Neonatal phototherapy and future risk of childhood cancer
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Novelty and Impact: Phototherapy for neonatal jaundice is one of the most common
therapies in newborns. Neonatal phototherapy has carcinogenic potential, but the future
impact on risk of childhood cancer is unknown. This longitudinal study with 4,660,868
person-years of follow-up suggests that phototherapy may be associated with the later risk of
solid tumours in childhood, especially tumours with longer latency. Closer study is needed to
disentangle the effect of phototherapy from hyperbilirubinemia.

Counts: Abstract 242, Manuscript 3189, Figures 2, Tables 3, Supplemental Material 4,
References 34

This article is protected by copyright. All rights reserved.

ABSTRACT
We sought to determine if neonatal phototherapy is associated with a greater risk of childhood
cancer. We conducted a retrospective cohort study of 786,998 infants born in hospitals of
Quebec, Canada between 2006 and 2016, with 4,660,868 person-years of follow-up over an
11-year period. The exposures were neonatal phototherapy (32,314 or 4.1% of infants) and
untreated jaundice (91,855 or 11.7% of infants). The outcome was hospitalization for solid or
hematopoietic childhood tumours between 2 months and 11 years of age. We used Cox
proportional hazards regression models to compute hazard ratios (HR) and 95% confidence
intervals (CI) for the association of phototherapy with childhood cancer, adjusted for infant
characteristics. The incidence of childhood cancer was higher for infants with phototherapy
(25.1 per 100,000 person-years) and untreated jaundice (23.0 per 100,000) compared with
unexposed infants (21.6 per 100,000). Phototherapy appeared to be associated with late onset
solid tumours, including brain/central nervous system cancers. Between age 4 and 11 years,
children who received neonatal phototherapy had more than 2 times the risk of any solid
tumour compared with unexposed children (HR 2.26, 95% CI 1.34-3.81). Results were similar
for phototherapy compared against untreated jaundice. A similar trend was however less
apparent for hematopoietic cancer. We conclude that neonatal phototherapy may be
associated with a slightly increased risk of solid tumours in childhood, but cannot rule out an
effect of bilirubin. Minimizing unnecessary exposure to phototherapy through adherence to
recommended thresholds for treatment is encouraged.
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INTRODUCTION
Phototherapy is considered safe for treatment of neonatal jaundice,1 but less is known on the
long term impact on childhood morbidity, especially cancer. Cancer is a leading cause of
mortality in children.2 The causes of childhood cancer are very poorly understood, and the
possibility of a link with neonatal phototherapy is garnering attention.3 Phototherapy is widely
used to prevent kernicterus, a rare condition in newborns linked with severe chronic
encephalopathy.1 However, emerging evidence suggests that phototherapy can cause DNA
damage or generate reactive oxygen species and proinflammatory cytokines associated with a
greater risk of cancer.4 Phototherapy supposedly has carcinogenic potential, but the long term
impact on risk of childhood cancer is unclear.

A number of preliminary studies report inconsistent associations between phototherapy and
cancer, mostly showing weak or no associations with leukemia.5–8 More recent cohort studies
have been inconclusive.9,10 The most concerning findings suggest that neonatal phototherapy
may be associated with 1.4 times the risk of any cancer, 2.6 times the risk of myeloid
leukemia and 2.5 times the risk of kidney cancer before one year of age.10 However, studies
have not investigated delayed effects of phototherapy, despite the possibility that cancer
develops only after a latency period has passed.2,11 If an association is present, it is likely that
neonatal phototherapy leads to cancer several years after exposure. Therefore, the impact of
neonatal phototherapy, if any, on development of cancer later in childhood remains unclear.
We sought to determine if neonatal phototherapy is associated with an increased risk of
childhood cancer, and if the risk increases with greater latency.
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MATERIALS AND METHODS
Study population
We analyzed a retrospective cohort of 786,998 infants born in hospitals in Quebec, Canada
between 2006 and 2016. We used health insurance numbers to follow the newborns over time
to identify later hospitalizations for cancer. Follow-up began at birth and ended March 31,
2017, the last year available, providing up to 11 years of longitudinal data. We used all
available data to maximize statistical power. We extracted medical information from the
Maintenance and Use of Data for the Study of Hospital Clientele registry, a dataset
comprising discharge abstracts for individuals admitted to any hospital in Quebec.12 During
the study, each abstract provided up to three cancer diagnoses, 26 medical diagnoses, and 20
procedures or therapeutic interventions. We did not include 75 newborns with missing
gestational age or birth weight. To allow a sufficient time lag between phototherapy and
carcinogenesis, we did not include 189 infants who developed cancer before two months of
age or did not have at least two months of follow-up. The latent period between phototherapy
exposure and development of cancer is not known, but previous analyses have used a 2-month
cutoff to exclude cases unlikely to be related to phototherapy.9,10

Phototherapy
We identified infants who received phototherapy at birth or during admissions the first 28
days of life.13 In 2007, the Canadian Pediatric Society issued guidelines for screening of
jaundice within 72 hours of birth, and treatment with phototherapy in neonates born at 35
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weeks gestation or more.13 Guidelines did not change during the study. Recommendations for
phototherapy are based on bilirubin concentration, postnatal age, and neurotoxicity risk level,
accounting for the normal increase in bilirubin in the first 3 to 4 days of birth.13 Phototherapy
may also be used outside clinical recommendations, although we could not determine the
extent because we did not have bilirubin measurements in our data. We used procedure codes
from the Canadian Classification of Health Interventions to identify infants who received
phototherapy (1.YZ.12.JA-DQ).

