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Abstract

Background—Increased headache prevalence was recently reported in survivors of childhood 

ALL. Headache sub types, related morbidity, and effect on quality of life has not been reported 

thus far

Objective—To study headache prevalence and type, related disability, and quality of life in a 

cohort of childhood acute lymphoblastic leukemia (ALL) survivors.

Methods—Childhood ALL survivors in at least 1 year of remission and 5 years from diagnosis 

completed questionnaires and were evaluated by a neurologist. Disability was evaluated with 

Pediatric Migraine Disability Assessment scale and the Short Form-36 Health Survey assessed 

quality of life.
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Results—Thirty nine of 72 (54%) females and 37 of 90 (41%) males reported headaches. 

Median time from ALL diagnosis to first headache was 5.2 years and median age at headache 

onset was 10.1 years in 76 participants with headache. Migraine headaches were diagnosed in 51 

(31%) and episodic tension-type headaches in 49 (30%); migraine and tension-type headaches co-

existed in 24 (15%) and 18 (11%) participants had chronic daily headaches. Fatigue was 

associated with migraine headache while hypertension and female gender associated with tension 

type headache. Headache-related disability was mild in 22 (29%), moderate in 7 (9%), and severe 

in 5 (7%) survivors, and was absent in the remaining 42 (55%) survivors with headache. Both 

migraine and tension type headaches associated with reduced mental component scores, while 

headache related disability associated with a reduced physical component scores.

Conclusions—Headaches are common in ALL survivors but only a minority has significant 

disability or impairment of quality of life.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy and 3000–

4000 children are diagnosed with ALL every year.1 Development of more effective therapy, 

and advances in supportive care have substantially improved the outcomes of children with 

ALL, with cure rates of >85% even without the use of radiation therapy.2 Nevertheless, all 

children with ALL are treated with potentially neurotoxic drugs, both intravenous and 

intrathecal.

As the survival rates for children treated for ALL increase, recognition, prevention and 

optimal management of late toxicities of therapy becomes even more important. Late effects 

of therapy for childhood leukemia include both neurotoxicity and psychosocial effects.3 

Neurologic complications may include leukemic involvement of the leptomeninges and 

brain parenchyma, white matter lesions, small-vessel calcifications, cerebrovascular 

disorders, secondary tumors, and infections.4–6 Late neurologic outcomes among 4,151 adult 

survivors of childhood ALL were recently reported by the Childhood Cancer Survivor Study 

(CCSS) and headache was the most common neurologic condition (cumulative incidence of 

21% at 20 years).7 Utilization of a self-reported questionnaire and lack of direct physician 

input prevented CCSS investigators from qualifying different headache syndromes. 

Additionally, the headache-related disability and association with quality of life could not be 

explored.

The primary aim of our study was to prospectively evaluate the neurologic symptoms and 

signs in a large cohort of ALL survivors. Secondary aims included studying risk factors for 

neurologic symptoms, assessing disability associated with neurologic symptoms, and effect 

on health related quality of life. In this paper we report results on headache and related 

morbidity in long-term ALL survivors.
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METHODS

Participants

Children treated at St. Jude Children’s Research Hospital (St. Jude) are followed after 

completion of therapy for at least 10 years and at least until 18 years of age. This 

prospective cross sectional study was approved by the Institutional Review Board. Study 

eligibility required cancer to be in remission for a year, treatment on institutional protocol, 

and at least five years from their original ALL diagnosis. Survivors were recruited during 

their routine annual follow-up visits. All participants were English speaking and did not 

have pre-existing neurologic disorder which could have affected study results. Written 

informed consent was obtained from participants when 18 years of age or older, and from 

the parents or guardians when younger, with assent from the child participant as appropriate.

About 432 potential participants visited the institution from December 2005 to October 

2008. Of these, 260 could be invited to participate based on the availability of study 

personnel and coordination of patient schedules and 232 agreed to participate. However, 58 

could not be scheduled due to participant’s or physician’s schedule (Figure 1). Thus, 162 

(80%) of 202 available survivors could be enrolled over a three year period. As reported 

previously,8 there were no statistically significant differences in demographic or treatment 

variables between 162 participants and 270 non-participants.

