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CHAPTER 7

SUMMARY AND GENERAL DISCUSSION



The studies in this thesis report on the outcomes of a double blind, randomized controlled
trial (RCT) of light therapy in Hodgkin Lymphoma (HL) and Diffuse Large B-cell lymphoma
(DLBCL) survivors with persistent moderate to severe fatigue since diagnosis. We evaluated the
short- and long-term efficacy of light therapy on improving fatigue after cancer and associated
symptoms including sleep quality, depression, anxiety, quality of life, cognitive complaints,
cognitive functioning, and circadian rhythms of sleep-wake cycles, melatonin, and cortisol.
In addition, we described a psychometric evaluation of one of the primary outcomes, the
Multidimensional Fatigue Inventory (MFI) in the general Dutch population. We also reported
on the associations of chronotype with cancer-related fatigue (CRF) and sleep quality with
CRF. This chapter summarizes our main findings in part 1. In part 2, we discuss our results
with respect to the current literature and report on methodological considerations, overall
conclusions, clinical implications, and implications for future research.

PART 1: SUMMARY

Chapter 1 introduces the need for an effective treatment for cancer-related fatigue for HL and
DLBCL survivors. In the Netherlands, the BETER consortium offers a healthcare infrastructure
for survivorship care after a HL and DLBCL diagnosis. Within this consortium, survivors are
informed about late adverse effects of treatment and offered screening and timely treatment.
Cancer-related fatigue (CRF) is one of the most reported symptoms by HL and DLBCL survivors
to radiation-oncologists and hematologists in this consortium. The prevalence rates range
between 41 to 61 percent compared to a prevalence of moderate to severe fatigue of 23 to
28 percent in the general Dutch population. Although the etiology of CRF is unknown, it is
suggested that CRF results from multiple factors covering demographic, medical, psychosocial,
behavioral, and biological factors. An example of a biological factor is circadian rhythm
disruptions. Despite its high prevalence, evidence-based treatments for CRF are limited (i.e.
cognitive behavioral therapy or physical exercise) and are not effective for all survivors suffering
from CRF (these therapies require a high motivation from patients). Therefore, it is important
to investigate alternative treatments, for example light therapy. When the research described
in this thesis started, two pilot studies in breast cancer patients receiving chemotherapy (n =39)
and cancer survivors (n = 36) showed promising effect of light therapy as a treatment for CRF.
Moreover, secondary analyses indicated that light therapy affected symptoms associated with
CRF including circadian sleep-wake cycles and quality of life. Therefore, it was hypothesized
that light therapy reduced fatigue through a restorative effect on circadian rhythms. Despite
the positive effects in these pilot studies, there were limitations including small sample sizes
and short follow up times (up to three weeks post-intervention) and questions remained about
the mechanisms of action that explain the positive effect of light therapy. Hence, replication
of these results in a sufficiently powered randomized controlled trial and the investigation of
possible mechanisms of action were necessary.

Chapter 2 describes the rationale and design of the SPARKLE study, where we aimed
to examine the efficacy of light therapy on improving CRF. Participants were recruited from
10 community and academic hospitals. Eligible survivors were randomly assigned to exposure
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to bright white light (BWL; intervention) or exposure to dim white light (DWL; control).
Participants were instructed to use light therapy within 30 minutes after awakening for a
duration of 30 minutes on 25 consecutive days. Primary outcomes included fatigue and work
and social adjustments caused by this fatigue. Secondary outcomes included depression,
anxiety, quality of life, sleep quality, circadian rhythms of sleep-wake cycles, melatonin, cortisol,
cognitive complaints and cognitive functioning. Outcome measures were assessed at baseline
(TO), immediate post-intervention (T1), and at three (T2) and nine (T3) months follow-up.
Survivors in the DWL group were offered BWL after completion of the T3 assessment. Based on
this study design, it was possible to replicate the promising effect of light therapy on CRF in a
sufficiently powered trial, investigate the long-term effect of light therapy on CRF and explore
potential mechanisms of action.

Chapter 3 reports the findings of the SPARKLE study. In total, 166 HL and DLBCL survivors
with a mean age of 46 and a mean survivorship of 13 years participated. Compliance rates
were high with a mean use of light therapy of 23 days. There were no significant differences
between BWL and DWL in the reduction of fatigue over time. Both BWL and DWL significantly
(p <.001) improved fatigue levels during the intervention which only slightly diminished during
follow-up (ES,, ., =—0.71; ES, ., = 0.15). Similar results were found for depression, sleep quality,
and three aspects of quality of life (role limitations due to physical functioning, energy, and
social functioning). Light therapy had no effect on anxiety, sleep-wake cycles (determined with
actigraphy), and cortisol and melatonin levels. Subgroup analyses on participants who used: 1)
light therapy on all 25 treatment days (n = 56); 2) Luminette glasses (n = 127); or 3) light therapy
during autumn or winter (n = 88) showed similar results and did not change our conclusions.
At the individual patient level, 35 to 63 percent of the survivors showed a clinically relevant
reduction of fatigue at T1, irrespective of condition. This study demonstrates that BWL was not
superior in reducing fatigue compared to DWL. Instead, both groups showed reduced fatigue
levels. Future research is necessary to investigate which elements of the study protocol led to
these condition-independent improvements.

Chapter 4 presents the effect of light therapy on cognitive complaints and cognitive
functioning in long-term HL and DLBCL survivors with CRF. Over one-third of the participants
showed cognitive dysfunction at baseline, specifically in verbal memory where deviant scores
were observed for immediate recall in 34% and delayed recall in 27% of the participants
compared to 16% in the norm population. Neither BWL nor DWL diminished cognitive
complaints or improved cognitive functioning (range p-values .07 to .80; range effect sizes .04
to .29) in the total group of fatigued survivors nor in the subgroup suffering from cognitive
dysfunction. These results indicate that approximately one-third of long-term HL and DLBCL
survivors experience cognitive dysfunctioning. Light therapy does not appear to improve these
complaints. Therefore, we suggest that other cognitive rehabilitation interventions should be
made available to mitigate cognitive dysfunctioning in these survivors.

Chapter 5 presents the results of a psychometric evaluation of the Multidimensional
Fatigue Inventory (MFI), which was one of the primary outcomes of the SPARKLE study. The
original validation study suggested that the MFI measures five domains of fatigue, i.e. general
fatigue, physical fatigue, reduced activity, reduced motivation, and mental fatigue, although
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two four-factor structures also showed acceptable fit. Further validation studies showed
inconclusive results on the factor structure of the MFI. The aim of this psychometric evaluation
was to investigate the scale structure of the MFI in the general Dutch population (n = 2512).
The results of a confirmatory factor analysis did not provide support for the original 5-factor
structure (RMSEA = 0.120, CFl = 0.933, TLI = 0.920). Moreover, we were unable to replicate a
four-factor structure that combined the general fatigue and physical fatigue subscales (RMSEA
=0.122, CFI = 0.928, TLI = 0.917). Adding a general factor to the five- and four-factor model to
create a bi-factor model also did not show acceptable model fit (bi-4-factor: RMSEA = 0.151, CFI
= 0.895, TLI = 0.873; bi-5-factor: RMSEA = 0.153, CFl = 0.894, TLI = 0.871). Exploratory factor
analyses provided no alternative models with an acceptable model fit but seemed to show
robustness in the loading of the original general fatigue items. These results did not provide
empirical support for a four or five (bi-)factor structure of the MFI, nor for an alternative model.
We propose that the most reliable scale of the MFI seems to be the general fatigue scale. This
scale could be used as a general indicator of fatigue.

