primaries 0 1 (0.6%) –

Others/missing 0 35 (22%) –

Note: Overall chi square (Fisher exact test) = 0.54.

a
Breast, lung.
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Table 3

Description of the Family Member With CL/P and of the Corresponding Index Case in the Same Family

Type of CL/P in Family
Member N (%) Description of Index Case

CL/P Family Relationship to
the Index Case

Average Age of Index
Case (Mean ± SD)

Lip only, unilateral 3 (33) Breast + lung Niece 58.3 ± 20.6

Colon-rectal Nephew

TESTICLES Nephew + niece

Lip only, bilateral 1 (11) Healthy subject Niece 44

Palate only 1 (11) Breast Niece 58

Lip and palate, unilateral 2 (23) Healthy subject Granddaughter 66 ± 4.2

Melanoma Self

Lip and palate, bilateral 1 (11) Breast Niece 64

Location unknown 1 (11) Breast Paternal uncle 61

Total 9 (100)

Average age index cases 9 59.3 ± 12.3

Average age remaining population 327 48.8 ± 18.9a

a
p values for the t-test for unequal variances = .034.
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