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Purpose: Insomnia in cancer patients is a common symptom contributing to

poor quality of life and poor functioning. Sleep disturbances have been

associated with inflammatory activity, and systemic cancer therapies

chemotherapy, hormonal therapy, and immunotherapy may cause insomnia.

We have carried out a meta-analysis to estimate the occurrence of insomnia in

patients with solid cancer treated with immunotherapy using checkpoint

inhibitors (CPI).

Methods: PubMed and ClinicalTrials.gov were searched for phase 3 studies in

solid tumours where treatment included a checkpoint inhibitor in the

experimental arm. Data on the incidence of insomnia were acquired from

the adverse events tables available from clinicaltrials.gov and/or from the full

texts. Random effect logistic model was used to compare pooled data.

Heterogeneity between studies was assessed using Cochrane Q statistics and

I2 statistics.

Results: A total of 54 studies (including six three-arm studies) involving 37,352

patients were included in the analysis. Insomnia was reported in 8.3% of

subjects (95% confidence interval [CI] 8.0%-8.7%) treated with

immunotherapy. Insomnia was significantly more common in patients

receiving immunotherapy compared to those enrolled in study arms with

inactive treatment (odds ratio [OR] 1.49, 95% CI 1.13-1.96). The odds for

insomnia were similar between the arms for studies comparing CPI versus

chemotherapy and CPI versus non-immunologic targeted therapies (OR 1.07,

95% CI 0.94-1.22 and OR 1.40, 95% CI 0.90-2.18, respectively). The OR for

insomnia was higher for cytotoxic T-lymphocyte antigen 4 (CTLA-4) receptor

inhibitors compared to the inhibitors of programmed death-1 (PD-1) receptor

(OR 1.36, 95% CI 1.06 – 1.74).
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Conclusion: Cancer immunotherapy using CPI is associated with insomnia but

the odds of developing the symptom are not greater with immunotherapy than

with other systemic modalities including chemotherapy and non-immunologic

targeted therapies.
KEYWORDS
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Introduction

Insomnia is a common and underestimated problem in

cancer patients. Insomnia is an important contributing factor

to poor quality of life, chronic fatigue, and impaired cognitive

functioning. The aetiology of insomnia in cancer patients is

multifactorial. Sleep disturbances may be the cause but also the

consequence of chronic fatigue, depression, anxiety, and

cognitive impairment. Important causes of insomnia in cancer

patients also include pain or physical discomfort, decreased

physical activity and changes in sleeping routine, such as

occurring during hospitalizations (1).

Sleep disturbances have been linked to increased cancer risk,

with evidence pointing to a causal relationship between lack of

sleep and, especially, endocrine function-related cancers such as

prostate and breast carcinoma (2–4). On the other hand, the

chronic inflammatory state associated with conditions such as

diabetes, autoimmune disease, and cancer has been shown to

trigger disruption in circadian rhythm manifesting as insomnia

(5–7). Systemic cancer treatments including chemotherapy,

hormonal therapy, and immunotherapy using checkpoint

inhibitors (CPI) have been associated with insomnia (8–10).

CPIs are a part of standard treatment for many solid and

haematological malignancies, radically improving the

prognosis of a significant proportion of patients. However,

monoclonal antibodies inhibiting the programmed death

(PD)-1 receptor, its ligand PD-L1, and the cytotoxic T-

lymphocyte antigen 4 (CTLA-4) receptor are also associated

with activation of inflammatory processes. Treatment with these

agents specifically designed to stimulate antitumour immune

responses leads to complex changes in the immune system (11,

12). Due to the strong link between inflammation and sleep

disorders, there is a rationale to examine the occurrence of

insomnia during therapy with CPIs (13, 14).

The aim of the present meta-analysis was to examine the

incidence of insomnia as an adverse event in clinical trials with

CPIs in patients with solid cancers, and to compare its

occurrence in patients treated with CPIs to those receiving

other systemic therapies for solid cancers, including

chemotherapy and non-immunologic targeted agents.
02
Methods

Study selection

The search was carried out in the PubMed and

ClinicalTrials.gov databases using terms “cancer” and

“ipilimumab or MDX-010”, “nivolumab or MDX-1106”,

“avelumab or MSB0010718C”, “durvalumab or MEDI-4736”,

“pembrolizumab or MK-3475”, “atezolizumab or MPDL3280A”,

“tremelimumab or CP-675,206”, “cemiplimab or REGN2810”

(15). The database searches were performed on February 1,

2021. Furthermore, recent systematic studies were screened for

further studies missed by the database search (16, 17). The study

selection process is shown in Figure 1. The search was limited to

phase 3 studies with in extenso publications in English and with

tabulated adverse event data in the ClinicalTrials.gov database or

in the available article. For all identified studies, the incidence of

insomnia was determined from the adverse event tables. Two

authors retrieved the data independently. The study was

performed according to the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) guidelines (18).

Statistical analysis

The percentages and confidence intervals of patients with

insomnia were reported within each study, as well as an

aggregate for the different classes of CPI agents. The odds

ratio (OR) and confidence interval (CI) for each study were

reported. The types of treatment in the CPI arms were classified

as follows: CPI, CPI in combination with chemotherapy, and

CPI in combination with non-immunologic targeted therapy.

Differences between the individual types of CPI were

analysed for the following categories: anti-PD-1 agents, anti-

PDL-1 agents, anti-CTLA-4 agents, and combinations of anti-

CTLA-4 agents with anti-PD-1/L1 antibodies (anti-PD-1 and

anti-PD-L1 agents were analysed jointly in combinations with

antiCTLA-4 drugs) (15). If control arm contained the

combination of chemotherapy and a non-immunologic

targeted agent, it was classified as "chemotherapy" for the

meta-analysis.
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The random effect model was used to compare pooled data

(19). Two-arm and three-arm studies were included in the meta-

analysis. A three-arm study with two experimental arms (E1 and

E2) and one control arm (C) will generate two study arm pairs

(E1 versus C; E2 versus C). Data from three-arm studies

included in the meta-analysis were processed according to a

method recommended by Rucker et al. (splitting the shared

group of multi-arm trials in pairwise meta-analysis) (20).