Chapter 6 reports on the results of a survey study, which was part of the recruitment
for the SPARKLE study. Hence, it was completed by (non-)Hodgkin lymphoma survivors with
and without fatigue. The rationale for this study was based on the ability of light to align
internal circadian rhythms to external rhythm. Although several studies showed that circadian
disruptions in the sleep-wake cycle (more awakenings during the night and more naps during
the day) are associated with CRF in patients with cancer, it is unclear whether the timing of
this rhythm is misaligned from the external rhythm in cancer survivors with CRF. Therefore, we
investigated the associations of chronotype (someone’s preference in the timing of sleep and
wake, i.e. a morning or an evening type) with CRF, and sleep quality with CRF in a survey study.
It was hypothesized that evening types would report higher levels of cancer-related fatigue
compared to morning types. A total number of 458 survivors (50% female) with a mean age
of 50 years completed a VAS fatigue-scale from 0 (no fatigue) to 10 (worst imaginable fatigue),
the Munich Chronotype Questionnaire (MCTQ), and the Pittsburgh Sleep Quality Index (PSQI)
between October 2018 and July 2019. The majority was diagnosed with a HL (71%) and the
mean time since diagnosis was 12 years. Sixty-six percent of our sample reported moderate to
severe fatigue. There was no statistically significant difference for average midsleep time, i.e.
the midpoint between sleep onset and sleep offset that was used to determine chronotype,
between survivors with and without fatigue symptoms. A hierarchical linear regression analysis
was used to evaluate the associations between fatigue and chronotype (based on early,
intermediate, or late average midsleep) in model 1, and fatigue and sleep quality in model
2. The results showed no indications for an association between chronotype and fatigue (all
p-values 2 .50). There were associations between two (out of seven) aspects of sleep quality
and fatigue: subjective sleep quality (p <.001) and daily dysfunctioning (p <.001). Therefore, it
is more likely that CRF in long-term HL and DLBCL survivors is associated with self-reported sleep
quality rather than with chronotype.
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PART 2: GENERAL DISCUSSION

This section describes a general discussion of the studies presented in this thesis. It is divided
in two different parts. The first part covers light therapy for CRF and related symptoms. The
second part covers circadian rhythms and CRF. The buildup of each part is as follows: first, we
discuss our findings in the context of the current literature; thereafter follows a discussion of
methodological limitations and an overview of overall conclusions; and finally, we reflect on
the clinical implications and provide suggestions for future research.

LIGHT THERAPY FOR CANCER RELATED FATIGUE

Comparison with the literature

The rational for the SPARKLE study was based on two pilot studies from Ancoli-Israel et al." in
patients with breast cancer and Redd et al.? in cancer survivors that showed promising effects
of light therapy as a treatment for CRF. Since then, several studies®* on the effect of light
therapy in cancer populations have been published. The sections below provide an overview
of the results of these studies. First, studies that investigated the use of light therapy for CRF
in cancer survivors with fatigue complaints are mentioned. Second, light therapy for cancer
survivors with other symptoms are evaluated. Finally, light therapy for patients with cancer
while receiving treatment are described. An overview of these studies is provided in Table 1.

Light therapy for cancer survivors with cancer-related fatigue
Two studies investigated the use of light therapy for cancer survivors with CRF as a treatment
to reduce fatigue. The first study by Redd et al.? randomly assigned 36 survivors to exposure
to BWL or dim red light (DRL) and used the FACIT-fatigue as primary outcome. The results
showed superiority of BWL over DRL with an effect size of 0.98. The second study by Johnson
et al. studied light therapy in 81 cancer survivorswho met ICD-10 criteria for CRF and compared
exposure to BWL or DRL in a RCT“. Results showed superiority of BWL over DRL for reducing
fatigue symptoms with an effect size of 0.30, indicating that the group exposed to BWL had
a 17 percent larger reduction in fatigue complaints compared to participants exposed to DRL.
Our results showed no superiority of BWL over DWL on reducing fatigue but indicated
that both groups, irrespective of light intensity, reported reduced fatigue (based on a VAS-
scale for fatigue and the general fatigue subscale of the MFI) after completion of the light
therapy protocol (chapter 3). This was an unexpected finding because both Redd et al.? and
Johnson et al.* reported superiority of BWL. However, it is important to notice that Johnson
et al. only observed superiority of BWL for the total score of the Multidimensional Fatigue
Symptom Inventory - short form (MFSI-SF)'. In line with our results, Johnson et al.* showed no
differences between survivors exposed to BWL or DRL for the effect of light therapy on the
five domains of fatigue assessed with the MFSI-sf (general, physical, emotional, and mental
fatigue, and vigor). The total group, irrespective of light intensity, reported clinically relevant
improvements on general, physical, emotional, and mental fatigue. No effect was observed
for vigor. This indicates that the only study showing a convincing superiority of BWL over DRL
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Table 1. Overview of studies on the effect of light therapy in cancer populations

Study? Study Participants Light therapy characteristics
type®
CANCER SURVIVORS WITH CRF
Redd et al. PS Breast, gynecologic, and BWL (n=18) vs DRL (n=18)
(2014)? hematological cancer
survivors Litebook 1.2

Mean survivorship: 17 months

Wu et al.
(2018)°

Johnson et al. RCT Cancer survivors
(2017)*
Mean survivorship: 28 months

Garland et
al. (2020)5

Johnson et
al. (2020)°

30 min within 30 min upon waking, 4
weeks

BWL (n=25) vs DRL (n=19)

BWL (n=42) vs DRL (n=39)
Litebook Elite

30 min within 30 min upon waking, 4
weeks

CANCER SURVIVORS WITH SYMPTOMS OTHER THAN FATIGUE

Kronish etal. PT Cancer survivors with at least
(2019)” mild depressive symptoms

Mean survivorship: N/A

BWL vs DRL
N=8

Litebook Advantage

30 min each morning, 3 weeks of BWL or
DRL, crossover across 12 weeks
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Outcome Instrument Conclusion
Fatigue FACIT-fatigue * BWL showed superiority over DRL for reducing fatigue (effect size
Cohen’s d = 0.98).
* DRL did not reduce fatigue.
Sleep-wake Wrist * BWL showed superiority over DRL for improving sleep efficiency
cycles actigraphy (partial N2 =0.28).
* No effect on total sleep time and wake after sleep onset.
Sleep quality  PSQI * No effect on sleep quality.
Fatigue MFSI-SF Total score:
* BWL showed superiority over DRL for reducing fatigue (effect size
Cohen'’s d = 0.30).
* DRL did reduce fatigue (effect size Cohen’s d = 0.93 compared to d
=1.20 in BWL).
Subscales:
* Improvements on general, physical, emotional, and mental fatigu
over time in both groups.
* No effect on vigor.
Mood POMS-SF * Improvement of mood disturbance over time in both groups.
Depression CES-D * Reduction of depressive symptoms over time in both groups.
Quality of FACT-G * Improvements of QoL over time in both groups.
Life
Insomnia ISI * BWL showed superiority over DRL for improving insomnia.
Sleep quality  PSQI * Improvements of sleep quality over time in both groups.
Sleep-wake Wrist * No effect on sleep onset latency, wake after sleep onset, sleep
cycles actigraphy efficiency, and total sleep time.
Cortisol Diurnal slope ¢ Increased cortisol slopes over time in both groups.
Total cortisol * Increased cortisol output over time in both groups.
output
Depression VAS- ¢ Two individuals reported a decrease, five reported no difference
depression and one reported an increase of depressive symptoms after BWL
(daily) compared to DRL.
Fatigue VAS-fatigue * One individual reported a decrease, six reported no differences, and
(daily) one reported an increase of fatigue after BWL compared to DRL.

(Continued on next page)
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Table 1. (continued)

Study? Study Participants Light therapy characteristics
type®

Fox et al. FS Ovarian and gynecologic Green BL (n=10) vs DRL (n=11)
(2020)® cancer survivors with sleep

disturbances Re-Timer

Mean survivorship: N/A 45 min upon waking, 4 weeks
Rogersetal. FS Adolescent cancer survivors BWL (n=8)
(2020)°

Mean survivorship: 12 months

Litebook Elite

30 min upon waking, 4 weeks

PATIENTS WITH CANCER WHILE RECEIVING CANCER TREATMENT

Ancoli-Israel
et al. (2012)’

Neikrug et
al. (2012)'

Jeste et al.
(2013)"

PS

Breast cancer patients
receiving 4 cycles of
chemotherapy

BWL (n=23) vs. DRL (n=16)
Litebook 1.2

30 min upon waking, 8-12 weeks (4 cycles
of chemotherapy)
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Outcome Instrument Conclusion
Sleep-wake Wrist * Tendency for superiority of BL over DRL on number of nighttime
cycles actigraphy wakenings.
* Tendency for an increase of total sleep time over time in both
groups.
* No effect on time in bed, sleep onset latency, wake after sleep
onset, sleep efficiency.
Sleep quality ~ PSQI * Tendency for superiority of BL over DRL on improving sleep quality.
Quality of life  FACT-G * No effect on quality of life.
Fatigue FACIT-fatigue * Improvements of fatigue over time in both groups.
Cognitive FACT- * Tendency for superiority of BL over DRL on the comments from
function Cognitive others subscale.
Function
Depression PROMIS- * Tendency for superiority of BL over DRL on depressive symptoms.
Depression
Item Bank
Diurnal Saliva * No effect on cortisol.
cortisol
Melatonin Urine * No effect on melatonin.
Sleep-wake Wrist * No effect on acrophase, amplitude, F-statistic, MESOR.
cycles actigraphy
Fatigue MFSI-SF Total score:
* BWL prevented the increase of fatigue that was seen after DRL.
* Changes in fatigue were unrelated to changes in sleep or circadian
rhythms.
Subscales:
* Both groups showed worse scores on general, physical, or mental
subscales.
* No change on the vigor subscale.
Sleep-wake Wrist * Both groups showed a dampened and less robust circadian rhythm
cycles actigraphy during chemotherapy weeks compared to baseline.
¢ The circadian rhythm returned to baseline or improved during the
recovery week in the BWL group. This was not seen in the DRL
group.
* No effect on acrophase (time of day of the peak of the circadian
rhythm, which is indicative for a phase advance or delay).
Quality of life FACT-B * No significant differences on change in QoL over time between

groups.
* The DRL group showed significantly lower QoL during
chemotherapy weeks compared to baseline.

