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C
hemotherapy-induced peripheral neuro- 

pathy (CIPN) is a disabling side ef-

fect of neurotoxic chemotherapy that 

causes neuropathic symptoms (e.g., 

numbness, tingling, shooting/burn-

ing pain) in the upper and lower extremities (Win-

ters-Stone et al., 2017). Duloxetine (60 mg per day) 

is the only recommended drug for CIPN pain, and 

the strength of recommendation for its use is moder-

ate (Loprinzi et al., 2020). Little is known about the 

mechanisms of underlying chronic CIPN pain, mak-

ing it difficult to develop mechanism-based treat-

ments for this condition. 

Although neurotoxic chemotherapy agents have 

varying antineoplastic mechanisms of action, all are 

believed to directly or indirectly invoke a dying-back 

axonopathy that is responsible for the development 

of CIPN (Fukuda et al., 2017). Chronic CIPN results 

from permanent changes in the structure and func-

tioning of the central nervous system and is therefore 

defined as neuropathic pain (Baron et al., 2010). One 

potential aspect of chronic CIPN development is 

dysregulation of the hypothalamic-pituitary-adrenal 

(HPA) axis, which is a primary regulator of the stress 

response (Eller-Smith et al., 2018). In healthy adults, 

HPA axis activation results in the release of cortisol 

to decrease peripheral inflammation (Eller-Smith et 

al., 2018). HPA axis activation ceases when cortisol 

binds to receptors in the hippocampus (Eller-Smith 

et al., 2018). However, in response to chronic stress, 

such as peripheral nerve injury, processes associated 

with HPA axis dysregulation (e.g., amygdala activa-

tion, increased corticotropin releasing factor) are 

initiated and result in cortisol dysfunction (Eller-

Smith et al., 2018). In the absence of functioning 

cortisol, peripheral nerve injury results in unchecked 

peripheral inflammation and increased sensitization 

OBJECTIVES: Little is known about the biologic 

mechanisms of chronic chemotherapy-induced 

peripheral neuropathy (CIPN) pain. The purpose of this 

secondary analysis was to explore salivary cortisol 

patterns among cancer survivors with chronic CIPN 

pain to provide preliminary data regarding the role of 

hypothalamic-pituitary-adrenal axis dysregulation in 

the pathophysiology of this condition. 

SAMPLE & SETTING: 13 cancer survivors with chronic 

CIPN pain recruited from the breast, gastrointestinal, 

and gynecologic cancer centers at Dana-Farber Cancer 

Institute in Boston, Massachusetts. 

METHODS & VARIABLES: Salivary cortisol was 

collected on awakening, 30 minutes after awakening, 

and before going to bed on two consecutive days. 

Cortisol awakening response and diurnal cortisol slope 

were calculated by averaging results across two days. 

RESULTS: Cortisol was available from 13 participants. 

The median cortisol awakening response was –0.03 

mcg/dl, and the average diurnal cortisol slope was 

–0.24 mcg/dl.

IMPLICATIONS FOR NURSING: Mechanism-based 

treatments are needed for cancer survivors with 

chronic CIPN pain. Nurse scientists may use study 

results to explore stress-related mechanisms of 

chronic CIPN pain.
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of peripheral nociceptors (Eller-Smith et al., 2018). 

Subsequently, peripheral sensitization results in 

continual nociceptive input from the chemotherapy- 

damaged nerve to the spinal cord dorsal horn, lead-

ing to neuronal hyperexcitability and decreased Aβ/Aδ 

fiber activation thresholds in a process called central 

sensitization (Latremoliere & Woolf, 2009).