Cochrane Q statistics and I2 statistics were used to estimate

heterogeneity. Certainty of evidence was assessed per Grading of

Recommendations, Assessment, Development and Evaluations

(GRADE) guidelines (21). I2 values were used to classify

heterogeneity as low (<25%), intermediate (25-75%), or high

(>75%) (22).

The logistic model with random effect was used to compare

different classes of immunotherapy agents, i.e. those targeting

PD-1, PD-L1, and CTLA-4, respectively. All statistical analyses

were performed using software R version 3.6.3 (R Foundation

for Statistical Computing, Vienna, Austria) using the R package

meta (23).
Results

Selection of studies

A total of 8,632 records of phase 3 studies for cancer were

identified in the initial step of the search. Of 93 studies using CPI

therapy in the experimental arm, 54 studies (including six three-

arm studies) enrolling 37,352 patients with evaluated toxicity were

included in the present analysis. The list of the included studies is

provided in Supplementary Table 1 (24–77).

The solid cancers treated in the included studies were the

following: lung cancer (23 studies), melanoma (six studies), renal

cancer (five studies), urothelial cancer (five studies), head and

neck carcinoma (four studies), breast cancer (three studies),
Frontiers in Oncology 03
gastro-oesophageal junction cancer (three studies),

mesothelioma (two studies), prostate cancer (two studies),

gastric, oesophageal or colorectal cancer, hepatocellular

carcinoma (one study each). The pairwise analysis was carried

out comparing 60 study arm-pairs: two study pairs were

generated for each of the three-arm studies comparing each of

the CPI-containing arms with the control arm. Because high-

grade (grade 3) insomnia was not reported in the included

studies, all-grade insomnia was analysed (78). Summary of the

results is shown in Table 1.

The Cochrane risk of bias tool was used for quality

assessment. The main source of was performance bias, i.e., the

lack of blinding of participants and personnel in some studies

(Supplementary Table 1). Because the analysed studies were all

randomised phase III trials, there was a low risk of other types of

bias including random sequence generation, allocation

concealment, blinding of outcome assessment, incomplete

outcome data, and selective reporting bias. The risk of

evidence selection bias was low because insomnia was not the

main assessed parameter or the clinically most important

toxicity in any of the studies.

Overall incidence of insomnia in patients
treated with CPI

Insomnia was reported in 8.3% of subjects (95% CI 8.0%-

8.7%) treated with immunotherapy. Across all types of control

arms, the OR of insomnia was 1.15 (95% CI 1.05–1.25) (Table 2).

The highest OR for insomnia was detected for the combination

of antiCTLA-4 and antiPD-1/L1 agents (OR 1.36, 95% CI 1.06 –

1.75 using antiPD-1 agents as reference). The OR was also higher

for antiCTLA-4 therapy compared to antiPD1 drugs (OR 1.36,

95% CI 1.05-1.74) and, moderately but statistically significantly

also for antiPDL1 agents compared to antiPD1 drugs (OR 1.22,

95% CI 1.00-1.49) (Table 3). The heterogeneity was low for all

drug classes except for the comparison of antiCTLA-4 versus

antiPD-1 where it was intermediate (Table 4).
FIGURE 1

Selection process of the studies used in meta-analysis.
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CPI versus inactive control arm (placebo
and/or best supportive care)

Nine studies were carried out comparing a CPI to inactive

treatment, including one three-arm study. In total, 10 study arm

pairs were analysed. The control arm was considered inactive if

the allocated patients received placebo therapy or best

supportive care but not active antineoplastic systemic agents.

Insomnia was significantly more common in patients receiving

immunotherapy compared to those enrolled in study arms with

inactive treatment (OR 1.49, 95% CI 1.13-1.96). There was an

intermediate heterogeneity among the studies (Table 5).
CPI versus chemotherapy

Themeta-analysis was carried out for 24 individual randomised

studies including two three-arm studies. The odds for insomnia

were similar between the arms (OR 1.07, 95% CI 0.94-1.22). There

was a low heterogeneity among the studies (Table 6).
CPI with non-immunologic targeted
therapy versus non-immunologic
targeted therapy alone

All studies (n=3) in this category involved therapy for

metastatic renal cell carcinoma. There was a trend to increased

occurrence of insomnia in the immunotherapy arms (OR 1.40,

95% CI 0.90-2.18) that however failed to reach statistical

significance. There was an intermediate heterogeneity among

the studies (Table 7).
Frontiers in Oncology 04
CPI with chemotherapy versus
chemotherapy alone

Fifteen studies including one three-arm study (i.e. 16 study

arm pairs) were included in the analysis, of those 10 (66%) were

carried out in lung cancer. There was no significant difference in

the risk of insomnia (OR 1.13, 95% CI 0.96-1.33) with an

intermediate heterogeneity (Table 8).
Discussion

The results of the present extensive meta-analysis of phase

III trials indicate that treatment with CPI for solid cancers is

associated with increased risk of insomnia. However, the odds of

insomnia are not increased compared to other systemic

antineoplastic modalities such as chemotherapy and non-

immunologic targeted therapies. Immune system activation

occurring with CPI therapy is the putative causative

mechanism linking the treatment with insomnia.