(Continued on next page)
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Table 1. (continued)

Study? Study Participants Light therapy characteristics
type®
Valdimars- RCT Patients with multiple myelo-  BWL (n=23) vs DWL (n=21)
dottir et al. ma during autologous stem
(2018)" cell transplantation hospital-  Acuity Brands
ization

Programmed environmental illumination
of hospital rooms between 7 and 10 AM

Crabtree et FS AYA's undergoing cancer BWL (n=26) vs DRL (n=25)
al. (2020)" treatment
Litebook Advantage

30 min within 1 h upon waking, 8 weeks

AYA adolescents and young adults; BL bright light; BWL bright white light; CES-D Center for
Epidemiologic Studies-Depression scale; DRL dim red light; FACIT-fatigue Functional Assessment of
Chronic lliness Therapy-Fatigue; FACT-B Functional Assessment of Cancer Therapy-Breast; FACT-G
Functional Assessment of Cancer Therapy-General; FOSQ Functional outcomes of Sleep Questionnaire;
ISI Insomnia Severity Index MFS Multidimensional Fatigue Scale; MFSI-SF Multidimensional Fatigue
Symptom Inventory-Short Form; POMS-SF Profile of Mood States-Short Form; PROMIS Patient-Reported
Outcome Measurement Information System; PSQI Pittsburgh Sleep Quality Index; VAS Visual Analogue
Scale.

@ Authors in italics reported secondary analyses of the primary studies reported by the authors

in normal font. * FS feasibility study; PS pilot study; PT personalized (within-subjects) trials; RCT
Randomized controlled trial

was the pilot study by Redd et al.2. Both RCTs that followed after this pilot study showed that
reductions of fatigue were also observed after exposure to a control condition.

It is relevant to have a closer look at the clinical importance of the positive effects
observed after light therapy. Redd et al.? reported a clinically important distinction between
survivors exposed to BWL compared to DRL since none of the cancer survivors experienced
clinical levels of fatigue after exposure to BWL, while 55 percent of the survivors exposed to
DRL still experienced CRF. The effect size of this difference was 0.98. Johnson et al.* reported a
smaller effect size of 0.30 for the superiority of BWL on the total score of the MFSI-sf. Our results
showed an effect size of 0.81 for general fatigue in all participants, irrespective of condition, at
post intervention, which corresponds to clinical significant benefits for 60 to 63 percent in the
BWL and DWL group, respectively (chapter 3). This is in line with effect sizes of 0.96 and 0.76 on
general fatigue in BWL and DRL, respectively, reported by Johnson et al.%. The effect sizes of our
study and the study by Johnson et al. suggest clinically relevant improvements in both groups
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Outcome Instrument Conclusion

Quality of life  FOSQ ¢ Significant deterioration in sleepiness-related QoL in DRL compared
to no change in BWL.
* Changes in sleepiness-related QoL were related to changes in
fatigue.

Depression CES-D * No significant differences on change in depression over time
between groups.
* The DRL showed significantly more depressive symptoms during
chemotherapy weeks compared to baseline.

Depression CES-D * BWL prevented the increase of depressive symptoms that was seen
after DRL (n? = 0.08).

Fatigue PedsQL MFS  Total score:
* BWL showed larger reductions of fatigue than the reduction seen
after DRL.
Subscales:
* BWL showed a reductions on cognitive fatigue, which was not seen
after DRL.
* Both groups showed reductions on general and sleep/rest fatigue.

as effect sizes of 0.50 or larger are considered clinically relevant’™. Moreover, these numbers are
comparable to clinically significant improvements resulting from cognitive behavioral therapy
(clinical improvement in 54 percent)'™® and physical exercise (d = 0.53)". This suggests that all
light therapies, either BWL, DWL, or DRL, led to clinically relevant improvements of fatigue in
cancer survivors with CRF.

Our results further showed that both groups, irrespective of condition, showed
improvements on subjectively reported sleep quality, depression, and three aspects of quality
of life (chapter 3). No effects were observed for anxiety and other aspects of quality of life,
nor for objectively assessed sleep-wake cycles and circadian rhythms of melatonin and cortisol
(chapter 3). These results are partially in line with previous results. The pilot study® suggested
that light therapy had no effect on subjective sleep quality but the RCT*> showed, in line with
our results, that both groups improved on subjective sleep quality over time. Moreover, results
of the RCT* showed that both types of light therapy (BWL and DRL) led to improvements on
depression and quality of life.

Light therapy is known for its entraining effect on circadian rhythms to the environmental
rhythm (e.g. light-dark cycle). Redd et al.? suggested that the positive effect of light therapy
might results from the entrainment of circadian activity rhythms. A secondary analysis of this
study? suggested that BWL improved sleep efficiency in cancer survivors. However, this effect
was small, clinically irrelevant and not replicated by our RCT (chapter 3) nor the RCT by Johnson
et al.% In fact, both RCTs showed no effect of light therapy on actigraphy derived sleep-wake
cycles. We further investigated this hypothesis by looking at neuroendocrine correlates of the
circadian rhythm (melatonin and cortisol). Our results showed that there was no effect on these
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outcomes (chapter 3). This is partly in line with a secondary analysis of the RCT by Johnson et al.®
showing that the diurnal cortisol slope and the total cortisol slope increased after completion
of the light therapy in both groups (d = 0.57 and d = 0.49, respectively). This increase was not a
mediator for the relationship between light therapy and fatigue levels.

Light therapy for cancer survivors with symptoms other than fatigue
Studies on light therapy in cancer survivors were not limited to CRF as an outcome. Three
studies tested the efficacy for other symptoms in studies with small sample sizes.

First, Kronish et al.” used a different approach to study the efficacy of light therapy in
cancer survivors with at least mild depressive symptoms. They used a crossover within-subject
design for nine cancer survivors who were exposed to either BWL or DRL. The results of this
study showed that the effect of light therapy is heterogeneous. Some survivors reported a
decrease, the majority showed no difference, and some an increase on depression and fatigue
after exposure to BWL compared to exposure to DRL. Whether depression and fatigue
decreased during the study irrespective of condition was not reported.

Second, Fox et al.® studied the feasibility and preliminary efficacy of light therapy in
ovarian and endometrial cancer survivors with sleep disturbances. Although not statistically
significant, results showed a tendency towards superiority for green bright light (GBL) over DRL
on the number of nighttime awakenings (actigraphy), subjective sleep quality, and depression.
Furthermore, in line with our results, the results showed a statistically significant clinically
relevant improvement (d = 1.19) of fatigue in all participants, irrespective of light condition.
There was a tendency for a significant increase of total sleep time over time in both groups.
No effects were found for other actigraphy-derived variables, quality of life, and cortisol and
melatonin concentrations.

The study by Fox et al.? is the only study that also reported the effect of light therapy on
subjectively assessed cognitive functioning, namely: perceived cognitive impairment, impact
of perceived cognitive impairment on quality of life, comments from others, and perceived
cognitive abilities. There was a nearly significant superiority of DRL over GBL for the comments
from others domain since scores worsened in the GBL group and remained stable in the DRL
group. However, the change in the GBL group was very small. No effects were found on the
other domains. In chapter 4, we reported the effect of light therapy on cognitive impairment
(assessed with questionnaires) and cognitive functioning (based on neuropsychological tests).
Our results showed that light therapy, irrespective of light intensity, had no effect on these
outcomes.

An important limitation of our study (chapter 4) and the study by Fox et al.® is that
the samples were not recruited based on the presence of cognitive dysfunctioning but on
the presence of sleep disturbances or CRF, respectively. A closer inspection of the baseline
values in our study indicated that one-third of the survivors with CRF experienced cognitive
dysfunctioning (chapter 4), which reduces the power of our study. The results of a sensitivity
analysis in these survivors were in line with the intention-to-treat analyses, showing that light
therapy had no effect on cognitive complaints or cognitive functioning (range p-values .05 to
.78; range effect sizes .04 to .43). Based on these two studies, we suggest that light therapy is
probably not effective for reducing cognitive complaints or improving cognitive functioning.
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However, replication of these results in a sufficiently powered study in a sample with objectively
assessed cognitive dysfunctioning at baseline is necessary to confirm this conclusion.