We further identified infants with untreated jaundice who did not receive phototherapy. We
did so in the event that bilirubin exposure rather than phototherapy was the underlying risk
factor for cancer. This is particularly important as infants who receive phototherapy reflect a
group with potentially more severe hyperbilirubinemia. We used diagnostic codes from the
10th revision of the International Classification of Diseases to identify infants with jaundice
(P58, P59). The exposure was therefore defined as a 3-category variable, comprising
phototherapy, untreated jaundice, and no exposure.

Childhood cancer
The main outcomes were first hospitalization for solid or hematopoietic tumours following an
adapted version of the World Health Organization’s 3rd edition of the International
Classification of Childhood Cancer.14 Solid tumours were grouped as brain/central nervous
system (intracranial and intraspinal neoplasms; retinoblastoma) versus other malignant
tumours (neuroblastoma; sarcoma; renal, hepatic, or bone tumours; germ cell, trophoblastic,
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or gonadal neoplasms; pleuropulmonary blastoma). Hematopoietic cancers were grouped as
acute lymphoblastic leukemia versus lymphoma and other leukemias (lymphoma and
reticuloendothelial neoplasms; acute myeloid leukemia; myeloproliferative diseases;
myelodysplastic diseases; other leukemias). Cancers were coded using morphology and
topography in the International Classification of Diseases for Oncology-3.14

Covariates
We accounted for confounders potentially associated with cancer, including maternal age
(<25, 25-34, ≥35 years), gestational age (continuous), birth weight (continuous), multiple
birth (yes, no), cesarean section (yes, no), infant sex (male, female), congenital anomalies
identified at birth or during follow-up (Down syndrome, other chromosomal,
nonchromosomal, no),15,16 socioeconomic deprivation (most materially deprived quintile of
the population, no, unspecified), place of residence (rural <10,000 inhabitants, urban,
unspecified), and birth year (continuous). Socioeconomic deprivation was measured as a
composite score of census data on income, employment and education for the population in
neighbourhoods of residence.17

Data analysis
We used a time-to-event approach for the analysis. We computed the incidence of cancer per
100,000 person-years for phototherapy and untreated jaundice versus no exposure. To
calculate the cumulative incidence of cancer after 11 years of follow-up, we used the
cumulative incidence function specifying death as a competing event.18
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Using Cox proportional hazards regression, we estimated hazard ratios (HR) and 95%
confidence intervals (CI) for the association of neonatal phototherapy and untreated jaundice
with risk of childhood cancer. We used the number of days since birth as the time scale, and
censored children who never developed cancer. We used the Fine and Gray method to account
for deaths, a competing outcome.19 We performed the analysis using both a 2-month latent
period, and a 1-year latent period in the event of delay in the development of cancer.

Because the outcome was rare, we used inverse probability of treatment weights to adjust the
models for potential confounders.20,21 The probability of treatment or propensity score is the
probability of exposure to phototherapy or untreated jaundice based on infant
characteristics.20,21 We computed the probability of treatment using a logistic regression
model with the predictors maternal age, gestational age, birth weight, multiple birth, cesarean
section, infant sex, socioeconomic deprivation, place of residence, and birth year.22 We used
quadratic splines with knots at the 5th, 50th and 95th percentiles to ensure accurate
adjustment for gestational age, birth weight, and birth year.23 We verified that the weights
overlapped, and used the inverse of the score stabilized with the marginal probability of
exposure to weight the Cox regression models.20,21 In this study, inverse probability of
treatment weighting achieved good balance (Table S1). A negligible proportion (0.05%) of
the cohort had weights greater than 10 (Figure S1). Inverse probability of treatment weighting
reduces bias by balancing the measured characteristics of exposed and unexposed infants.20
We nonetheless adjusted for congenital anomalies directly in the Cox regression models to
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minimize the possibility of residual confounding due to the stronger association with
childhood cancer.15,16

In the next set of analyses, we tested the possibility that the association of neonatal
phototherapy with cancer was not constant over time, but strengthened past a specific latency
or age threshold. We therefore tested time-dependent linear interaction terms between
exposure and duration of follow-up to determine the association across the entire age range,24
and plotted the associations at each specific age. We subsequently computed the HR for
different age intervals, including 2-11, 3-11, 4-11, 5-11, and 6-11 years of age. These models
accounted for the possibility that hazards were nonproportional, which can occur if the effect
of phototherapy only manifests several years after exposure. Associations may be masked if
interaction with time is not assessed, as the overall HR may be attenuated by including a
period when infants are not at risk due to an insufficient latency.