There is a strong, bidirectional link between insomnia and

inflammation. Poor sleeping consistency has been associated

with increase in inflammatory markers, including interleukin

(IL)-6 and C-reactive protein (CRP) as well as serum amyloid-a,
tumour necrosis factor-a, and granulocyte-macrophage colony-

stimulating factor (13, 14). IL-6 is a proinflammatory cytokine

and elevated levels have been detected in advanced cancer as well

as during autoimmune adverse events in patients treated with

CPI. Indeed, an anti-IL-6 agent, tocilizumab, is used for the

treatment of corticosteroid-refractory autoimmune toxicities

(81–83). IL-17 has also been associated with CPI efficacy and

toxicity but also with sleep restriction (84–86).
TABLE 1 Risk of all-grade insomnia – summary of results.

Type of
analysed studies

Arms Number of
participants

Number of study
arm pairs

Rate of events, %
(95% CI)

Odds ratio
(95% CI)

Heterogeneity Certainty of
evidence

Q (p
value)

I2,%
(95% CI)

All CPI 21192 60 8.3 (8.0–8.7) 1.15 (1.05–1.25) 73.4
(0.099)

19.6 (0.0–
42.1)

High

control 16160 7.4 (7.0–7.8)

CPI vs inactive
control

CPI 3431 10 7.9 (7.0–8.9) 1.49 (1.13–1.96) 13.6
(0.136)

33.9 (0.0–
68.5)

Moderate

control 2484 5.4 (4.5–6.3)

CPI vs CT CPI 8715 26 7.1 (6.6–7.7) 1.07 (0.94–1.22) 24.6
(0.483)

0.0 (0.0–
42.4)

High

control 6918 6.6 (6.0–7.2)

CPI+CT vs CT CPI 5851 16 10.3 (9.6–11.2) 1.13 (0.96–1.33) 21.6
(0.119)

30.5 (0.0–
61.9)

Moderate

control 4704 9.4 (8.6–10.3)

CPI + TT vs TT CPI 1328 3 9.9 (8.4–11.7) 1.40 (0.90–2.18) 4.9
(0.087)

59.0 (0.0–
88.3)

Moderate

control 1300 7.3 (6.0–8.9)
CPI, checkpoint inhibitor; CT, chemotherapy; TT, non-immunologic targeted therapy; CI, confidence interval.
Statistically significant differences between arms per odds ratio are highlighted.
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TABLE 2 Odds ratio of insomnia in randomised studies of checkpoint inhibitors versus all types of control (control arm as reference).

Study Diagnosis Inhibitor N (contr/CPI) OR (95% CI) p value

Hodi et al., (24) Melanoma CTLA-4 132/511 0.83 (0.45–1.53) 0.544

Robert et al., (25) Melanoma CTLA-4 251/247 1.44 (0.74–2.80) 0.289

Kwon et al., (36) Prostate CTLA-4 396/393 0.91 (0.55–1.52) 0.722

Borghaei et al., (47) Lung PD-1 268/287 0.84 (0.45–1.57) 0.581

Brahmer et al., (58) Lung PD-1 129/131 1.16 (0.38–3.54) 0.798

Motzer et al., (69) Renal PD-1 397/406 1.06 (0.61–1.84) 0.844

Eggermont et al., (74) Melanoma CTLA-4 474/471 2.28 (1.34–3.89) 0.003

Ferris et al., (75) Head and neck PD-1 111/236 0.80 (0.30–2.08) 0.641

Herbst et al., (76) Lung PD-1 309/682 0.95 (0.55–1.64) 0.85

Reck et al., (77), 1 Lung CTLA-4 561/562 0.84 (0.57–1.23) 0.371

Reck et al., (26), 2 Lung PD-1 150/154 1.44 (0.60–3.49) 0.414

Antonia et al., (27) Lung PD-L1 234/475 1.34 (0.75–2.39) 0.329

Beer et al., (28) Prostate CTLA-4 199/399 2.22 (1.05–4.69) 0.036

Bellmunt et al., (29) Urothelial PD-1 255/266 0.79 (0.40–1.58) 0.514

Carbone et al., (30) Lung PD-1 263/267 0.87 (0.44–1.72) 0.695

Govindan et al., 2017 (79) Lung CTLA-4 473/475 1.27 (0.85–1.90) 0.234

Maio et al., 2017 (80) Mesothelioma CTLA-4 189/380 1.12 (0.57–2.21) 0.746

Rittmeyer et al., (32) Lung PD-L1 578/609 1.26 (0.83–1.91) 0.275

Barlesi et al., (78) Lung PD-L1 365/393 0.79 (0.42–1.49) 0.469

Gandhi et al., (34) Lung PD-1 202/405 0.85 (0.43–1.67) 0.63

Horn et al., (35) Lung PD-L1 196/198 1.15 (0.53–2.49) 0.716

Larkin et al., (37) Melanoma PD-1 102/268 2.17 (0.88–5.36) 0.093

Motzer et al., (38) Renal CTLA-4+PD-1 535/547 1.69 (1.09–2.62) 0.018

Paz-Ares et al., (39) Lung PD-1 280/278 1.25 (0.70–2.23) 0.447

Powles et al., (40) Urothelial PD-L1 443/459 1.04 (0.67–1.62) 0.869

Shitara et al., (41) Gastric PD-1 276/294 0.60 (0.31–1.16) 0.132

Schmid et al., (42) Breast PD-L1 430/460 0.97 (0.64–1.45) 0.871

Socinski et al., (33) Lung PD-L1 394/793 1.21 (0.81–1.81) 0.34

Cohen et al., (43) Head and neck PD-1 234/246 1.25 (0.65–2.43) 0.502

Eng et al., (44) Colorectal PD-L1 80/269 1.52 (0.43–5.37) 0.519

Mok et al., (45) Lung PD-1 615/635 0.71 (0.45–1.13) 0.152

Paz-Ares et al., (73) Lung CTLA-4+PD-1 266/266 1.93 (0.96–3.88) 0.065

Paz-Ares et al., (73) Lung PD-L1 266/265 1.85 (0.92–3.73) 0.086

Rini, Plimack, et al., (48) Renal PD-1 425/429 0.91 (0.56–1.46) 0.685

Rini, Powles, et al., (49) Renal PD-L1 446/451 0.99 (0.61–1.61) 0.961

West et al., (50) Lung PD-L1 232/473 1.09 (0.69–1.72) 0.716

Wu et al., (68) Lung PD-1 156/337 0.73 (0.36–1.50) 0.393

(Continued)
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Evidence suggests a common link between circadian cycle