Finally, Rogers et al.? examined the feasibility of light therapy to improve circadian rhythms
in eight adolescent cancer survivors. This was a convenience sample not selected on circadian
disruptions a priori because the study primarily focused on the acceptability and adverse events
and secondarily studied the effect of light therapy on circadian activity rhythms. The results
showed that participants did not report an increased number of adverse events compared to
healthy adolescents with no history of cancer. Moreover, there was no effect of light therapy on
circadian activity rhythms. This might result from the selection of the sample, as the circadian
activity rhythms of the participants were comparable to a healthy control group leaving small
to no room for improvement.

Light therapy for patients with cancer while receiving cancer treatment

The interest for light therapy as a treatment for CRF stems from the pilot study of Ancoli-Israel
et al." that showed promising results. Exposure to BWL prevented the increase of fatigue and
deterioration of circadian activity rhythms and quality of life compared to DRL in breast cancer
patients receiving chemotherapy® ' ". Since then, two more studies investigated the effect of
light therapy in patients with cancer while receiving cancer treatment.

Valdimarsdottir et al.” investigated the effect of programmed environmental illumination
of hospitals room on depressive symptoms in forty-four patients with multiple myeloma
scheduled for autologous stem cell transplant. The results showed a significant difference
between groups indicating that patients exposed to BWL showed a smaller increase of
depressive symptoms during hospitalization compared to patients exposed to DWL.

Crabtree et al.” studied the acceptability and feasibility of light therapy to reduce fatigue
in adolescent and young adults receiving treatment for cancer. Fifty-one participants with newly
diagnosed solid tumors, including lymphoma, were randomized to BWL or DRL. Results showed
that there were no differences between individuals exposed to BWL or DWL concerning the
side effects reported due to light therapy and treatment of cancer. Moreover, results of self-
reported fatigue showed that there were significant differences between groups for the effect
of light therapy on cognitive fatigue and total fatigue, with larger reductions of fatigue after
BWL compared to DRL. Improvements on general fatigue and sleep/rest fatigue were reported
in both groups.

Summary of light therapy studies in cancer populations

In general, research on light therapy for cancer populations is limited. The majority of the
published studies are pilot studies with methodological limitations, for example small sample
sizes. Studies that primarily focused on light therapy for cancer survivors with CRF>* concluded
superiority of exposure to BWL compared to DRL on fatigue, although a closer inspection of
the RCT by Johnson et al.* indicates that both types of light therapy led to clinically relevant
reductions in multiple domains of fatigue in cancer survivors with CRF. Moreover, light
therapy, irrespective of condition, led to improvements on subjectively reported sleep quality,
depression, and quality of life. Itis unlikely that these positive effects result from an entrainment
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of circadian rhythms as no effects were observed for light therapy on circadian rhythms of
sleep-wake cycles, cortisol and melatonin.

Studies that included cancer survivors with symptoms other than CRF, also reported a
reduction of fatigue after light therapy, irrespective of condition®. Moreover, results on the
primary outcomes of these studies, including depressive symptoms or sleep disturbances were
inconclusive. One study suggested superiority of exposure to BWL for the number of night time
awakening, subjective sleep quality, and depression®. However, another study showed no effect
on objectively assessed sleep-wake cycles®. This might be explained by individual differences on
the effect of light therapy that was reported after a within-subject comparison of exposure to
BWL and DRL’.

Studies that investigated the use of light therapy in patients with cancer while receiving
treatment seem more promising since all of them reported lower levels of fatigue and depression
and better quality of life after exposure to BWL compared to DRL" >3, One pilot study showed
that exposure to BWL maintained the circadian rhythm at baseline while the group exposed to
DRL showed deterioration of the circadian activity rhythm™.

Unexpected improvement of fatigue irrespective of light intensity

Contrary to the results of Redd et al.?, our study, as well as the RCT reported by Johnson et
al.%, reported clinically relevant improvements of fatigue after light therapy, irrespective of
light intensity. There are multiple explanations for this improvement in both groups. First,
the positive effect of light therapy on self-reported outcomes in both groups might be the
consequence of non-specific treatment effects, i.e. the Hawthorne effect. The Hawthorne
effect describes changes in the behavior and/or reporting by a participant simply because the
participant is observed™. Examples of potential non-specific treatment effects in the SPARKLE
study are positive attention from the research team, increased awareness that CRF is a common
symptom, increased physical activity, and increased awareness on someone’s sleep-wake cycle
by the completion of a sleep diary for 10 days, which were all reported by the participants.
Some participants also reported to enjoy the 30 minutes of “quiet time” in the morning while
completing light therapy. These effects might resemble effective components of (internet-
based) cognitive behavioral therapy (CBT) and mindfulness-based CBT (MBCT), which are shown
to be effective as a treatment for CRF'® ' 2, One module of CBT addresses the importance of
a regular sleep-wake cycle and includes an assignment to track someone’s sleep-wake rhythm
for several days to gain insight into this rhythm. This assignment unintentionally became part
of the study design of the SPARKLE study when we asked participants to complete a sleep diary
for 10 days during each measurement point. Moreover, the 30 minutes of quiet time might
resemble an assignment of MBCT. A closer evaluation of MBCT showed that an increase on
sense of control was the most important working mechanism?!, which is in line with personal
comments by some participants mentioning that they experienced an increased capability to
change their fatigue.

Second, the improvement of fatigue in the DWL group can be the result of a placebo
response, which could be the case for the BWL group as well. Placebo responses to treatments
for CRF have been reported and a recent meta-analysis based on 29 studies showed that 29
percent (with a range between 3 to 77 percent? %) of the participants showed a decrease in
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fatigue after placebo treatment in patients with cancer and cancer survivors?. The included
studies mostly investigated pharmacological treatment for CRF compared to placebo pills, but
other placebo treatments were sham acupuncture (n = 3), control telephone calls (n= 1), sesame
seed oil injections (n = 1), and sham infrared laser (n = 1). Hoenemeyer et al.?® showed that this
placebo response also occurs when it is clearly mentioned to participants that they receive
placebo pills. Twenty-nine percent of the participants who received open-label placebo pills
reported clinically relevant and statistically significant improvements with a moderate effect
size (d = 0.63) compared to treatment as usual. This effect remained stable during a follow-up
period of three weeks. Another meta-analyses on the effect of placebo treatment for insomnia
symptoms showed that participants who received a placebo treatment (pharmacological and
psychological) reported significant changes in self-reported sleep outcomes but not in objective
outcomes?.

To the best of our knowledge, a placebo response for light therapy has not been described
but the findings of the SPARKLE study suggest this might be the case. Both BWL and DWL
led to improvements in self-reported outcomes with effect sizes comparable to those found
after open-label placebo pills treatment?* in the absence of a response on objectively assessed
circadian rhythms of sleep-wake cycles, cortisol, and melatonin. However, we should be careful
to conclude that light therapy in the SPARKLE study did not elicit a biological response. We
primarily focused on the assumption that light therapy works via entrainment of circadian
rhythms because light is the most important zeitgeber for the circadian rhythm. Nonetheless,
it has been shown that the intrinsically photosensitive retinal ganglion cells responsible for this
biological response are not only connected to the superchiasmatic nucleus but also to other
brain regions involved in sleep regulation, cognitive functioning, and mood?. For example, a
recent study?® showed that sleep quality measured with polysomnography was associated with
light exposure on the preceding day in healthy participants. These results suggested that light
exposure not only affects circadian driven aspects of sleep but also homeostatic sleep pressure.
The homeostatic sleep pressure was not assessed in the SPARKLE study. Therefore, there might
be other mechanisms of action, independent from circadian entrainment, explaining the effect
of light therapy that have not been studied in the SPARKLE study.

Finally, the positive effect of light therapy in both groups might not be related to light
therapy or study participation but could simply be the consequence of a natural improvement
of fatigue. Although we did not include a waiting list control condition to test this hypothesis,
we believe that the chance of spontaneous natural improvement of CRF in our participants
is very small. The mean time since diagnosis of our sample was almost 13 years, indicating
that these survivors suffered from CRF for many years. A natural improvement of CRF is likely
to occur in the first two years after diagnosis but stable levels, or even increasing levels, are
reported after this period®. Specifically, two longitudinal studies in long-term cancer survivors
showed that fatigue levels remained stable during follow-up3® 3'. Therefore, we expect that a
spontaneous improvement of fatigue in our sample during a period of 3,5 weeks is unlikely.

Methodological limitations
Our intervention study had several methodological strengths, including the double-blind,
randomized controlled design, the assessment of self-reported, behavioral, and biological
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outcomes, a large sample size, multicenter participation, and a relatively long follow-up period
of nine months. However, there were also some methodological limitations concerning the
light therapy characteristics, the assessment of fatigue, and the assessment of melatonin and
cortisol.