In sensitivity analyses, we excluded infants born before 35 weeks gestation, a group more
likely to receive phototherapy.9,10,13 We further assessed Cox models with quadratic
interaction terms to account for possible nonlinearity in the temporal associations, and
analyzed data by birth year (2006-2009, 2010-2012, 2013-2015). We tested models with
congenital anomalies in the propensity score. Finally, we examined whether trimming
influenced the results by resetting outlying weights that were below 0.1 to 0.1 and weights
that were above 10 to 10.25 We carried out the statistical analysis in SAS version 9.4 (SAS
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Institute Inc., Cary, NC). Because we used de-identified medical data, we obtained an ethics
waiver from the institutional review board of the University of Montreal Hospital Centre.

RESULTS
Among 786,998 infants in the cohort, 32,314 (4.1%) received phototherapy and 91,855
(11.7%) had untreated jaundice (Table S2). Compared with unexposed infants (21.6 per
100,000 person-years), the incidence of any childhood cancer was higher in infants who
received phototherapy (25.1 per 100,000) and had untreated jaundice (23.0 per 100,000)
(Table 1). The incidence of any solid tumour was 17.6 per 100,000 person-years (95% CI
12.5-24.8) for phototherapy and 15.2 (95% CI 12.4-18.7) for untreated jaundice, compared
with 13.8 (95% CI 12.6-15.0) for no exposure. There was no evidence that the incidence of
hematopoietic cancer was higher for phototherapy and untreated jaundice.

In adjusted models, phototherapy and untreated jaundice were not significantly associated
with the risk of solid or hematopoietic tumours after a 2-month latency, but the associations
appeared to strengthen after a 1-year latency, especially for solid tumours (Table 2). Relative
to no exposure, infants who received phototherapy had 1.36 times the risk of any solid tumour
(95% CI 0.91-2.02) and 1.67 times the risk of brain/central nervous system tumours (95% CI
0.97-2.89) after one year, although no result was statistically significant. Results were
comparable when phototherapy was contrasted against untreated jaundice. Similarly, there
was no statistically significant association with hematopoietic cancer. Compared with no
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exposure, risks of lymphoma and other leukemias appeared to be nonsignificantly elevated for
untreated jaundice.

For infants who received phototherapy, the cumulative incidence of solid tumours increased
more sharply around 4 years of age compared with no exposure (Figure 1). The difference
was most marked for brain/central nervous system tumours, but was also present for other
solid tumours. There was however no difference in the cumulative incidence of hematopoietic
tumours. There did not appear to be a specific threshold at which infants with untreated
jaundice began having a higher cumulative incidence of cancer.

Cox models with linear time interaction terms confirmed that the risk of developing childhood
cancer was not constant over time, supporting the possibility of a delayed latent threshold
(Figure 2). The magnitude of associations with phototherapy strengthened with increasing
age, especially for solid tumours. At 6 years of age, infants who received phototherapy had
1.96 times the risk of any solid tumour (95% CI 1.24-3.09), and 1.81 times the risk of any
cancer (95% CI 1.25-2.62) compared with no exposure. Between 4 and 11 years, infants who
received phototherapy had 2.21 times the risk of any cancer compared with no exposure (95%
CI 1.47-3.34), and 2.26 times the risk of any solid tumour (95% CI 1.34-3.81) (Table 3). The
association with solid tumours seemed driven by brain/central nervous system cancers. The
same pattern was apparent for phototherapy contrasted against untreated jaundice. Compared
with untreated jaundice, phototherapy was associated with 2.21 times the risk of any cancer
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(95% CI 1.31-3.69) and 2.21 times the risk of any solid tumour (95% CI 1.15-4.26) between 4
and 11 years.

Associations of phototherapy with hematopoietic cancer also increased with age, but most
were not statistically significant. Quadratic interaction terms led to similar findings, as did
excluding infants born before 35 weeks gestation. Birth year analyses supported a latency
effect for infants born earlier in the study, but the shorter follow-up for infants born later in
the study prevented us from determining if a similar trend was present. Including congenital
anomaly in the propensity score yielded similar results. Trimming outlying weights did not
influence the results or study interpretation (Table S3).

DISCUSSION
In this cohort of nearly 800,000 infants with up to 11 years of follow-up after birth, we found
a weak association between neonatal phototherapy and childhood cancer, especially solid
tumours with longer latency. We assessed delayed or latency effects, a particularly novel
aspect of this study. Compared with untreated jaundice and no exposure, neonates who
received phototherapy had more than 2 times the risk of any solid tumour after age 4 years, a
trend that appeared to be driven primarily by brain/central nervous system tumours. Infants
with untreated jaundice also tended to have a greater risk of brain/central nervous system
tumours later in childhood, but the association was not statistically significant. Given the link
with central nervous system tumours, one can speculate that the association with phototherapy
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is due to hyperbilirubinemia, although we could not test this possibility due to lack of data on
bilirubin levels.

Bilirubin is toxic to the newborn central nervous system. Elevated serum bilirubin has
potential to cause acute bilirubin encephalopathy and kernicterus, a permanent neurological
disorder.1,26 Bilirubin crosses the blood-brain barrier and accumulates in regions of the brain,
including the basal ganglia, brain stem, and cerebellum.26 If not cleared from the central
nervous system, bilirubin can induce neuronal apoptosis, alter intercellular exchange, and
damage glial cells, including astrocytes, microglia, and oligodendrocytes.26 Thus, a potential
carcinogenic effect of bilirubin would not be surprising. In our results, untreated jaundice was
associated with a modestly increased risk of brain/central nervous system tumours, however
the relationship was not statistically significant. The associations nonetheless appeared several
years after exposure, allowing for a reasonable latent period. The findings raise the possibility
that bilirubin rather than phototherapy is a weak carcinogen, although this hypothesis is
difficult to confirm without data on bilirubin levels.