and cancer mediated by circadian core genes (2–4). An

extensive meta-analysis of related to sleep disorders and

inflammatory markers confirmed association between

disturbed circadian rhythms and inflammatory markers

including CRP and IL-6 (13). The circadian rhythm of IL-6

is altered in patients with chronic insomnia, providing a

possible link between chronic inflammatory state induced by

cancer and/or CPI and insomnia (87). Fatigue is another result
Frontiers in Oncology 06
of this immune activation, and the question has been addressed

in a recent analysis by our group (15).

Recently, in an animal model, overexpression of NF-kB

has been identified as the common underlying factor for

insomnia and inflammation (88). Circadian clock genes play

a complex role in cancer development and anti-cancer

immune response, regulating even the formation of tumour-

related immune cell infiltrates (88, 89). Thus, there is ample

evidence that excessive, chronic inflammatory activation may
TABLE 2 Continued

Study Diagnosis Inhibitor N (contr/CPI) OR (95% CI) p value

Burtness et al., (70) Head and neck PD-1 287/276 1.24 (0.70–2.19) 0.466

Ferris et al., (51) Head and neck CTLA-4+PD-1 240/246 1.62 (0.66–3.98) 0.294

Ferris et al.,
(51)

Head and neck PD-L1 240/237 0.88 (0.31–2.47) 0.812

Finn et al., (71) HCC PD-1 134/279 0.71 (0.28–1.78) 0.461

Gutzmer et al., (52) Melanoma PD-L1 281/230 0.76 (0.36–1.60) 0.468

Herbst et al., (53) Lung PD-L1 263/286 1.38 (0.70–2.72) 0.355

Jotte et al., (54) Lung PD-L1 334/334 1.12 (0.65–1.93) 0.678

Kojima et al., (55) Esophagus PD-1 296/314 1.51 (0.79–2.90) 0.21

Mittendorf et al., (56) Breast PD-L1 164/167 0.56 (0.33–0.95) 0.03

Powles et al., (57) Urothelial CTLA-4+PD-1 315/340 1.71 (0.87–3.34) 0.12

Powles et al., (57) Urothelial PD-L1 315/345 1.68 (0.86–3.29) 0.131

Powles et al., (59) Urothelial PD-L1 345/344 2.74 (1.20–6.27) 0.017

Rizvi et al., (60) Lung PD-L1 352/369 1.18 (0.66–2.12) 0.57

Rizvi et al., (60) Lung CTLA-4+PD-1 352/371 1.66 (0.96–2.88) 0.07

Rudin et al., (61) Lung PD-1 223/223 0.88 (0.50–1.56) 0.661

Baas et al., (62) Mesothelioma CTLA-4 284/300 1.77 (0.92–3.41) 0.086

Motzer et al., (63) Renal PD-1 340/352 1.84 (1.06–3.20) 0.032

Owonikoko et al., (64) Lung PD-1 273/279 1.12 (0.55–2.28) 0.764

Owonikoko et al., (64) Lung CTLA-4+PD-1 273/165 2.37 (1.18–4.78) 0.016

Paz-Ares et al., 2021 Lung CTLA-4+PD-1 349/358 1.84 (0.90–3.78) 0.097

Powles et al., (65) Urothelial PD-1 342/349 2.27 (1.23–4.19) 0.009

Powles et al., (65) Urothelial PD-1 342/302 1.37 (0.69–2.71) 0.369

Winer et al., (66) Breast PD-1 292/309 0.55 (0.24–1.29) 0.169

Total: antiCTLA-4 CTLA-4 2959/3738 1.27 (0.98–1.64) 0.074

Total: antiPD-1 PD-1 6359/8004 1.02 (0.89–1.17) 0.777

Total: antiCTLA-4+antiPD-1 CTLA-4+PD-1 2330/2293 1.79 (1.42–2.27) <0.001

Total: antiPD-L1 PD-L1 5958/7157 1.11 (0.97–1.27) 0.118

Total 16160/21192 1.15 (1.05–1.25) 0.003
fronti
Contr, control arm; CPI, checkpoint inhibitor arm; OR, odds ratio; CI, confidence interval; HCC, hepatocellular carcinoma; PD-1, programmed death-1; PD-L1, programmed death-1
ligand; CTLA-4, cytotoxic T-lymphocyte antigen 4.
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TABLE 4 Heterogeneity estimates for all studies/study arms.

Group Number of studies N (contr/CPI) Q (p value) I2 (95% CI) [%]

Total: CTLA-4 9 2959/3738 15.7 (0.046) 49.2 (0.0–76.3)

Total: PD-1 25 6359/8004 25.2 (0.394) 4.9 (0.0–35.9)

Total: CTLA-4+PD-1 7 2330/2293 0.9 (0.990) 0.0 (0.0–0.0)

Total: PD-L1 19 5958/7157 19.3 (0.375) 6.6 (0.0–40.9)

Total 60 16160/21192 73.4 (0.099) 19.6 (0.0–42.1)
Frontiers in Oncology
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Contr, control arm; CPI, checkpoint inhibitor arm; CI, confidence interval; PD-1, programmed death-1; PD-L1, programmed death-1 ligand; CTLA-4, cytotoxic T-lymphocyte antigen 4.
TABLE 5 Odds ratio of insomnia in randomised studies of checkpoint inhibitors versus inactive treatment (placebo and/or best supportive care),
with control arm used as reference.