Light therapy characteristics

Light therapy protocol

The first study in breast cancer patients receiving chemotherapy instructed participants to use
light therapy for 30 minutes in the morning, upon awakening, during the first four cycles of
chemotherapy (approximately eight to twelve weeks)" °. These instructions were based on the
guidelines for light therapy for seasonal affective disorder (SAD)*> %, The studies that followed
used similar instructions, although the duration was shortened to four weeks (28 days)* * &
° or three weeks’ in cancer survivors. Only the Instructions for the study by Valdimarsdottir
et al.” differed as light sources were on between 7 AM and 9 AM while the participant was
hospitalized for autologous stem cell transplant. Although this seems like a much longer time
frame, the authors made this choice to ensure that participants were exposed to light therapy
for at least 30 minutes each morning as participants were allowed to leave their room. In line
with these studies, we instructed participants to use light therapy for 30 minutes within half
an hour after wakening. Only the duration of light therapy was slightly shorter (25 days). We
preferred this duration, as we wanted to collect saliva at the end of a workweek (i.e. on Friday)
to decrease the circadian shift effect due to changing sleep-wake rhythms on weekend days
compared to weekdays. The shorter duration of light therapy could potentially explain the lack
of superiority of BWL over DWL. However, we believe this is unlikely, as the guideline of light
therapy for SAD describe that light therapy usually shows improvements within the first two
weeks with a full clinical response after four weeks*. Therefore, the duration of 25 days should
have been enough to elicit an initial clinical response.

Compliance to light therapy

A compliance rate of 47 to 49 percent was reported in adult patients receiving chemotherapy’,
which was slightly smaller than the compliance rate of 57% reported in AYA's receiving cancer
treatment. In adult cancer survivors® * 8, the compliance rate ranged from 67 to 95 percent
compared to 61 percent in adolescent cancer survivors®. The subjective report of compliance
in the SPARKLE study showed that light therapy was used on 91 percent of the required days.
Hence, the compliance rate in our study was high compared to previous studies. When we look
at the compliance on an individual basis, we see that 37 percent of the participants completed
light therapy on all 25 treatment days. The majority, 56 percent, used light therapy for 14 to
24 days. Based on the light therapy guidelines for seasonal affective disorder®?, we expect that
these individuals would have experienced a first response to the light therapy but might not
have reached a full response. We did not include an objective measurement of light exposure
in our study. Therefore, we could not confirm the compliance to light therapy nor correct for
daily light exposure. However, sensitivity analyses corrected for season did not change the
conclusions.
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Spectral aspects of light therapy

Most studies that investigated light therapy in cancer populations used a light therapy device
from the Litebook Company (i.e. Litebook 1.2" 2, Litebook Elite* ®, or Litebook Advantage”
). One study used light therapy glasses, i.e. the Re-Timer® and one study used lights from
Acuity Brands™ that could be placed in hospital rooms. The first 37 participants of the SPARKLE
study used of Litebook Edge. However, spectral measurements established a light spectrum
enriched around 450 nm of 351 lux at eye level for the device used in the BWL condition. This
is comparable to office lighting and not sufficient for light therapy. Therefore, we changed to
Luminette glasses. Table 2 gives an overview of the technical aspects of these devices.

Table 2: Overview of technical aspects of light therapy devices?.

Light source Condition LEDs Light intensity Peak light spectrum
Litebook 1.2 BWL 60, white 1.350 lux 464 nm and 564 nm
DRL 60, red <50 lux N/A
Litebook Elite BWL 25, white 1.250 - 1.500 lux 465 nm
DRL 25, red <400 lux 633 nm
Litebook Advantage BWL 24, red 10.000 lux N/A
DRL 24, red N/A N/A
Re-Timer BGL 4, red 506 lux N/A
DRL 4, red N/A N/A
Acuity Brands BWL N/A 1.300 lux N/A
DWL N/A 90 lux N/A
Litebook Edge BWL 15, white 10.000 lux 480 nm
DWL 15, white <20 lux 480 nm
Luminette glasses BWL 8, white 1.013 lux 465 nm
DWL 8, white 8 lux 465 nm

LED light-emitting diode, BWL bright white light, DRL dim red light, BGL bright green light, DWL dim
white light, nm nanometer

2 These technical aspects were retrieved from the methodological sections of the studies using these
devices. The technical aspects of the Luminette glasses used in our study are based on spectrometric
measurements.

Based on the details of the light spectra used in the different studies, we want to address
three issues. First, there appears to be a difference of the intensity of the Litebook Advantage
(10.000 lux) compared to the Litebook 1.2 and Litebook Elite (1.250 to 1.500 lux). However,
it is very likely that the intensity of the Litebook Advantage is the intensity reported by the
distributor, which is described as an equivalent of 1.500 lux at eye level. Second, the guidelines
for light therapy use in seasonal affective disorders propose that the starting “dose” for light
therapy is 10.000 lux for 30 to 40 minutes a day. An alternative dose is exposure to 2.500 lux for
2 hours a day®. This indicates that the intensity of light therapy used in the described trials might
have been too low or the duration too short. However, we suspect that the guidelines mean
that light therapy devices used for light therapy should elicit an intensity of 10.000 lux, which is
equivalent to 1.500 lux at eye level. If this is the case, than the light therapy protocols in these
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studies follow the guidelines. Third, the description of the light spectra lacks details in most
studies. Most details were mentioned by Johnson et al.* who described the peak wavelength
and intensity of both conditions, while other studies® * only reported the intensity of the BWL
condition without details on the peak wavelength or the light spectrum of the DRL condition.
There is also an example of different light spectrum reports within the same research team, as
Ancoli-Israel et al.” reported no information on the BWL condition, Neikrug et al.” mentioned
an intensity of 1.500 lux, while Jeste et al." described an intensity of 10.000 lux. Therefore, we
want to underline the importance of a standard description based on standardized estimations
of light spectra in light therapy studies. In our study, we used the Irradiance Toolbox by Lucas
et al. to describe light spectra34. More recently, the International Commission on Illlumination
(CIE) introduced an Equivalent Daylight llluminance Toolbox that can be used to convert light
spectra into absolute a-opic irradiance in mW/m?, which is in line with the seven units of the
basic International System of Units (SI units)*®. More details on minimum reporting guidelines
for light exposure are reported by Spitschan et al.®.

There were differences between the light spectra of the control conditions used in the
studies on light therapy in cancer patients or cancer survivors. Most studies used DRL with
intensities of less than 50 lux"2 or 400 lux?, or intensities were not reported®® . In the SPARKLE
study, we used DWL with an intensity of less than 20 lux. This light might have been able to elicit
a biological response. Nonetheless, several studies showed that polychromatic light, as used in
the SPARKLE trial, needed an intensity of 393 lux or higher to induce an effect on circadian
rhythms3” 38, This is supported by the study of Valdimarsdottir et al.” that showed significant
differences in individuals exposed to BWL (1.300 lux) and DWL (90 lux). Moreover, one study*
compared the effect of dim white light (50 lux, 460 nm) and dim red light (50 lux, 633 nm) on
mood and fatigue in a within-subjects design. The results, based on five cancer survivors who
completed primary cancer treatment, showed that two participants had significantly lower
fatigue symptoms after DRL while this was not seen after exposure to DWL. The remaining
participants showed no differences of the effects of exposure to DRL or DWL. These results
suggests that the between group differences in the SPARKLE study could be similar or even
larger compared to previous studies using DRL.

Assessment of cancer-related fatigue
Different instruments were used to assess fatigue in studies investigating the efficacy of light
therapy as a treatment for CRF. Redd et al.? used the FACIT-fatigue®, Johnson et al.* the MFSI-
SF and we used the MFI* as one of the primary outcomes. We decided to use the MFI for
four reasons. First, this scale measures five different domains of fatigue and therefore, it was
possible to investigate whether light therapy has an effect on some aspects of fatigue and
not on other domains of fatigue. Second, the MFI has been widely used to assess CRF*2. Third,
several review studies suggested that the MFI is a valid and reliable assessment for CRF with
acceptable psychometric properties®®“¢. Finally, norm data from a German population was
available to determine the clinical significance of fatigue in eligible HL and DLBCL survivors*.
While the SPARKLE study was ongoing, we wanted to publish norm data of the MFI from a
Dutch population and had a closer look into the validation studies of the MFI. At that moment,
we realized that replication of the original five-factor structure was scarce and decided to
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perform a psychometric evaluation of the MFI. The results of our confirmatory factor analyses,
reported in chapter 5, showed no empirical support for the original 5-factor structure of the
MFI, nor for the alternative 4-factor structure reported in the original validation study or a bi-
5-factor and bi-4-factor structure that also included a general factor for fatigue. We performed
additional exploratory factor analyses to examine whether an alternative factor structure could
describe the different dimensions of fatigue assessed with the MFI. The results showed no
reliable and valid alternative factor structure. Therefore, we suggest that results of the subscales
of the MFI should be interpreted with caution. It is preferred that conclusions are based on
the general fatigue subscale as this subscale showed the most robust results and the highest
correlations with a visual analogue scale from 0 (no fatigue) to 10 (worst imaginable fatigue).