Infants who received phototherapy may simply reflect a group with more severe jaundice, at
risk of more severe hyperbilirubinemia. However, we cannot exclude the possibility that
phototherapy is involved in cancer development. Recent cohort studies support a potentially
small risk.9,10 In a cohort of 499,621 infants with up to 19 years of follow-up, neonatal
phototherapy was associated with an increased risk of leukemia and liver cancer, although
findings were not statistically significant when adjusted for infant characteristics.9 Another
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cohort study of more than 5 million newborns suggested that phototherapy was associated
with approximately 2 times the risk of myeloid leukemia and kidney cancer before one year of
age.10 There was no association with central nervous system tumours. The study stopped
follow-up at 1 year of age, and thus could not assess latency effects. A number of earlier
studies on childhood leukemia examined jaundice and phototherapy as risk factors.5–8 In a
case-control study of 595 children with leukemia and 5,950 controls, phototherapy was
associated with 2.5 times the odds of leukemia after excluding infants with chromosomal
anomaly (95% CI 1.0-6.2),5 but previous studies with similar design and scope reported null
or statistically nonsignificant associations.6–8

Several biologic studies suggest that phototherapy may have a carcinogenic effect on
hematopoietic cells. A study of 36 jaundiced infants who received phototherapy and 40
unexposed infants reported that phototherapy damaged DNA in peripheral blood mononuclear
cells, while hyperbilirubinemia seemed to have no impact.27 In a study of 135 newborns in
Egypt, phototherapy was associated with DNA damage and cell apoptosis in peripheral blood
lymphocytes, but hyperbilirubinemia had no effect.28 Both phototherapy and jaundice have
however been associated with an increase in sister chromatid exchange in peripheral blood
lymphocytes.29 While in our analysis the associations of phototherapy and untreated jaundice
with hematopoietic cancer were mostly statistically nonsignificant, weak associations did tend
to appear with time. We therefore cannot rule out the possibility of a small risk on
hematopoietic cancer, but it is again impossible to determine if phototherapy is the culprit or
if the results reflect a toxic effect of bilirubin.
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Randomized trials are the gold standard to determine if neonatal phototherapy is a cause of
cancer,20 but are clearly not an option given the risk of kernicterus from withholding
treatment. Observational studies are the alternative, but this method cannot distinguish effects
of phototherapy from hyperbilirubinemia due to the possibility of confounding-by-indication.
Moreover, childhood cancer is extremely rare, and very large infant cohorts are necessary to
detect an association with phototherapy. Considering the risk of neurotoxicity, rarity of cancer
outcomes, and possibility of confounding-by-indication, it seems wise to recommend closer
adherence to guidelines for use of neonatal phototherapy. Current data suggest weak
adherence to existing guidelines.30 For example, in a cohort of 358,086 American infants,
only 43% of newborns who received phototherapy had bilirubin levels that met treatment
guidelines after universal screening.31 Closer adherence and avoidance of excessive use may
therefore prevent unnecessary exposure to phototherapy.

We conducted a population-based cohort study with more than 10 years of follow-up, but
several limitations are worth noting. This study relied on hospital data, and it is possible that
we did not capture a minority of children with cancer who were never hospitalized. We could
not capture cancer hospitalizations outside Quebec, potentially lowering study power. We did
not have the exact date of diagnosis, but the majority of childhood cancers are treated rapidly
in Quebec, minimizing any impact on results. We could not investigate the association of
phototherapy with more specific childhood cancers such as kidney cancer or acute myeloid
leukemia due to insufficient numbers of cancer cases. We used information from hospital
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discharge abstracts, and data on possible residual confounders such as ethnicity and
breastfeeding were not available. Quebec is multicultural with visible minorities comprising
13% of the population.32 We could not assess the possibility that phototherapy was
overprescribed in some ethnic groups that have differential risks of childhood cancer.33,34
Thus, we could not rule out residual confounding. We had no information on serum bilirubin
levels, which would be informative to determine the severity of jaundice. Furthermore, we
could only identify hospital-based phototherapy at birth or during readmissions. We could not
capture home phototherapy, but this practice is uncommon in Quebec and misclassification is
unlikely. We did not have information on phototherapy intensity and duration. As we used
administrative data, coding errors are possible which may have led to nondifferential
misclassification and possibly attenuated associations. Finally, the results are representative of
a Canadian province with publicly funded hospital care, and it is not clear that the results can
generalize to dissimilar settings.

This analysis suggests that infants who receive phototherapy may have increased risk of
cancer several years after exposure, especially solid tumours. The associations are weak, and
we could not confirm a direct effect of phototherapy. Moreover, the absolute risk is small as
cancer is rare. Infants with untreated jaundice also tended to have a delayed risk of cancer,
and phototherapy may simply reflect a group of infants with more severe bilirubin exposure.
As the true impact of phototherapy on cancer development remains unclear, and phototherapy
is a key treatment for hyperbilirubinemia, avoiding unnecessary use and adhering to
recommended thresholds for initiation of phototherapy should be encouraged.