Study Measures

Headache Diagnosis—After enrollment, a trained study personnel administered the 

questionnaire, with the patient serving as the primary respondent and a parent corroborating 

information when needed. This was followed by a face to face interview and structured 

neurologic examination performed by a board-certified neurologist with special expertise in 

childhood cancer. The questionnaire consisted of items designed to establish the presence of 

headache, to further characterize the headache, and to determine the degree of impairment 

resulting from the headache. The International Headache Society criteria were used to 

classify headache type (Table 1).9 Specific headache syndrome diagnosis was made by study 

neurologists based upon responses to the questionnaire and face to face assessment. 

Headaches were divided into three groups: migraine headaches; tension type headaches; and 

chronic headaches. To be diagnosed as chronic, headache had to be present ≥15 days of each 

month for the last three consecutive months. Probable migraines (n=12) per criteria were 

diagnosed as migraine headaches and frequent and infrequent tension type headaches were 

combined into one group as episodic tension type headaches.

Study variables—Demographic and treatment related variables of interest are provided in 

Table 2. Fatigue was defined as per the criteria suggested by Cella et al for cancer patients.10 

This included a screening question if significant fatigue, diminished energy, or increased 

need to rest that was not related to any recent activity was experienced in at least 15 days of 

the last month. In case of an affirmative answer, at least 5 of the 10 subsequent questions 

had to be answered in affirmative for cancer related fatigue diagnosis.
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Pediatric Migraine Disability Assessment Scale (PedMIDAS)—The PedMIDAS 

tool was used to assess the headache related disability. PedMIDAS is a 6-item questionnaire 

evaluating the impact of headache on school, home, and social activity.11,12 Headache 

related disability was calculated as follows: a total score of 0–5 = minimal or infrequent 

disability; 6–10 = mild disability; 11–20 = moderate disability; and ≥ 21 = severe disability.

The Medical Outcome Survey Short Form-36 (SF-36)—The physical component 

summary and mental component summary, as well as individual subscales were used to 

assess headache-related quality of life. The SF-36 is a widely used generic health profile 

with extensive age and gender specific norms.13 The SF-36 provides subscale scores for 8 

domains of quality of life: vitality, social functioning, role emotional (emotional symptoms 

affecting daily activities and work), and mental health comprise mental component score; 

while physical functioning, role physical (physical function affecting daily activities and 

work), bodily pain, and general health comprise physical component score. Raw scores from 

SF-36 are converted to T-scores with a population mean of 50 and standard deviation of 10. 

For this study, a T-score ≤40 was considered an indication of an impaired quality of life.

Statistical Analyses

Means and standard deviations were calculated for age at diagnosis, time from diagnosis, 

and time from cancer treatment. Contingency tables were developed for demographic, 

clinical variables and headache issues (any headache, migraine headache, tension type 

headache, and headache-related disability). Univariable logistic regression analysis was used 

to assess their associations (Table 3). This study was exploratory in nature and no correction 

was made for multiple statistical testing. The variables with p-values less than 0.1 were 

entered in a multivariate logistic regression model and significant variables are presented in 

Table 4. The 15 survivors who had headache starting before cancer diagnosis were excluded 

from the above analysis so that cancer related risk factors could be identified. All study 

participants (n=162) were included in the univariate logistic regression analysis of the 

association between headache (any headache, migraine headache, tension type headache, 

and headache-related disability) and quality of life (Table 5). SAS version 9.2 (SAS 

Institute, Cary, NC) was used for all analyses.