Consequently, we only reported results of the MFI general fatigue scale in our studies.
This could potentially explain why we were unable to detect superiority of BWL over DWL
because Redd et al. and Johnson et al. showed superiority of BWL over DRL for the total fatigue
score from the FACIT-fatigue and the MFSI-SF. The results on the general fatigue scales in both
RCTs were conclusive, showing improvements over time in both groups. When we repeated our
analysis for the total score of the MFI and the remaining scales of the MFI (unpublished), we
were still unable to detect statistically significant differences in change over time between BWL
and DWL. An improvement over time was seen in the total group, irrespective of light intensity,
for the total score of the MFI and physical fatigue, reduced activity and reduced motivation.
No effect was seen on mental fatigue, which contradicts the finding of Johnson et al. where
mental fatigue improved in both groups.

Another aspect of the fatigue instruments used in these studies is whether fatigue was
assessed as a unidimensional or a multidimensional construct. The FACIT-fatigue measures
fatigue as a unidimensional construct. The MFSI-SF measures multiple dimensions of fatigue.
The MFI aims to assess five dimensions of fatigue but the lack of a reproducible factor structure
and the presence of high correlations between the original factors (chapter 5) suggests that
the MFI might not be successful in the assessment of different dimensions of fatigue. The
correlations between factors indicate an overlap in variation, which makes it questionable
that these factors represent unique domains of fatigue. Instead, it might be that the MFI
measures a unidimensional general fatigue dimension and that the other scales cover other
constructs that can, but may not necessarily be, influenced by fatigue. For example, the mental
fatigue domain covers cognitive functioning and physical fatigue covers physical functioning.
Therefore, we only reported the results of general fatigue and considered this a unidimensional
assessment of fatigue. Remarkably, Johnson* reported that results from the FACIT-fatigue in
their RCT showed no significant difference between groups but improvements over time for
the total sample. Taken together, the inconsistency for the superiority of BWL compared to a
comparison condition is also not explained by the choice to assess fatigue as a unidimensional
or multidimensional construct.

It is important to note two important methodological aspects when interpreting the lack
of a factor structure in our psychometric evaluation of the MFI while other studies were able
to identify certain factor structures. First, the samples used to examine the factor structure of
the MFI. Our study was conducted in a sample of the Dutch general population, while other
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studies tested the factor structure in samples of patients with somatic disorders. Consequently,
the reported factor structures might be sample specific. Second, the sample size should be
considered. A rule of thumb states that at least five participants per estimated parameter
need to be included to perform confirmatory factor analysis®. This means that at least 350
participants are necessary to confirm the factor structure of the MFI. Our study included the
largest sample size so far for a confirmatory factor analysis of the MFI (n = 2512). Most of
the validation studies in the past did not reach this bare minimum, which might have led to
unjustified conclusions in the past.

Assessment of melatonin and cortisol

One of the strengths of our study is the inclusion of the assessment of circadian rhythms of
melatonin and cortisol. It is known that these neuroendocrine correlates of the circadian
rhythm are affected by multiple factors, e.g. drinking of caffeinated drinks, eating bananas
or chocolate. Moreover, it is important for the determination of the dim light melatonin onset
(DLMO) that the evening saliva samples were collected in dim light situations. Therefore, we
planned to collect the melatonin samples only during autumn and winter and asked participants
to close the curtains during the collection of these samples. Despite our efforts, 15 out of 57
participants collected evening saliva samples for DLMO determination in the spring or the
summer. These participants were asked to wear orange glasses to block blue light during the
evening sample collection. Although we provided clear instructions, we don’t know whether
all participants followed these instructions. Some participants self-reported that they did not
comply with some of the instructions and were removed from the analyses. Specifically for the
DLMO, non-adherence to the dim light saliva collection could have masked a true effect of light
therapy.

Overall conclusions
The following conclusions can be drawn from the light therapy study presented in this thesis:
< There is insufficient evidence to recommend light therapy as a treatment for cancer-
related fatigue in long-term cancer survivors.

e There was no superiority for exposure to BWL compared to DWL on reducing
fatigue in long-term HL and DLBCL survivors with chronic-cancer related fatigue
(chapter 3).

*  Both groups, irrespective of light intensity, showed clinically relevant improvements
of fatigue (chapter 3).

* Both groups, irrespective of light intensity, showed improvements on subjective
sleep quality, depression and some aspects of quality of life (i.e. role limitations due
to physical functioning, energy, and social functioning) (chapter 3).

e Light therapy had no effect on objectively assessed circadian activity rhythms
(chapter 3).

* Light therapy had no effect on the circadian rhythms of cortisol and melatonin
(chapter 3).

% One-third of long-term HL and DLBCL survivors with persistent fatigue experience
cognitive dysfunctioning.



e Cognitive dysfunctioning especially occurs in the verbal memory domain (chapter
4).

e Light therapy had no effect on cognitive complaints and cognitive functioning in
long-term HL and DLBCL survivors with chronic cancer-related fatigue (chapter 4).

% The multidimensional fatigue inventory has a questionable factor structure.

* A psychometric evaluation of the Multidimensional Fatigue Inventory in the Dutch
general population (n = 2512) did not confirm the original 5-factor structure, nor
an alternative 4-factor nor a 5- and 4-bifactor model (chapter 5).

*  Thelack of a clear factor structure makes it questionable whether the MFI measures
multiple dimensions of fatigue (chapter 5).

*  The conceptual and structural issues with the MFI question whether conclusions
based on the five scales of the MFI are reliable (chapter 5).

* The general fatigue scale showed robust loadings and showed the highest
correlation with a fatigue rating from 0 (no fatigue) to 10 (worst fatigue)
suggesting that the general fatigue scale could be a good measure to assess fatigue
(chapter 5).

Clinical implications

The guidelines of the National Comprehensive Cancer Network (NCCN) currently recommend
the use of light therapy for CRF in cancer survivors. This recommendation is based on lower-
level evidence from the pilot study by Redd et al.? and the RCT by Johnson et al.* and uniform
consensus that the intervention is appropriate. The study described in this thesis does not
support this recommendation for long-term cancer survivors. However, there was a clinically
relevant and statistically significant improvement for fatigue in approximately sixty percent of
our participants, irrespective of light intensity, which should not be ignored as these survivors
suffered from fatigue for an average duration of 13 years. For some participants, this effect was
life changing, as can be seen in the comment of one participant describing how light therapy
influenced her life nine months after light therapy use:

“I can’t describe the feeling that | got my life back. No longer a walking zombie. Sleeping
for max. 2 to 3 hours a night is over. During the last 10 years, my life was disrupted
because of insomnia. Continuously fatigued. Now, people in my environment see a
sparkle in my eyes. They see changes in my behavior. | also feel this. | am more active.
More outgoing. Enjoying trips and vacations. | can go on for hours. The light therapy
was offered to me at the right time in my life. It felt like a complete reset. Shortly, | feel
reborn. | became a new human.”

(Female participant, 58 years, 9 years since DLBCL diagnosis, exposed to DWL)

At this moment, it remains unclear what caused this positive effect reported by the majority of
the participants. Therefore, the interpretation of these results for clinical implications can be
twofold. On the one hand, we can conclude that we cannot advice the radiation-oncologists
and hematologists of the BETER consortium to prescribe light therapy as a treatment for
CRF. Within our RCT, we compared a biologically active light intensity with a light intensity
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that is currently considered to be biologically inactive. As there were no differences between
individuals exposed to the intervention or the control light, there is no proof for the efficacy
of light therapy. Instead, the improvement might be caused by other factors, for example life
style changes, the Hawthorne effect or a placebo response. Therefore, it is necessary to further
investigate which elements of the light therapy study protocol are responsible for the clinical
relevant improvements before implementation of light therapy as a treatment for cancer
survivors with CRF.

On the other hand, one could argue that light therapy could be made available for cancer
survivors with CRF. As described by Kaptchuk and Miller”®, the goal of medicine is to heal.
This includes curation, controlling a disease, and relieving symptoms. The results described in
this thesis suggest that light therapy is able to relieve fatigue in a substantial part of cancer
survivors that are suffering. Moreover, it is easy to deliver and requires almost no supervision
from clinical staff. As the mechanisms of action are currently unclear, and a placebo response
cannot be excluded, light therapy could be implemented according to the recommendations
for implementation of placebo treatments in clinical practice®. These recommendations
mention that placebo effects should be optimally used in clinical practice while informing
patients optimally about placebo effects. For light therapy, this would mean that physicians
acknowledge that the positive effects for light therapy are not yet understood and might
stem from placebo effects. If a patient remains enthusiastic about light therapy, they could
try if it works for them. Expectations play an important role in placebo effects*®. Hence, we
advise to only offer light therapy to cancer survivors who have a positive attitude towards it.
Previous studies showed that the prescription of an open-label placebo treatment in cancer
survivors with CRF%, irritable bowel syndrome®!, chronic pain®%33, and migraine® led to reduced
symptoms.