This article is protected by copyright. All rights reserved.

ACKNOWLEDGEMENTS

Author Contributions: NA and TML conceived and designed the study. AA analyzed the
data, with input from NA and EL. CL and TML helped interpret the results. NA and AA
drafted the manuscript, and CL, EL and TML revised it for important intellectual content. All
authors had full access to all the data in the study and take responsibility for the integrity of
the data and the accuracy of the data analysis.

Funding: This study was supported by the Canadian Institutes of Health Research (PCC156725), and the Fonds de recherche du Québec-Santé (34695).

Conflict of Interest: The authors have no conflicts of interest to disclose.

Data availability: The data that support the findings of this study are available from the
Ministry of Health and Social Services of Quebec following standard access procedures.

This article is protected by copyright. All rights reserved.

REFERENCES
1.

Maisels MJ, McDonagh AF. Phototherapy for neonatal jaundice. N Engl J Med
2008;358:920–8.

2.

Kaatsch P. Epidemiology of childhood cancer. Cancer Treat Rev 2010;36:277–85.

3.

Tyson JE, Miller CC. Whether neonatal phototherapy increases the risk of cancer in
children is a disturbing unresolved issue. Evid Based Med 2017;22:39–40.

4.

Oláh J, Tóth-Molnár E, Kemény L, Csoma Z. Long-term hazards of neonatal blue-light
phototherapy. Br J Dermatol 2013;169:243–9.

5.

Podvin D, Kuehn CM, Mueller BA, Williams M. Maternal and birth characteristics in
relation to childhood leukaemia. Paediatr Perinat Epidemiol 2006;20:312–22.

6.

Cnattingius S, Zack M, Ekbom A, Gunnarskog J, Linet M, Adami HO. Prenatal and
neonatal risk factors for childhood myeloid leukemia. Cancer Epidemiol Biomarkers
Prev 1995;4:441–5.

7.

Olsen JH, Hertz H, Kjaer SK, Bautz A, Mellemkjaer L, Boice JD Jr. Childhood
leukemia following phototherapy for neonatal hyperbilirubinemia (Denmark). Cancer
Causes Control 1996;7:411–4.

8.

Roman E, Ansell P, Bull D. Leukaemia and non-Hodgkin’s lymphoma in children and
young adults: are prenatal and neonatal factors important determinants of disease? Br J
Cancer 1997;76:406–15.

9.

Newman TB, Wickremasinghe AC, Walsh EM, Grimes BA, McCulloch CE,
Kuzniewicz MW. Retrospective cohort study of phototherapy and childhood cancer in
Northern California. Pediatrics 2016;137:e20151354.

This article is protected by copyright. All rights reserved.

10. Wickremasinghe AC, Kuzniewicz MW, Grimes BA, McCulloch CE, Newman TB.
Neonatal phototherapy and infantile cancer. Pediatrics 2016;137:e20151353.
11. Hewitt M, Weiner SL, Simone JV. Childhood cancer survivorship: improving care and
quality of life. Washington, DC: National Academies Press, 2003. Available at:
https://www.ncbi.nlm.nih.gov/pubmed/25057670.
12. Ministry of Health and Social Services. Med-Echo System Normative Framework Maintenance and use of data for the study of hospital clientele. Quebec: Government of
Quebec, 2017.
13. Canadian Paediatric Society. Guidelines for detection, management and prevention of
hyperbilirubinemia in term and late preterm newborn infants (35 or more weeks’
gestation) – Summary. Paediatr Child Health 2007;12:401–7.
14. Steliarova-Foucher E, Stiller C, Lacour B, Kaatsch P. International Classification of
Childhood Cancer, third edition. Cancer 2009;103:1457–67.
15. Spector LG, Pankratz N, Marcotte EL. Genetic and nongenetic risk factors for childhood
cancer. Pediatr Clin North Am 2015;62:11–25.
16. Carozza SE, Langlois PH, Miller EA, Canfield M. Are children with birth defects at
higher risk of childhood cancers? Am J Epidemiol 2012;175:1217–24.
17. Pampalon R, Hamel D, Gamache P, Simpson A, Philibert MD. Validation of a
deprivation index for public health: a complex exercise illustrated by the Quebec index.
Chronic Dis Inj Can 2014;34:12–22.
18. Lau B, Cole SR, Gange SJ. Competing risk regression models for epidemiologic data.
Am J Epidemiol 2009;170:244–56.

This article is protected by copyright. All rights reserved.