RESULTS

Demographics and clinical features

Median age at study enrollment was 15.7 years (range 6.9– 29.0 years) and a median age at 

ALL diagnosis was 3.9 years (range 0.4–18.6 years). At the time of participation, 29 

(17.9%) survivors were at least 21 years of age. Median follow-up since cancer diagnosis 

was 10.2 years (range 5–22.7 years). Median follow-up since completion of therapy was 7.4 

years (range 1.9– 20.3 years). The prevalence rate of headache in 162 participants was 39 of 

72 (54%) females and 37 of 90 (41%) males. However, prevalence changed to 32 of 65 

(49.2%) females and 29 of 82 (35.4%) males if 15 survivors with headache prior to ALL 

diagnosis were excluded. The median age at onset of headache was 10.1 years (range 3.9–28 

years). Table 2 summarizes the demographic and clinical variables in 147 ALL participating 

survivors (excluding 15 with headache onset prior to ALL diagnosis). The median time from 
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diagnosis of ALL to the onset of the first headache in the 61 survivors who developed 

headache after diagnosis of ALL was 5.4 years (range 0.0–15.8 years). Headache onset was 

more than two years from diagnosis of ALL in 51 (84%) survivors with headache after ALL 

diagnosis.

Headache characteristics

Migraine headaches were diagnosed in 51 (31%) of the 162 participants, of whom 24 (15%) 

experienced an aura as well. Auras were visual in 18, vertigo in 11, and sensorimotor in 4; 

more than one type of aura was experienced by 13 participants. Autonomic symptoms such 

as redness or droopiness of eye, lacrimation and rhinorrhea were reported by 3 survivors 

while 20 experienced frequent nausea during a headache. No survivor reported syncope with 

their headaches. Episodic tension-type headaches were diagnosed in 49 (30%) survivors. In 

76 survivors with headache, both migraine headaches and episodic tension-type headaches 

co-existed in 24 (15%) survivors and 18 (11%) survivors had chronic headaches; 10 had 

tension-type and 8 migraine type chronic headache.

Headache lasted less than 4 hours when not using abortive treatment in 55 survivors (72% of 

headache patients). Non-steroidal anti-inflammatory drugs for abortive treatment were used 

by 49 participants: acetaminophen by 46, triptans by 3, and other over-the-counter 

medications by 6; bed rest was additionally employed by 65. With abortive treatment, 59 

(78% of headache survivors) reported resolution within 2 hours of headache onset.

Of the 76 survivors who experienced headaches, 51 (67%) had never consulted a physician 

for their headaches and 6 (8%) had visited hospital emergency room for severe headache 

over the last 12 months. On a pain scale of 1–10, 36 (47% of headache patients) reported an 

intensity of 7–8 for their worst headaches and 31 (41% of headache patients) an intensity of 

9–10. Finally, a maternal family history of headache was reported by 34 (45% of headache 

patients), paternal family history in 9 (12% of headache patients), and both in 6 (8% of 

headache patients).

Risk factors for headache

Cancer related risk factors for headache and related disability were studied in survivors 

developing headache after ALL diagnosis (n=61) and are provided in Tables 3 and 4. In 

univariate analyses, fatigue was associated with presence of any headache, migraine 

headaches, and increased headache related disability. Presence of hypertension was 

associated with tension type headaches. Female sex trended to be associated with any 

headache, migraine, and tension type headaches. In multivariate analyses, fatigue was 

significantly associated with any headache, migraine headaches, and increased headache-

related disability (Table 4). Female gender and hypertension increased the risk of tension 

type headaches. Multivariate logistic regression analyses showed no significant association 

between presence of headache and its related disability with age at cancer diagnosis, history 

of leukemia relapse, use of high dose methotrexate (>5 gm/m2), number of intrathecal 

chemotherapy infusions, and body mass index.
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Headache-related disability

Disability was studied in all 76 survivors with headaches: 13 (17%) reported a frequent need 

to interrupt activities during a headache, 36 patients (47%) occasionally interrupted 

activities during a headache, and 27 (36%) did not need to restrict physical activity during a 

headache. The PedMIDAS score of the 76 survivors with headaches revealed no headache-

related disability in 42 (55%), mild disability in 22 (29%), moderate disability in 7 (9%), 

and severe disability in 5 (7%) survivors. Presence of fatigue was associated with moderate 

to severe headache-related disability in both univariate and multivariate analysis.

Headache-related quality of life

Data on quality of life was collected on 141 of 162 survivors (Table 5). Overall, the mean 

mental component summary T-score was 53.8 (range 21.4 to 67.7) and 11 survivors had a 

score ≤40 indicating impaired quality of life. Mean physical component summary T-score 

was 52.4 (range 27.3 to 62) with 11 participants scoring ≤40.