However, while our study was ongoing, the evaluation of an internet-based cognitive
behavioral therapy (ICBT) for CRF was published™. Severely fatigued breast cancer survivors
were randomized to ICBT or care a usual (CAU; mean time since diagnosis of 44 and 39 months,
respectively). Results showed that survivors randomized to ICBT reported significantly reduced
fatigue levels compared to survivors who received CAU with an effect size of 1.0. On an
individual level, 73% of the survivors in the ICBT group reported a clinically relevant reduction
compared to 27% of the survivors in the CAU group. Therefore, it can be suggested that this
internet-based function was as successful (or even more successful) that the face-to-face version
of CBT for CRF, which led to a clinical improvement in 54% of the participants®. Moreover,
the internet-based version has additional advantages, for example lower costs and it is easier
accessible for survivors. Therefore, it might be more interesting for the radiation-oncologists
and hematologists of the BETER-consortium to explore the efficacy and implementation of
ICBT for CRF in clinical practice.

Another important clinical finding described in this thesis is the finding that approximately
one-third of the long-term HL and DLBCL survivors with persistent CRF experienced cognitive
dysfunctioning, predominantly in the verbal memory domain. This can be very disturbing for
survivors as it can influence their daily life, e.g. they might have trouble in their professional life.
Therefore, physicians of the BETER consortium should be aware of these problems. Survivors
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might benefit from early detection, for example via the Amsterdam Cognition Scan®*®, and
referral to cognitive rehabilitations programs, e.g. internet-based cognitive rehabilitation®’.

Directions for future research

Multiple questions for the use of light therapy as a treatment of CRF remain. For example, it
could be further investigated which elements of light therapy study protocols are responsible
for the clinically relevant improvements observed in a small majority of our participants. The
section "Unexpected improvement of fatigue irrespective of light intensity" gives an overview of
potential elements, including non-specific treatment effects or a placebo response. Moreover,
the dataset collected during this project can be used to further investigate several research
questions. First, actigraphy data collected during the day can be used to investigate whether
the positive effect of light therapy was associated with increased physical activity during
the intervention. Second, exploratory analyses can be performed to investigate individual
differences between individuals who experienced reduced fatigue levels after light therapy,
irrespective of condition, compared to survivors who did not experience this effect. Third, blood
samples collected at baseline and post intervention can be used to investigate the influence of
light therapy in inflammatory biomarkers related to CRF. These blood samples can also be used
to investigate associations between a response to light therapy and the genetic profile, for
example with clock genes.

It is a difficult issue to investigate whether a placebo response led to the positive effects
observed in our light therapy trial, as there are still gaps in our knowledge on the mechanisms
of action for light therapy. The literature describes several control conditions for light therapy
trials, including DRL, DWL, negative ions at a low or high flow rate, or the use of a deactivated
negative air ionizer®., We choose to use white light with a low intensity as a control condition
because we assumed the lower intensity would cause no, or a very limited, biological response.
However, we cannot rule out that the DWL had some biological effects. Therefore, future
studies should investigate whether the DWL spectrum of our study had any biological effects.
More fundamental research on the projections of intrinsically photosensitive retinal ganglion
cells might unravel pathways sensitive for blue-enriched white light of low intensities. This
research should not be limited to circadian responses but should also investigate projections
to other brain regions (for example emotion regulation and sleep regulation). New insights
into these pathways will make it easier to determine the characteristics of a true placebo light
therapy.

On a more general level, it would be interesting to explore whether the combination of
light therapy with other treatments for CRF, for example ICBT, leads to additive treatment
effects. For example, in insomnia patients it has been shown that the combination of
chronobiologic treatment, e.g. light therapy, and internet-based CBT for insomnia (ICBTI) led
to a longer sustained effect of ICBTI*®. The design of a similar study in breast cancer patients
receiving chemotherapy was recently published by Bean et al.®° and data collection is ongoing.
To the best of our knowledge, this is currently not under investigation in cancer survivors. An
alternative approach might be a design in which participants first complete four weeks of light
therapy followed by a physical exercise or CBT intervention based on the hypothesis that an
initial response to light therapy might increase motivation to participate in these interventions.
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The discussion on light therapy studies in cancer populations in this chapter described
a discrepancy for the effect of light therapy in cancer survivors compared to patients with
cancer receiving treatment. The evidence for superiority of BWL over a control condition in
the treatment of CRF in cancer survivors is not convincing. However, several studies in patients
with cancer receiving treatment suggest a protective effect of BWL compared to DRL for the
increase of negative symptoms like fatigue and depression and desynchronization of circadian
rhythms during treatment. As these studies had methodological limitations, we would advice
to perform a RCT to test the protective effect of light therapy for the occurrence of fatigue
and related symptoms in patients with cancer undergoing treatment. This trial should include
long-term follow-up assessments to investigate whether this initial intervention prevents the
occurrence or reduces the levels of these symptoms in cancer survivors.

The results of our critical evaluation of the psychometric properties of the MFI shows the
importance of psychometric evaluations of scales that have been widely used in research. Even
though multiple review studies mentioned the MFI as a valid and reliable scale to measure
multiple dimensions of fatigue, our results suggest otherwise. Based on the lack of a clear
distinction between multiple dimensions of fatigue, we suggest that results from the MFI
should be interpreted with caution. The general fatigue subscale seems to be the most reliable
scale. For future studies, we would advice to primarily use a valid and reliable assessment of the
unidimensional concept of fatigue. This advice is in line with previous recommendations®" ©2.
Moreover, it is questionable whether it is clinically relevant to distinguish different dimensions
of fatigue®. In case of specific hypotheses on subdomains of fatigue, a multidimensional
assessment of fatigue can be added. This recommendation is in line with current guidelines
of an independent working group, the ASCPRO (assessing symptoms of cancer using patient-
reported outcomes)®

CIRCADIAN RHYTHMS AND CANCER RELATED FATIGUE

Comparison with the literature
The studies described in this thesis strongly focused on the effect of light on circadian rhythms.
This was based on the rationale that light is the most strongest zeitgeber for circadian rhythms
and the findings that higher levels of CRF are consistently associated with disruptions in circadian
rhythms in patients with cancer®%°. Studies based on circadian activity rhythms, assessed with
actigraphy, concluded that patients with cancer with higher levels of fatigue showed less
daytime activity, more daytime sleep, and night awakenings. Studies that investigated the
association between neuroendocrine correlates of circadian rhythms and fatigue after cancer
showed that a flatter diurnal slope was associated with higher levels of CRF’® 7', However, when
we started this study, it was unclear whether a misalignment between the environmental
rhythm and endogenous circadian rhythms is associated with CRF. We hypothesized that the
endogenous circadian rhythms of cancer survivors with CRF might be delayed compared to the
environmental rhythm.

To test this hypothesis, we performed a survey study in which we compared the chronotype
and sleep quality of long-term HL and DLBCL survivors with and without CRF (chapter 6). Our
results showed that there was no association between chronotype and CRF, suggesting that the
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preference for morningness or eveningness did not differ between survivors with and without
fatigue. Our results are in line with the finding that chronotype was not associated with fatigue
in patients with rheumatoid arthritis’>. However, our results contradict a previous study that
reported that breast cancer survivors who reported to be an evening type suffered from higher
levels of fatigue compared to survivors who reported to be a morning type’. Studies in other
populations also showed that evening types reported higher levels of fatigue compared to
morning types (e.g.in individuals with irritable bowel symptoms’ and students’®).