Study Diagnosis Inhibitor N (contr/CPI) OR (95% CI) p value

Kwon et al., (36) Prostate CTLA-4 396/393 0.91 (0.55–1.52) 0.722

Eggermont et al., (74) Melanoma CTLA-4 474/471 2.28 (1.34–3.89) 0.003

Antonia et al., (27) Lung PD-L1 234/475 1.34 (0.75–2.39) 0.329

Beer et al., (28) Prostate CTLA-4 199/399 2.22 (1.05–4.69) 0.036

Maio et al., (80) Mesothelioma CTLA-4 189/380 1.12 (0.57–2.21) 0.746

Ferris et al., (51) Head and neck CTLA-4+PD-1 240/246 1.62 (0.66–3.98) 0.294

Finn et al., (71) HCC PD-1 134/279 0.71 (0.28–1.78) 0.461

Powles et al., (59) Urothelial PD-L1 345/344 2.74 (1.20–6.27) 0.017

Owonikoko et al., (64) Lung PD-1 273/279 1.12 (0.55–2.28) 0.764

Owonikoko et al., (64) Lung CTLA-4+PD-1 273/165 2.37 (1.18–4.78) 0.016

Total 2484/3431 1.49 (1.13–1.96) 0.005
fronti
Contr, control arm; CPI, checkpoint inhibitor arm; OR, odds ratio; CI, confidence interval; HCC, hepatocellular carcinoma; PD-1, programmed death-1; PD-L1, programmed death-1
ligand; CTLA-4, cytotoxic T-lymphocyte antigen 4.
TABLE 3 Odds ratio of insomnia according to type of immunotherapy (antiPD-1 agents as reference).

Study arm Receptor (immunotherapy arm) OR (95% CI) p value

Total CTLA-4 1.24 (0.96–1.60) 0.101

CTLA-4+PD-1 1.21 (0.94–1.54) 0.135

PD-L1 1.16 (0.95–1.42) 0.136

Control arm CTLA-4 1.08 (0.78–1.48) 0.642

CTLA-4+PD-1 0.80 (0.55–1.16) 0.239

PD-L1 1.11 (0.87–1.44) 0.402

Immunotherapy CTLA-4 1.36 (1.06–1.74) 0.014

CTLA-4+PD-1 1.36 (1.05–1.75) 0.018

PD-L1 1.22 (1.00–1.49) 0.045
Contr, control arm; CPI, checkpoint inhibitor arm; OR, odds ratio; CI, confidence interval; PD-1, programmed death-1; PD-L1, programmed death-1 ligand; CTLA-4, cytotoxic T-
lymphocyte antigen 4.
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TABLE 6 Odds ratio of insomnia in randomised studies of checkpoint inhibitors versus chemotherapy (control arm as reference).

Study Diagnosis Receptor N (contr/CPI) OR (95% CI) p value

Borghaei et al., (47) Lung PD-1 268/287 0.84 (0.45–1.57) 0.581

Brahmer et al., (58) Lung PD-1 129/131 1.16 (0.38–3.54) 0.798

Ferris et al., (75) Head and neck PD-1 111/236 0.80 (0.30–2.08) 0.641

Herbst et al., (76) Lung PD-1 309/682 0.95 (0.55–1.64) 0.850

Reck et al., (26) Lung PD-1 150/154 1.44 (0.60–3.49) 0.414

Bellmunt et al., (29) Urothelial PD-1 255/266 0.79 (0.40–1.58) 0.514

Carbone et al., (30) Lung PD-1 263/267 0.87 (0.44–1.72) 0.695

Rittmeyer et al., (32) Lung PD-L1 578/609 1.26 (0.83–1.91) 0.275

Barlesi et al., (72) Lung PD-L1 365/393 0.79 (0.42–1.49) 0.469

Larkin et al., (37) Melanoma PD-1 102/268 2.17 (0.88–5.36) 0.093

Paz-Ares et al., (39) Lung PD-1 280/278 1.25 (0.70–2.23) 0.447

Powles et al., (40) Urothelial PD-L1 443/459 1.04 (0.67–1.62) 0.869

Shitara et al., (41) Gastric PD-1 276/294 0.60 (0.31–1.16) 0.132

Cohen et al., (43) Head and neck PD-1 234/246 1.25 (0.65–2.43) 0.502

Mok et al., (45) Lung PD-1 615/635 0.71 (0.45–1.13) 0.152

Wu et al., (68) Lung PD-1 156/337 0.73 (0.36–1.50) 0.393

Ferris et al., (51) Head and neck PD-L1 240/237 0.88 (0.31–2.47) 0.812

Herbst et al., (53) Lung PD-L1 263/286 1.38 (0.70–2.72) 0.355

Kojima et al., (55) Esophagus PD-1 296/314 1.51 (0.79–2.90) 0.210

Powles et al., (57) Urothelial CTLA-4+PD-1 315/340 1.71 (0.87–3.34) 0.120

Powles et al., (57) Urothelial PD-L1 315/345 1.68 (0.86–3.29) 0.131

Rizvi et al., (60) Lung PD-L1 352/369 1.18 (0.66–2.12) 0.570

Rizvi et al., (60) Lung CTLA-4+PD-1 352/371 1.66 (0.96–2.88) 0.070

Baas et al., (62) Mesothelioma CTLA-4 284/300 1.77 (0.92–3.41) 0.086

Powles et al., (65) Urothelial PD-1 342/302 1.37 (0.69–2.71) 0.369

Winer et al., (66) Breast PD-1 292/309 0.55 (0.24–1.29) 0.169

Total 6918/8715 1.07 (0.94–1.22) 0.288
Frontiers in Oncology
 08
 fronti
Contr, control arm; CPI, checkpoint inhibitor arm; OR, odds ratio; CI, confidence interval; PD-1, programmed death-1; PD-L1, programmed death-1 ligand; CTLA-4, cytotoxic T-
lymphocyte antigen 4.
TABLE 7 Odds ratio of insomnia in randomised studies of checkpoint inhibitors versus non-immunologic targeted therapies (control arm as
reference).