Presence of any headache, migraine, tension-type headache and increased headache 

disability associated with a decrease in the mental component score and mental subscales of 

vitality, role emotional, and mental health; social functioning subscale was not affected 

(Table 5). Only increased headache related disability associated with a reduced physical 

component score. Migraine headaches did not associate with physical component score but 

did associate with impaired subscales of physical functioning, role physical, bodily pain, and 

general health. General health subscale was also affected by increased headache-related 

disability.

DISCUSSION

This is the first study of headache in cancer survivors where an investigator administered 

questionnaire was followed by a face to face evaluation by a neurologist. This makes the 

results of this study much more robust compared to studies that rely only on self-reported 

questionnaires. Under or over reporting of a symptom is a recognized weakness of self-

reported questionnaire methodology.14 Administration of the questionnaire by an 

investigator and evaluation by a neurologist also helped define headache syndromes. Results 

of this study are also unique as they not only define headache syndromes in ALL survivors, 

but also their impact on participant’s day to day activities and quality of life.

CCSS reported an increased headache prevalence relative to control group in long-term 

survivors of childhood ALL.7 This report confirms CCSS report of high headache 

prevalence in ALL survivors and also adds to the CCSS study by differentiating headache 

syndromes, by defining headache-related disability and its impact on quality of life. The 

difference in prevalence between the two studies may be explained by several 

methodological differences. The CCSS questionnaire began with the screening question 

“Have you ever been told by a doctor or other health care professional that you have or have 

had a headache?” A majority (67%) of survivors with headache in our study never sought 

physician assistance for headache diagnosis or management, which suggests that lack of 

physician contact may have resulted in under diagnosis of headaches in CCSS participants. 
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CCSS also reported only severe headache and we also included mild and moderate 

headaches as well. Additionally, differences in cohort size, age of participants (15.7 versus 

20.2 years) and the length of follow-up (10.2 versus 14.1 years) may account for some of the 

disparity in headache prevalence. Similar to the CCSS, the majority of our participants also 

developed late-onset headaches. Lack of physician contact in most epidemiological studies 

of headache in general population also makes comparison difficult.

Prevalence of any headache in the current study is not much different to that reported in the 

general population without cancer.15 However, migraine headaches are much more 

prevalence in our cohort is much high compared to general population for (31% versus 7–

9%),15,16 tension-type headaches (30% versus 10–25%),17 and chronic headaches (11% 

versus 3.5%).18 White and gray matter changes are well recognized in cancer survivors 

treated with chemotherapy with or without radiation treatment.19,20 Higher prevalence of 

headache in ALL survivors suggests that there may be unrecognized cancer and its 

treatment-related factors that influence the development of headaches, possibly by altering 

headache triggering structures in the central nervous system.

Mental and emotional quality of life was affected by migraine and tension-type headaches, 

as well as severe headache related disability, while only severe headache related disability 

associated with impairment of physical quality of life. However, migraine headaches did 

associate with impairment of subscales of physical component score of SF36. Our study also 

suggests that majority of childhood ALL survivors have generally low headache related 

disability and fairly preserved quality of life, and they mostly do not discuss their headaches 

with their physicians.

Although CCSS found an increased risk of headache with prior radiation therapy in ALL 

survivors and younger age (less than 10 years) at diagnosis of ALL,7,21 we did not find 

headaches associating with any specific treatment modality. Our finding of possible 

association of female gender with headaches is consistent with their results. We did find a 

strong association between presence of fatigue and all modalities of headache and related 

disability, we are not certain whether there is a cause and effect relationship, or it merely 

represents a co-existence of two common neurologic symptoms in ALL survivors. 

Hypertension correlated with tension type headaches and relationship between headaches 

and hypertension is also recognized in non-cancer population.22 Underlying mechanism is 

unclear and may be related to analgesia overuse.23 Unfortunately, data regarding frequency 

of analgesia use was not collected in this study.