Since chronotype is not only correlated with circadian phase but also with the homeostatic
sleep drive, we also assessed sleep quality in the survey study. Results showed that two aspects
of sleep quality, i.e. subjective sleep quality and daily dysfunctioning, were associated with CRF
(i.e. worse scores on these aspects were associated with higher levels of fatigue). These findings
are in line with the baseline values of the objective assessment of circadian sleep-wake cycles in
the light therapy study (chapter 3) suggesting that cancer survivors with CRF showed disrupted
sleep patterns compared to healthy populations, while circadian variables were within the
normal range’®’8,

Remarkably, the number of studies on the association between circadian disruptions and
CRF in long-term cancer survivors (at least two years after diagnosis) is very limited. To the best
of our knowledge, only two recent studies are available’®®'. One study compared circadian
activity rhythms, assessed with actigraphy, between 15 breast cancer survivors (5 years post-
diagnosis) to 13 age and BMI-matched healthy controls . Results showed no differences in
the timing of the sleep-wake cycle between both group but there were differences between
groups for activity levels. Breast cancer survivors showed lower activity levels during the total
24-hour cycle compared to healthy controls. There was no report on the association between
circadian activity rhythms and fatigue. The other study assessed circadian activity rhythms with
actigraphy in 29 adolescents within 5 years after cancer treatment and 30 healthy controls®'.
There were no differences between survivors and healthy controls on circadian activity rhythms
and fatigue scores between adolescent cancer survivors and healthy controls. Notably, there
was an association between circadian activity disruptions and fatigue in early survivors, which
was not seen in long-term survivors, suggesting that disruptions in circadian activity rhythms
experienced shortly after treatment recovered within the first 5 years after treatment for
adolescent cancer.

Taken together, disruptions in circadian rhythms have been associated with fatigue in
patients with cancer. However, studies on this association in cancer survivors are scarce and
suggest the absence of an association between disruptions in circadian rhythms and CRF in
long-term cancer survivors. Replication of these results is necessary in sufficiently powered
studies including objective assessments of circadian rhythms.

Methodological considerations

This survey study (chapter 6) had several strengths, including the large sample size, multicenter
participation and the use of average midsleep as an indicator for chronotype instead of the
original indicator of chronotype from the Munich Chronotype Questionnaire (MCTQ). However,
several methodological issues need to be considered when interpreting the results.
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The inconclusive results on the association between chronotype and fatigue in the studies
described above might result from the use of different questionnaires to assess someone’s
chronotype. The two studies that showed no association between chronotype and fatigue,
including our study, used the MCTQ®. This questionnaire assesses actual sleep times on work
and free days to determine chronotype. The studies suggesting an association between
chronotype and fatigue used other questionnaires, for example the Morningness Eveningness
Questionnaire (MEQ)® or the Composite Scale of Morningness (SCM)&. An advantage of these
questionnaires is the availability of cutoff scores to determine someone’s chronotype. These
cutoff scores are not available for the MCTQ and therefore the categorization of morning type
and evening type might seem more arbitrarily. A disadvantage of the MEQ and CSM is that
chronotype is based on preferred sleep times in ideal circumstances and statements. Therefore,
we preferred to use the MCTQ as we aimed to describe actual sleeping patterns from cancer
survivors with and without CRF.

Additionally, our results are based on self-reported data from a cross-sectional survey study.
Self-reported sleep times are also influenced by work and social obligations. Therefore, the
absence of an association between circadian rhythm disruptions and CRF needs to be confirmed
with objective measurements of circadian rhythms, e.g. actigraphy assessments or the DLMO.
The baseline actigraphy results of the light therapy study seem to confirm this conclusion but
this was based on a comparison of published outcomes in the general population. To draw
robust conclusions, it is necessary to perform statistical tests on this comparison.

Overall conclusions
% Itis unlikely that circadian disruptions are associated with cancer-related fatigue in long-
term cancer survivors.

*  There was no relationship between chronotype and cancer-related fatigue in long-
term (non-)Hodgkin lymphoma survivors (chapter 6).

e Two aspects of sleep quality, i.e. subjective sleep quality and daily dysfunctioning,
were associated with cancer-related fatigue in long-term (non-)Hodgkin lymphoma
survivors (chapter 6).

* Baseline levels of actigraphy-derived sleep-wake cycles in participants of the
SPARKLE study suggested the presence of sleep problems and the absence of
circadian disruptions when compared to the general population (chapter 3).

Clinical implications

The aim of our survey study was to learn more about the association between sleep times and
CRF. This information is valuable to determine the most optimal timing of light therapy. If the
results would show that survivors with CRF showed an advanced sleep-wake rhythm compared
to survivors without CRF, i.e. going to bed at 21:00 h and waking up at 5:00, than light therapy
in the evening would be most effective because this will delay the sleep-wake cycle. On the
other hand, if the results would show that survivors with CRF showed a delayed sleep-wake
rhythm compared to survivors without CRF, i.e. going to bed at 1:00 h and waking up at 9:00
h, than light therapy in the morning would be most effective because this would advance the
sleep-wake cycle.
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However, the results described in this thesis showed no indications for a relationship
between the timing of the circadian sleep-wake cycle and CRF in long-term HL and DLBCL
survivors. There was an association between sleep quality and CRF, indicating that survivors
with a lower sleep quality suffered from higher levels of fatigue. Therefore, survivors with CRF
might benefit most from a closer inspection of sleep problems and interventions aiming to
improve sleep quality, e.g. CBT.

Directions for future research

Disruptions in circadian rhythms have been associated with fatigue in patients with cancer.
However, the number of studies on this association in cancer survivors are limited and mostly
focus on patients with cancer while receiving treatment. We performed a survey study to
investigate the association of chronotype, which correlates to endogenous circadian rhythms,
and cancer-related fatigue. Although we found no association between chronotype and CRF
in long-term HL and DLBCL survivors, a closer inspection of the bed times showed differences
between survivors with and without fatigue. Survivors with severe fatigue tended to go to
bed at an earlier time compared to non-fatigued survivors (22:48 h and 23:23 h, respectively)
and needed more time to fall asleep (24 min and 11 min, respectively). Moreover, moderately
to severely fatigued survivors tended to use more time to get up in the morning and spend
less time outside during the day. Consequently, we cannot rule out that survivors with fatigue
go to bed too early with respect to their circadian sleep drive. This hypothesis could not
be investigated in this survey study but can be studied if future research includes objective
assessments, for example, actigraphy assessments or determinations of the DLMO from saliva
or with the BodyTime assay®>. These studies are necessary to draw firm conclusions about the
association between circadian disruptions and CRF in cancer survivors.

Additionally, it is interesting to further investigate the longitudinal influence of cancer and
cancer treatment on circadian disruptions and the association between circadian disruptions
and CRF. As mentioned above, the association between circadian rhythm disruptions and CRF
has been consistently shown for patients with cancer while receiving treatment but not for
cancer survivors. The same discrepancy has been described above for studies on light therapy.
Several studies suggest superiority of BWL compared to DRL in patients with cancer while
receiving treatment but not for cancer survivors with CRF. Therefore, we hypothesize that
biological changes during cancer treatment, i.e. circadian disruptions, might be responsible
for negative health outcomes, including fatigue, sleep problems, depression, and diminished
quality of life. In cancer survivors, these underlying biological causes might no longer be
present. Instead, behavioral and mental adaptations might be responsible for maintaining
these negative outcomes. One approach to study this is by using patient reported outcomes
(PROMS) used in clinical practice and biobank blood samples. These blood samples could be
used to determine changes in dim light melatonin onset, which can be determined with the
BodyTime assay®. Within such a cohort, researchers could also investigate the course of CRF
and determine whether maladaptive behavior and/or cognitions are responsible for the shift
from acute fatigue to chronic fatigue.

For the methodology of future studies investigating the association between circadian
disruptions and CRF, it is important to formulate guidelines describing the most optimal
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procedure to identify individuals with clinically relevant circadian disruptions for scientific
purposes. Currently, actigraphy and DLMO are used in clinical practice to determine whether
someone’s circadian activity rhythm or endogenous circadian rhythm are not entrained to
environmental rhythm. However, for scientific purposes, there are no clear guidelines how
clinically relevant circadian disruptions can be determined in large datasets. A first step in
this process might be to publish norm data per gender and age group for actigraphy-derived
variables. These are currently not available although large datasets, for example from the UK
Biobank’, exist.

CONCLUSIONS

In view of the high prevalence of CRF in long-term HL and DLBCL survivors, we evaluated the
efficacy of light therapy to reduce this symptom. Although there was no superiority of exposure
to BWL compared to DWL, both groups, irrespective of light intensity, showed clinically relevant
improvements. Therefore, we recommend future studies to investigate which elements of the
current study protocol were responsible for this positive effect before the implementation of
light therapy in clinical practice. Moreover, the effect of light therapy on circadian rhythms
was evaluated. The results showed no effect of light therapy on circadian activity rhythms
or neuroendocrine correlates of the circadian system (melatonin and cortisol). This might be
explained by the lack of an association between circadian rhythm disturbances and CRF in long-
term cancer survivors. Future studies should investigate whether circadian rhythm disruptions
are an initial cause of CRF that play no, or only a limited, role in the maintenance of this
symptom. Furthermore, one-third of the long-term HL and DLBCL survivors with CRF suffers
from cognitive dysfunctioning, specifically in verbal memory. Physicians should be aware of
these symptoms and might refer their patients to specialized neuropsychologist for further
screening and treatment of these complaints.
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