19. So Y, Lin G, Johnston G. Using the PHREG procedure to analyze competing-risks data.
Cary, NC: SAS Institute Inc., 2014. Available at:
https://support.sas.com/rnd/app/stat/papers/2014/competingrisk2014.pdf.
20. Austin PC. An introduction to propensity score methods for reducing the effects of
confounding in observational studies. Multivar Behav Res 2011;46:399–424.
21. Stürmer T, Wyss R, Glynn RJ, Brookhart MA. Propensity scores for confounder
adjustment when assessing the effects of medical interventions using nonexperimental
study designs. J Intern Med 2014;275:570–80.
22. Leslie S, Thiebaud P. Using propensity scores to adjust for treatment selection bias. In:
Proceedings of the SAS Global Forum 2007 Conference. Cary, NC: SAS Institute Inc.,
2007. Available at: http://www2.sas.com/proceedings/forum2007/184-2007.pdf.
23. Howe CJ, Cole SR, Westreich DJ, Greenland S, Napravnik S, Eron JJ Jr. Splines for
trend analysis and continuous confounder control. Epidemiology 2011;22:874–5.
24. Auger N, Abrahamowicz M, Wynant W, Lo E. Gestational age-dependent risk factors
for preterm birth: associations with maternal education and age early in gestation. Eur J
Obstet Gynecol Reprod Biol 2014;176:132–6.
25. Harder VS, Stuart EA, Anthony JC. Propensity score techniques and the assessment of
measured covariate balance to test causal associations in psychological research. Psychol
Methods 2010;15:234-49.
26. Watchko JF, Tiribelli C. Bilirubin-induced neurologic damage — mechanisms and
management approaches. N Engl J Med 2013;369:2021–30.

This article is protected by copyright. All rights reserved.

27. Ramy N, Ghany EA, Alsharany W, Nada A, Darwish RK, Rabie WA, Aly H. Jaundice,
phototherapy and DNA damage in full-term neonates. J Perinatol 2016;36:132–6.
28. Yahia S, Shabaan AE, Gouida M, El-Ghanam D, Eldegla H, El-Bakary A, Abdel-Hady
H. Influence of hyperbilirubinemia and phototherapy on markers of genotoxicity and
apoptosis in full-term infants. Eur J Pediatr 2015;174:459–64.
29. Karadag A, Yesilyurt A, Unal S, Keskin I, Demirin H, Uras N, Dilmen U, Tatli MM. A
chromosomal-effect study of intensive phototherapy versus conventional phototherapy
in newborns with jaundice. Mutat Res 2009;676:17–20.
30. Atkinson LR, Escobar GJ, Takayama JI, Newman TB. Phototherapy use in jaundiced
newborns in a large managed care organization: do clinicians adhere to the guideline?
Pediatrics 2003;111:e555–61.
31. Kuzniewicz MW, Escobar GJ, Newman TB. Impact of universal bilirubin screening on
severe hyperbilirubinemia and phototherapy use. Pediatrics 2009;124:1031–9.
32. Statistics Canada. Census Profile, 2016 Census - Quebec [Province] and Canada
[Country]. 2018. Available at: https://www12.statcan.gc.ca/censusrecensement/2016/dppd/prof/details/Page.cfm?Lang=E&Geo1=PR&Code1=24&Geo2=&Code2=&Data=Cou
nt&SearchText=Quebec&SearchType=Begins&SearchPR=01&B1=All&GeoLevel=PR
&GeoCode=24.
33. Chow EJ, Puumala SE, Mueller BA, Carozza SE, Fox EE, Horel S, Johnson KJ,
McLaughlin CC, Reynolds P, Von Behren J, Spector LG. Childhood cancer in relation to
parental race and ethnicity: a 5-state pooled analysis. Cancer 2010;116:3045–53.

This article is protected by copyright. All rights reserved.

34. Setia S, Villaveces A, Dhillon P, Mueller BA. Neonatal jaundice in Asian, white, and
mixed-race infants. Arch Pediatr Adolesc Med 2002;156:276–9.

This article is protected by copyright. All rights reserved.

Figure 1 Neonatal phototherapy and cumulative incidence of childhood cancer per 10,000
infants1

1

Solid line = neonatal phototherapy, dashed line = untreated jaundice, dotted line = no

exposure
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Figure 2 Association of neonatal phototherapy and untreated jaundice with childhood cancer
according to time since birth1

1

Adjusted for maternal age, gestational age, birth weight, multiple birth, cesarean section,

infant sex, congenital anomaly, socioeconomic deprivation, place of residence, and birth year.
Upper panels are for phototherapy relative to no exposure, center panels are for phototherapy
relative to untreated jaundice, and lower panels are for untreated jaundice relative to no
exposure. Grey’s p-value for interaction of phototherapy with time in upper panels = 0.004 for
any cancer, 0.003 for any solid tumour, and 0.4 for any hematopoietic cancer. Grey’s p-value
for interaction of phototherapy with time in center panels = 0.04 for any cancer, 0.03 for any
solid tumour, and 0.7 for any hematopoietic cancer. Grey’s p-value for interaction of
untreated jaundice with time = 0.5 for any cancer, 0.6 for any solid tumour, and 0.6 for any
hematopoietic cancer.
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Table 1 Incidence of childhood cancer for infants with phototherapy, untreated jaundice, and
no exposure
Phototherapy

Untreated jaundice

No exposure

Incidence of
Incidence of
Incidence of
cancer per
cancer per
cancer per
100,000 person100,000 person100,000 personNo.
No.
No.
cancers years (95% CI) cancers years (95% CI) cancers years (95% CI)
47
25.1 (18.9-33.5)
136
23.0 (19.5-27.2)
839
21.6 (20.2-23.1)

Any cancer
Solid tumour
Any
33
Brain/central nervous
system
14
Other solid
19
Hematopoietic cancer
Any
14
Acute lymphoblastic
leukemia
10
Lymphoma and other
leukemias
<5
CI = Confidence interval