Study Diagnosis Receptor N (contr/CPI) OR (95% CI) p value

Motzer et al., (38) Renal CTLA-4+PD-1 535/547 1.69 (1.09–2.62) 0.018

Rini et al., (49) Renal PD-1 425/429 0.91 (0.56–1.46) 0.685

Motzer et al., (63) Renal PD-1 340/352 1.84 (1.06–3.20) 0.032

Total 1300/1328 1.40 (0.90–2.18) 0.131
Contr, control arm; CPI, checkpoint inhibitor arm; OR, odds ratio; CI, confidence interval; PD-1, programmed death-1; PD-L1, programmed death-1 ligand; CTLA-4, cytotoxic T-
lymphocyte antigen 4.
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provide a link between cancer, cancer therapies, and insomnia

(5, 90).

Interestingly, on the other side of the spectrum of sleep

disorders, narcolepsy type 1 is thought to have autoimmune

aetiology and T cells directed against hypocretin/orexin neurons

have been identified in some patients (91). A case report

has been published of narcolepsy possibly caused by

pembrolizumab (92).

A recent pioneering study, the first to look specifically at the

population of cancer patients treated with CPI has been

published by (10). They did not find any association between

the occurrence of insomnia, obstructive sleep apnoea and the

number of CPI infusions. However, the study was relatively

small and, as our analysis shows, the effect of CPI on insomnia is

relatively modest.

Insomnia recorded during a cancer-related clinical trial is

self-reported and is a composite endpoint covering sleep

inconsistency (night-to-night variability in sleep pattern), short

sleep duration relative to patient previous habits or expectations,

poor sleep quality (including mid-sleep awakenings), and

unrefreshing sleep. Insomnia as an adverse event represents an

increase in the severity of the symptom over the study period

and the follow-up. Thus, the relatively low incidence of insomnia
Frontiers in Oncology 09
in the analysed studies does not reflect the pre-existing insomnia

which is thought to affect 30-75% of cancer patients, a

prevalence approximately three times higher than in the

healthy population (1, 10, 93, 94). In a very recent study,

Ashraf et al. reported that the prevalence of sleep disturbance

reached 67.9% in a population of patients with solid

malignancies. The complaint was mostly not addressed by

attending oncologists (95). The wide reported incidence range

probably reflects different populations and methodology,

particularly questionnaires versus symptom reporting (13).

Various diagnostic criteria are used, including broadly defined

sleep problems per Common Terminology Criteria for Adverse

Events (CTCAE), and, at the other end of the spectrum, the very

detailed insomnia disorder (i.e. primary insomnia) definition

provided by the Diagnostic and Statistical Manual of Mental

Disorders (78, 96). Notably, the latter excludes medication-

induced insomnia and is consequently less useful for the

oncology practice.

There are several limitations of our meta-analysis. There is

the possibility of underreporting the very common symptom

present at baseline in many patients, and the fact that the

severity and type of sleep disturbances may change over the

course of cancer and therapy. Longitudinal evolution of
TABLE 8 Odds ratio of insomnia in randomised studies of checkpoint inhibitors combined with chemotherapy versus chemotherapy (control arm
as reference).

Study Diagnosis Inhibitor N (contr/CPI) OR (95% CI) p value

Robert et al., (25) Melanoma CTLA-4 251/247 1.44 (0.74–2.80) 0.289

Reck et al., (77) Lung CTLA-4 561/562 0.84 (0.57–1.23) 0.371

Govindan et al., (79) Lung CTLA-4 473/475 1.27 (0.85–1.90) 0.234

Gandhi et al., (34) Lung PD-1 202/405 0.85 (0.43–1.67) 0.630

Horn et al., (35) Lung PD-L1 196/198 1.15 (0.53–2.49) 0.716

Schmid et al., (42) Breast PD-L1 430/460 0.97 (0.64–1.45) 0.871

Socinski et al., (33) Lung PD-L1 394/793 1.21 (0.81–1.81) 0.340

Paz-Ares et al., (73) Lung CTLA-4+PD-1 266/266 1.93 (0.96–3.88) 0.065

Paz-Ares et al., (73) Lung PD-L1 266/265 1.85 (0.92–3.73) 0.086

West et al., (50) Lung PD-L1 232/473 1.09 (0.69–1.72) 0.716

Burtness et al., (70) Head and neck PD-1 287/276 1.24 (0.70–2.19) 0.466

Jotte et al., (54) Lung PD-L1 334/334 1.12 (0.65–1.93) 0.678

Mittendorf et al., (56) Breast PD-L1 164/167 0.56 (0.33–0.95) 0.030

Rudin et al., (61) Lung PD-1 223/223 0.88 (0.50–1.56) 0.661

Paz-Ares et al., (49) Lung CTLA-4+PD-1 349/358 1.84 (0.90–3.78) 0.097

Powles et al., (65) Urothelial PD-1 342/349 2.27 (1.23–4.19) 0.009

Total 4704/5851 1.13 (0.96–1.33) 0.143
fronti
Contr, control arm; CPI, checkpoint inhibitor arm; OR, odds ratio; CI, confidence interval; PD-1, programmed death-1; PD-L1, programmed death-1 ligand; CTLA-4, cytotoxic T-
lymphocyte antigen 4.
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insomnia in clinical trials can be assessed using formal quality of