Results of our study should be interpreted with caution because of relatively small cohort 

when compared to epidemiological studies of headache in general population. Lack of racial 

diversity, absence of control group, and being a single institution study limits its 

generalizability as well. P-values >0.01 should also be read with caution as we did not 

correct for multiple statistical testing. However, the high prevalence of headache that we 

observed is consistent with the results of CCSS and this suggests that our results may be 

generalizable to other ALL survivors. Our study also makes an important contribution to the 

literature by qualifying headache types and their impact on survivor’s quality of life.
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CONCLUSION

As seen from this study, migraine and tension-type headaches are common in ALL 

survivors, many of whom experience both. Headache related disability and impairment of 

quality of life is absent or mild in a majority of childhood ALL survivors. Caregivers should 

actively seek headache symptoms in childhood ALL survivors, ascertain its severity, and 

offer appropriate therapy once a specific headache syndrome is recognized. This study 

confirms earlier finding of higher prevalaence of headache in childhood ALL survivors. 

Further research is needed to understand cancer and its treatment related factors that 

contribute to pathophysiology of headaches in ALL survivors.
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Figure 1. Recruitment and participation of patients
Consort diagram of accrual of patients based on eligibility with inclusion criteria for 

recruitment. The actual evaluable participants are those who agreed to participate, did not 

have scheduling conflicts, or who did not miss their appointments.
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Table 1

Diagnostic criteria for headache types

Variable Migraine headache Tension-type
Headache

Chronic headache

Number of headaches >5 >10 15 days/month for 3 months

Duration >1 hour >30 minutes >30 minutes

LocationA Unilateral Bilateral Any

QualityA Throbbing Non-throbbing Any

IntensityA Moderate to severe Mild to moderate Any

ActivityA Increases No affect Any

Nausea / vomitingB Present Absent Any

Photo / phonophobiaB Both present None or one present Any

A
presence of at least two elements required to diagnose migraine or tension type headaches

B
One element required to diagnose migraine headaches and both needed to be present for the diagnosis of tension type headache.
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Table 3

Risk factors for headache and headache-related disability on univariate analyses

Variable Any headache
Odds Ratio
(95% CI)

Migraine
Odds Ratio
(95% CI)

Tension type
Odds Ratio
(95% CI)

DisabilityA
Odds Ratio
(95% CI)

Female vs. Male 1.77 (0.91 – 3.44)* 1.95 (0.94 – 4.04)* 1.97 (0.93 – 4.19)* 1.12 (0.49 – 2.55)

Older vs. Younger age at cancer diagnosis 1.0 (0.92 – 1.09) 0.93 (0.84 – 1.03) 1.01 (0.92 – 1.11) 1.02 (0.92 – 1.13)

Leukemia relapse 1.06 (0.23 – 4.92) 1.04 (0.19 – 5.56) 0.48 (0.06 – 4.14) 1.75 (0.32 – 9.55)

CNS leukemia 1.2 (0.57 – 2.52) 0.9 (0.39 –2.07) 1.84 (0.82 – 4.14) 0.42 (0.13 – 1.29)

Radiation treatment 1.34 (0.53 – 3.38) 1.04 (0.37 – 2.9) 1.6 (0.59 – 4.33) 1.89 (0.66 – 5.42)

Methotrexate (≥5 vs. < 5 gm/m2) 1.51 (0.63 – 3.63) 1.71 (0.68 – 4.28) 0.75 (0.26 – 2.17) 2.0 (0.74 – 5.42)

Intrathecal chemotherapy (≥ 10 vs. <10 doses) 1.08 (0.56 – 2.09) 1.25 (0.61 – 2.57) 0.61 (0.29 – 1.3) 1.45 (0.63 – 3.33)

Body mass index (Overweight vs. normal) 1.11 (0.49 – 2.52) 0.82 (0.33 – 2.04) 1.27 (0.51 – 3.19) 0.63 (0.21 – 1.93)

Body mass index (Obese vs. normal) 1.34 (0.62 – 2.94) 1.01 (0.43 – 2.37) 1.22 (0.5 – 2.95) 1.11 (0.43 – 2.84)

HypertensionB (Pre / definite vs. normal) 1.07 (0.42 – 2.72) 0.24 (0.05 – 1.06)* 2.63 (1.0 – 6.86)** 1.0 (0.31 – 3.24)