17.6 (12.5-24.8)

90

15.2 (12.4-18.7)

534

13.8 (12.6-15.0)

7.5 (4.4-12.6)
10.2 (6.5-15.9)

36
55

6.1 (4.4-8.4)
9.3 (7.1-12.1)

214
346

5.5 (4.8-6.3)
8.9 (8.0-9.9)

7.5 (4.4-12.6)

47

8.0 (6.0-10.6)

308

7.9 (7.1-8.9)

5.3 (2.9-9.9)

26

4.4 (3.0-6.5)

213

5.5 (4.8-6.3)

-

25

4.2 (2.9-6.3)

117

3.0 (2.5-3.6)
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Table 2 Association of neonatal phototherapy and untreated jaundice with risk of childhood
cancer1
Hazard ratio (95% confidence interval)
2 month latency
1 year latency
1
Unadjusted
Adjusted
Unadjusted
Adjusted1
Phototherapy vs. no exposure
Any cancer
1.16 (0.86-1.55)
1.19 (0.90-1.58)
1.29 (0.93-1.77)
1.34 (0.99-1.83)
Any solid tumour
1.28 (0.90-1.82)
1.15 (0.80-1.66)
1.45 (0.98-2.14)
1.36 (0.91-2.02)
Brain/central nervous system
tumour
1.35 (0.79-2.32)
1.48 (0.89-2.46)
1.38 (0.75-2.55)
1.67 (0.97-2.89)
Other solid tumour
1.13 (0.71-1.80)
0.86 (0.51-1.44)
1.35 (0.82-2.24)
1.00 (0.56-1.78)
Any hematopoietic cancer
0.94 (0.55-1.61)
1.25 (0.79-1.98)
1.04 (0.59-1.81)
1.32 (0.81-2.14)
Acute lymphoblastic leukemia
0.97 (0.52-1.83)
1.39 (0.81-2.38)
1.03 (0.55-1.94)
1.47 (0.86-2.53)
Lymphoma and other leukemias 0.71 (0.26-1.91)
0.84 (0.36-1.97)
0.78 (0.25-2.46)
0.72 (0.24-2.14)
Phototherapy vs. untreated
jaundice
Any cancer
1.07 (0.77-1.49)
1.11 (0.80-1.54)
1.16 (0.81-1.10)
1.20 (0.84-1.71)
Any solid tumour
1.13 (0.76-1.68)
1.05 (0.70-1.60)
1.24 (0.79-1.93)
1.20 (0.75-1.88)
Brain/central nervous system
tumour
1.21 (0.65-2.23)
1.26 (0.70-2.28)
1.16 (0.58-2.32)
1.42 (0.75-2.71)
Other solid tumour
1.05 (0.63-1.78)
0.89 (0.49-1.59)
1.26 (0.70-2.24)
0.99 (0.51-1.90)
Any hematopoietic cancer
0.93 (0.51-1.69)
1.19 (0.70-2.03)
1.00 (0.54-1.87)
1.19 (0.68-2.09)
Acute lymphoblastic leukemia
1.21 (0.58-2.51)
1.66 (0.86-3.21)
1.22 (0.59-2.52)
1.69 (0.86-3.22)
Lymphoma and other leukemias 0.49 (0.17-1.41)
0.60 (0.24-1.53)
0.50 (0.15-1.69)
0.44 (0.14-1.43)
Untreated jaundice vs. no
exposure
Any cancer
1.09 (0.91-1.30)
1.07 (0.89-1.30)
1.11 (0.91-1.36)
1.12 (0.91-1.39)
Any solid tumour
1.14 (0.91-1.42)
1.09 (0.86-1.38)
1.18 (0.91-1.52)
1.14 (0.87-1.49)
Brain/central nervous system
tumour
1.12 (0.79-1.60)
1.17 (0.82-1.67)
1.19 (0.81-1.75)
1.18 (0.79-1.76)
Other solid tumour
1.08 (0.81-1.43)
0.96 (0.71-1.31)
1.08 (0.77-1.51)
1.01 (0.71-1.44)
Any hematopoietic cancer
1.01 (0.75-1.38)
1.05 (0.77-1.44)
1.03 (0.74-1.44)
1.11 (0.80-1.56)
Acute lymphoblastic leukemia
0.80 (0.54-1.21)
0.84 (0.55-1.28)
0.85 (0.56-1.28)
0.88 (0.58-1.35)
Lymphoma and other leukemias 1.44 (0.93-2.21)
1.39 (0.89-2.18)
1.55 (0.94-2.56)
1.62 (0.97-2.71)
1
Adjusted for maternal age, gestational age, birth weight, multiple birth, cesarean section,
infant sex, congenital anomaly, socioeconomic deprivation, place of residence, and birth year.
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Table 3 Association of neonatal phototherapy and untreated jaundice with childhood cancer
after different age cutoffs