life (QoL) analysis using standard QoL questionnaires. Sleep

disturbances are more prevalent in women and there is also a

stronger association between insomnia and inflammation in

females (7) but we have not been able to account for this fact

in the present meta-analysis as gender-specific toxicity data were

not available from published sources. Insomnia has been

reported as an early symptom in autoimmune endocrine

abnormalities in patients treated with CPI but we did not test

this correlation in the present study (97). Insomnia is also linked

to cognitive impairment (98). There are currently few reports

assessing the cognitive sequelae of CPI therapy, and the topic

remains an interesting research question for the future (99).
Conclusion

Cancer immunotherapy using CPI is clearly associated with

insomnia. The risk of insomnia as an adverse event was not

significantly higher in patients treated with CPI compared to

those receiving chemotherapy. AntiCTLA-4 agents are

associated with higher incidence of insomnia compared to PD-

1/PD-L1 inhibitors.
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Pembrolizumab versus chemotherapy for PD-L1-Positive non-Small-Cell lung
cancer. N Engl J Med (2016) 375:1823–33. doi: 10.1056/NEJMoa1606774

78. US Department of Health and Human Services, National Institutes of
Health and National Cancer Institute. Common Terminology Criteria for
Adverse Events (CTCAE) Version 5. (2017). Available at: https://ctep.cancer.gov/
protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_
5x7.pdf [Accessed May 01, 2022]

79. Govindan R, Szczesna A, Ahn M-J, Schneider C-P, Gonzalez Mella PF,
Barlesi F, et al. Phase III trial of ipilimumab combined with paclitaxel and
carboplatin in advanced squamous non-Small-Cell lung cancer. J Clin Oncol
(2017) 35:34493457. doi: 10.1200/JCO.2016.71.7629
frontiersin.org

https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S1470-2045(20)30641-0
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1056/NEJMoa1816714
https://doi.org/10.1016/S0140-6736(19)30723-8
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/j.annonc.2020.04.001
https://doi.org/10.1016/S0140-6736(20)30934-X
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1016/j.jtho.2020.03.028
https://doi.org/10.1200/JCO.20.01888
https://doi.org/10.1016/S0140-6736(20)31953-X
https://doi.org/10.1016/S1470-2045(20)30541-6
https://doi.org/10.1016/S1470-2045(20)30541-6
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1056/NEJMoa2002788
https://doi.org/10.1001/jamaoncol.2020.0237
https://doi.org/10.1001/jamaoncol.2020.0237
https://doi.org/10.1200/JCO.20.00793
https://doi.org/10.1016/S0140-6736(20)32714-8
https://doi.org/10.1016/S0140-6736(20)32714-8
https://doi.org/10.1056/NEJMoa2035716
https://doi.org/10.1200/JCO.20.02212
https://doi.org/10.1016/S1470-2045(21)00152-2
https://doi.org/10.1016/S1470-2045(20)30754-3
https://doi.org/10.1056/NEJMoa1814630
https://doi.org/10.1016/j.jtho.2019.01.006
https://doi.org/10.1016/j.jtho.2019.01.006
https://doi.org/10.1056/NEJMoa1510665
https://doi.org/10.1016/S0140-6736(19)32591-7
https://doi.org/10.1200/JCO.19.01307
https://doi.org/10.1016/S1470-2045(18)30673-9
https://doi.org/10.1016/S0140-6736(19)32222-6
https://doi.org/10.1056/NEJMoa1611299
https://doi.org/10.1056/NEJMoa1602252
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1056/NEJMoa1606774
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf
https://doi.org/10.1200/JCO.2016.71.7629
https://doi.org/10.3389/fonc.2022.946307
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Kiss et al. 10.3389/fonc.2022.946307
80. Maio M, Scherpereel A, Calabrò L, Aerts J, Perez SC, Bearz A, et al.
Tremelimumab as second-line or third-line treatment in relapsed malignant
mesothelioma (DETERMINE): a multicentre, international, randomised, double-
blind, placebo-controlled phase 2b trial. Lancet Oncol (2017) 18:12611273.
doi: 10.1016/S1470-2045(17)30446-1

81. Yang T, Yang Y, Wang D, Li C, Qu Y, Guo J, et al. The clinical value of
cytokines in chronic fatigue syndrome. J Transl Med (2019) 17:213. doi: 10.1186/
s12967-019-1948-6

82. Dimitriou F, Hogan S, Menzies AM, Dummer R, Long GV. Interleukin-6
blockade for prophylaxis and management of immune-related adverse events in
cancer immunotherapy. Eur J Cancer (2021) 157:214–24. doi: 10.1016/
j.ejca.2021.08.031

83. Stroud CR, Hegde A, Cherry C, Naqash AR, Sharma N, Addepalli S, et al.
Tocilizumab for the management of immune mediated adverse events secondary to
PD-1 blockade. J Oncol Pharm Pract Off Publ Int Soc Oncol Pharm Pract (2019)
25:551–7. doi: 10.1177/1078155217745144

84. Tarhini AA, Zahoor H, Lin Y, Malhotra U, Sander C, Butterfield LH, et al.
Baseline circulating IL-17 predicts toxicity while TGF-b1 and IL-10 are prognostic
of relapse in ipilimumab neoadjuvant therapy of melanoma. J Immunother Cancer
(2015) 3:39. doi: 10.1186/s40425-015-0081-1

85. Esfahani K, Miller WHJ. Reversal of autoimmune toxicity and loss of tumor
response by interleukin-17 blockade. N Engl J Med (2017) 376:1989–91.
doi: 10.1056/NEJMc1703047