Seizures 2.31 (0.78 – 6.87) 1.33 (0.43 – 4.17) 1.56 (0.5 – 4.91) 1.64 (0.48 – 5.58)

Fatigue 2.85 (1.23 – 6.6)** 2.61 (1.12 – 6.09)** 1.45 (0.59 – 3.54) 3.63 (1.46 – 9.01)**

A
headache related disability assessed by PedMIDAS

CI: 95% confidence interval

*
p-value >0.05 and ≤ 0.1

**
p-value ≤ 0.05

vs:versus

CNS: central nervous system

B
as diagnosed at the time of enrollment.

Eur J Paediatr Neurol. Author manuscript; available in PMC 2015 November 01.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Sadighi et al. Page 15

Table 4

Risk factors for headache on multivariate logistic regression analyses

Variable Odds ratio
(Confidence Interval)

p-value

Any headache
  Fatigue

2.83 (1.21 – 6.6) 0.02

Migraine headache
  Fatigue

2.54 (1.07 – 6.03) 0.03

Tension-type headache
  Female gender
  Hypertension

2.56 (1.13 – 5.81)
3.67 (1.3 – 10.35)

0.02
0.01

Moderate-severe headache disability
Fatigue

  3.63 (1.46 – 9.01) 0.01

CNS: central nervous system
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Table 5

Headache and headache type as risk factors for quality of life on univariate analysis

SF 36 scale Headache type OR (95% CI) p-value

Mental Health Component Any HA 6.03 (1.24,29.33) 0.03

Migraine HA 8.32 (2.05,33.78) <0.0001

Tension-type HA 7.14 (1.77,28.85) 0.01

HA disability 5.31 (1.46,19.22) 0.01

Vitality Any HA 2.4 (1.07,5.38) 0.03

Migraine HA 2.23 (0.97,5.13) 0.06

Tension-type HA 2.52 (1.11,5.71) 0.03

HA disability 2.46 (0.99,6.08) 0.05

Social functioning Any HA 0.75 (0.31,1.83) 0.53

Migraine HA 1.24 (0.48,3.2) 0.65

Tension-type HA 1.23 (0.49,3.08) 0.66

HA disability 1.22 (0.43,3.43) 0.71

Role emotional Any HA 3.48 (0.87,13.84) 0.08

Migraine HA 5.12 (1.39,18.86) 0.01

Tension-type HA 4.43 (1.21,16.25) 0.02

HA disability 2.18 (0.59,8.13) 0.24

Physical Component Score Any HA 2.17 (0.6,7.87) 0.24

Migraine HA 3.38 (0.95,11.97) 0.06

Tension-type HA 1.27 (0.35,4.64) 0.72

HA disability 5.31 (1.46,19.22) 0.01

Physical functioning Any HA 1.5 (0.43,5.19) 0.52

Migraine HA 3.48 (0.99,12.24) 0.05

Tension-type HA 0.44 (0.09,2.16) 0.31

HA disability 2.34 (0.63,8.66) 0.2

Role physical Any HA 1.9 (0.63,5.73) 0.25

Migraine HA 3.34 (1.1,10.11) 0.03

Tension-type HA 2.88 (0.96,8.66) 0.06

HA disability 2.73 (0.87,8.57) 0.08

Bodily pain Any HA 3.09 (0.91,10.47) 0.07

Migraine HA 3.67 (1.17,11.51) 0.03

Tension-type HA 1.64 (0.53,5.1) 0.4

HA disability 6.45 (1.99,20.85) <0.001

General health Any HA 2.92 (0.85,10.05) 0.09

Migraine HA 3.31 (1.03,10.62) 0.04

Tension-type HA 1.96 (0.61,6.25) 0.26

HA disability 3.84 (1.17,12.59) 0.03

Mental health subscale not analyzed because of only 5 participants reporting abnormality.
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HA: headache

SF 36:short form 36 quality of life questionnaire

A: ≤40 score of short form 36 measure means impaired quality of life

B: headache related disability as measured by PedMIDAS instrument

OR: odds ratio

CI: 95% confidence interval
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