Phototherapy vs. no
exposure
Any cancer
Any solid tumour
Brain/central nervous
system tumour
Other solid tumour
Any hematopoietic
cancer
Acute lymphoblastic
leukemia
Lymphoma and other
leukemias
Phototherapy vs. untreated
jaundice
Any cancer
Any solid tumour
Brain/central nervous
system tumour
Other solid tumour
Any hematopoietic
cancer
Acute lymphoblastic
leukemia
Lymphoma and other
leukemias
Untreated jaundice vs. no
exposure
Any cancer
Any solid tumour
Brain/central nervous
system tumour
Other solid tumour
Any hematopoietic
cancer
Acute lymphoblastic
leukemia
Lymphoma and other

Hazard ratio (95% confidence interval)1
Age 2-11 years Age 3-11 years Age 4-11 years Age 5-11 years

Age 6-11 years

1.61 (1.16-2.22) 1.79 (1.23-2.61) 2.21 (1.47-3.34) 2.53 (1.56-4.10)
1.69 (1.11-2.57) 2.05 (1.30-3.24) 2.26 (1.34-3.81) 2.80 (1.54-5.09)

2.76 (1.53-4.96)
3.52 (1.80-6.89)

2.09 (1.18-3.69) 2.47 (1.34-4.57) 3.01 (1.52-5.98) 4.80 (2.36-9.77)
1.23 (0.67-2.28) 1.51 (0.77-2.97) 1.59 (0.71-3.58) 1.18 (0.36-3.89)

5.34 (2.34-12.19)
1.90 (0.57-6.38)

1.49 (0.89-2.50) 1.41 (0.73-2.72) 2.14 (1.10-4.15) 2.11 (0.92-4.85)

1.53 (0.44-5.30)

1.56 (0.88-2.79) 1.29 (0.60-2.79) 2.09 (0.96-4.56) 1.65 (0.55-4.93)

-

0.93 (0.30-2.95) 1.31 (0.38-4.52) 1.79 (0.51-6.25) 2.82 (0.79-10.12) 3.76 (1.02-13.82)

1.54 (1.04-2.27) 1.68 (1.07-2.65) 2.21 (1.31-3.69) 2.03 (1.12-3.69)
1.61 (0.97-2.65) 1.97 (1.12-3.46) 2.21 (1.15-4.26) 1.90 (0.92-3.89)

1.93 (0.95-3.92)
2.11 (0.93-4.75)

1.86 (0.93-3.74) 2.29 (1.05-5.00) 2.48 (1.04-5.92) 2.74 (1.12-6.69)
1.35 (0.65-2.78) 1.62 (0.71-3.65) 1.81 (0.67-4.87) 0.89 (0.24-3.34)

2.45 (0.91-6.63)
1.42 (0.35-5.84)

1.41 (0.76-2.61) 1.23 (0.58-2.65) 2.07 (0.90-4.74) 2.38 (0.82-6.94)

1.47 (0.34-6.39)

1.75 (0.86-3.57) 1.27 (0.52-3.12) 2.19 (0.82-5.90) 2.00 (0.51-7.95)

-

0.63 (0.18-2.20) 0.85 (0.22-3.34) 1.13 (0.27-4.69) 1.96 (0.41-9.24)

2.33 (0.46-11.68)

1.04 (0.81-1.34) 1.07 (0.79-1.43) 1.00 (0.70-1.44) 1.24 (0.82-1.88)
1.05 (0.76-1.46) 1.04 (0.71-1.53) 1.02 (0.65-1.62) 1.48 (0.90-2.43)

1.43 (0.88-2.34)
1.67 (0.93-3.00)

1.12 (0.70-1.80) 1.08 (0.62-1.89) 1.22 (0.64-2.31) 1.75 (0.88-3.51)
0.91 (0.59-1.41) 0.94 (0.56-1.57) 0.88 (0.46-1.69) 1.33 (0.66-2.67)

2.18 (1.01-4.71)
1.34 (0.55-3.23)

1.06 (0.72-1.55) 1.14 (0.72-1.79) 1.04 (0.58-1.84) 0.89 (0.41-1.91)

1.05 (0.42-2.61)

0.89 (0.56-1.43) 1.02 (0.60-2.79) 0.95 (0.48-1.91) 0.82 (0.32-2.08)
1.49 (0.81-2.73) 1.54 (0.75-3.19) 1.58 (0.68-3.66) 1.44 (0.49-4.25)

0.86 (0.25-2.98)
1.62 (0.49-5.32)
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leukemias
1

Adjusted for maternal age, gestational age, birth weight, multiple birth, cesarean section,

infant sex, congenital anomaly, socioeconomic deprivation, place of residence, and birth year.
Results reflect the average risk of cancer between different age cutoffs and 11 years of age.
We stopped at 6-11 years because the number of children with longer follow-up did not
provide adequate statistical power.
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Novelty & Impact Statement:

While phototherapy is widely used to treat neonatal jaundice, it can induce oxidative stress and DNA
damage. Whether these factors raise the risk for subsequent development of childhood cancer remains
uncertain. Here, associations between phototherapy and childhood cancer risk were investigated among
infants born between 2006 and 2016 in Quebec, Canada. Childhood cancer incidence was found to be
elevated among phototherapy-treated infants and infants with untreated jaundice. Phototherapy
appeared to be associated in particular with solid tumors that developed later, between ages 4 and 11.
Closer study is needed to disentangle the potentially carcinogenic effects of phototherapy from
hyperbilirubinemia.
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