86. van Leeuwen WMA, Lehto M, Karisola P, Lindholm H, Luukkonen R,
Sallinen M, et al. Sleep restriction increases the risk of developing
cardiovascular diseases by augmenting proinflammatory responses
through IL-17 and CRP. PloS One (2009) 4:e4589. doi: 10.1371/journal.
pone.0004589

87. Vgontzas AN, Zoumakis M, Papanicolaou DA, Bixler EO, Prolo P, Lin H-M,
et al. Chronic insomnia is associated with a shift of interleukin-6 and tumor
necrosis factor secretion from nighttime to daytime.Metabolism (2002) 51:887–92.
doi: 10.1053/meta.2002.33357

88. Hong H-K, Maury E, Ramsey KM, Perelis M, Marcheva B, Omura C, et al.
Requirement for NF-kB in maintenance of molecular and behavioral circadian
rhythms in mice. Genes Dev (2018) 32:1367–79. doi: 10.1101/gad.319228.118
Frontiers in Oncology 13
89. Zhang Z, Zeng P, Gao W, Zhou Q, Feng T, Tian X. Circadian clock: A
regulator of the immunity in cancer. Cell Commun Signal (2021) 19:37.
doi: 10.1186/s12964-021-00721-2

90. Bower JE, Ganz PA, Irwin MR, Kwan L, Breen EC, Cole SW. Inflammation
and behavioral symptoms after breast cancer treatment: Do fatigue, depression,
and sleep disturbance share a common underlying mechanism? J Clin Oncol Off J
Am Soc Clin Oncol (2011) 29:3517–22. doi: 10.1200/JCO.2011.36.1154

91. Kornum BR. Narcolepsy type I as an autoimmune disorder. Handb Clin
Neurol (2021) 181:161–72. doi: 10.1016/B978-0-12-820683-6.00012-9

92. Natori Y, Sasaki E, Soeda S, Furukawa S, Azami Y, Tokuda E, et al. Risk of
immunotherapy-related narcolepsy in genetically predisposed patients: A case
report of narcolepsy after administration of pembrolizumab. J Immunother
Cancer (2020) 8. doi: 10.1136/jitc-2020-001164

93. Malone M, Harris AL, Luscombe DK. Assessment of the impact of cancer on
work, recreation, home management and sleep using a general health status
measure. J R Soc Med (1994) 87:386–9.

94. Berger AM, Parker KP, Young-McCaughan S, Mallory GA, Barsevick AM,
Beck SL, et al. Sleep wake disturbances in people with cancer and their caregivers:
state of the science. Oncol Nurs Forum (2005) 32:E98–126. doi: 10.1188/
05.ONF.E98-E126

95. Ashraf S, Jafri MAS, Alsharedi MF. Insomnia in cancer patients. J Clin Oncol
(2021) 39:e18651–1. doi: 10.1200/JCO.2021.39.15_suppl.e18651

96. Edition F. Diagnostic and statistical manual of mental disorders. Am
Psychiatr Assoc (2013) 21:591–643.

97. Griewing LM, Schweizer C, Schubert P, Rutzner S, Eckstein M, Frey B, et al.
Questionnaire-based detection of immune-related adverse events in cancer patients
treated with PD-1/PD-L1 immune checkpoint inhibitors. BMC Cancer (2021)
21:314. doi: 10.1186/s12885-021-08006-0

98. Chellappa SL, Morris CJ, Scheer FAJL. Effects of circadian misalignment on
cognition in chronic shift workers. Sci Rep (2019) 9:699. doi: 10.1038/s41598-018-
36762-w

99. Joly F, Castel H, Tron L, Lange M, Vardy J. Potential effect of
immunotherapy agents on cognitive function in cancer patients. J Natl Cancer
Inst (2020) 112:123–7. doi: 10.1093/jnci/djz168
frontiersin.org

https://doi.org/10.1016/S1470-2045(17)30446-1
https://doi.org/10.1186/s12967-019-1948-6
https://doi.org/10.1186/s12967-019-1948-6
https://doi.org/10.1016/j.ejca.2021.08.031
https://doi.org/10.1016/j.ejca.2021.08.031
https://doi.org/10.1177/1078155217745144
https://doi.org/10.1186/s40425-015-0081-1
https://doi.org/10.1056/NEJMc1703047
https://doi.org/10.1371/journal.pone.0004589
https://doi.org/10.1371/journal.pone.0004589
https://doi.org/10.1053/meta.2002.33357
https://doi.org/10.1101/gad.319228.118
https://doi.org/10.1186/s12964-021-00721-2
https://doi.org/10.1200/JCO.2011.36.1154
https://doi.org/10.1016/B978-0-12-820683-6.00012-9
https://doi.org/10.1136/jitc-2020-001164
https://doi.org/10.1188/05.ONF.E98-E126
https://doi.org/10.1188/05.ONF.E98-E126
https://doi.org/10.1200/JCO.2021.39.15_suppl.e18651
https://doi.org/10.1186/s12885-021-08006-0
https://doi.org/10.1038/s41598-018-36762-w
https://doi.org/10.1038/s41598-018-36762-w
https://doi.org/10.1093/jnci/djz168
https://doi.org/10.3389/fonc.2022.946307
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Insomnia in patients treated with checkpoint inhibitors for cancer: A meta-analysis
	Introduction
	Methods
	Study selection
	Statistical analysis

	Results
	Selection of studies
	Overall incidence of insomnia in patients treated with CPI
	CPI versus inactive control arm (placebo and/or best supportive care)
	CPI versus chemotherapy
	CPI with non-immunologic targeted therapy versus non-immunologic targeted therapy alone
	CPI with chemotherapy versus chemotherapy alone

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