One way to clinically assess HPA axis dysregula-

tion in cancer survivors is to measure salivary cortisol 

(Hulett et al., 2019). Cortisol levels in healthy adults 

increase by approximately 50% from the time of awak-

ening to 30–45 minutes after awakening (Adam & 

Kumari, 2009) and decrease gradually to their lowest 

point at bedtime (Adam et al., 2017). Evidence from a 

systematic review and meta-analysis of 80 studies (N =  

36,823 participants) suggested that a flatter diurnal 

cortisol slope (smaller decreases between cortisol at 

awakening and bedtime) is significantly associated 

with worse physical and mental health outcomes (d =  

0.147, p < 0.001 across all outcomes) (Adam et al., 

2017). Data evaluating HPA axis dysregulation, as quan-

tified by salivary cortisol levels, in cancer survivors 

with chronic CIPN are limited. The purpose of this sec-

ondary analysis was to quantify salivary cortisol levels 

among cancer survivors with chronic CIPN pain. 

Methods

Design, Setting, and Sample 

The data for this secondary analysis originated from a 

pilot, randomized controlled trial primarily designed 

to determine the feasibility of implementing a yoga 

intervention for cancer survivors with chronic CIPN 

pain (Knoerl et al., 2021). The pilot, randomized 

controlled yoga trial was guided by the Theory of 

Unpleasant Symptoms (Lenz et al., 1997), and sali-

vary cortisol to measure HPA axis dysregulation was 

included as a potential physiologic influencing factor 

of chronic CIPN pain. Participants were recruited 

from the outpatient disease centers at Dana-Farber 

Cancer Institute in Boston, Massachusetts, using 

convenience sampling procedures. Patients were 

identified via weekly screening of electronic health 

record and clinician referral. The sample consisted 

of 44 English-speaking cancer survivors with breast, 

gastrointestinal, or gynecologic cancer who were 

experiencing chronic CIPN pain. Chronic CIPN pain 

was defined as experiencing CIPN for three months 

or more following neurotoxic chemotherapy comple-

tion and reporting a worst CIPN pain intensity score 

of 4 or higher during the past week on a numeric 

scale ranging from 0 (no pain) to 10 (worst pain). 

Participants were eligible for the secondary analysis 

if they completed at least one day of the baseline sali-

vary cortisol measures. 

Data Collection

Participants provided six salivary cortisol samples 

within 10 days following consent. Cortisol was quan-

titatively profiled from saliva using a competitive 

immunoassay kit. On two consecutive days, partic-

ipants provided three salivary cortisol samples (on 

awakening, 30 minutes after awakening, and before 

going to bed) (Adam & Kumari, 2009) using an oral 

swab. Participants froze all samples at home prior 

TABLE 1. Sample Characteristics (N = 13)

Characteristic Median Range

Age (years) 158 34–74

Days since last neurotoxic chemother-

apy infusion

292 92–1,708

CIPN pain intensity at baseline 116 3–9.14

Characteristic n

Sex

Female 12

Male 11

Race 

Black or African American 11

White 12

Ethnicity 

Hispanic or Latino 11

Not Hispanic or Latino 12

Cancer type 

Breast 13

Gastrointestinal 14

Gynecologic 16

Cancer stage 

I –

II 14

III 15

Metastatic 14

Chemotherapy type 

Oxaliplatin 14

Taxanes 12

Taxanes and platinums 17

CIPN—chemotherapy-induced peripheral neuropathy
Note. CIPN pain intensity was measured using a numeric rating scale 
ranging from 0 (no pain) to 10 (worst pain). Participants’ pain intensity 
scores were collected in a 7-day diary and averaged across the 7 days.
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to shipping the samples to the Brigham Research 

Assay Core. Cortisol analyses were conducted 

by the Brigham Research Assay Core in Boston, 

Massachusetts. The intra-assay variation of testing 

analyses at the laboratory is 3%–7%, and the inter- 

assay variation is 3%–11%. The lower limit of sensi-

tivity is 0.007 mcg/dl. Cortisol collection was halted 

after the first 21 participants had been enrolled in the 

yoga trial because of COVID-19 transmission con-

cerns. Baseline samples of salivary cortisol from 13 

participants were analyzed in the current study.

Statistical Considerations

The secondary analysis included participants who 

completed at least one day of the baseline salivary 

cortisol measures. The cortisol awakening response 

was defined as the change in cortisol from awaken-

ing to 30–45 minutes after awakening, and diurnal 

cortisol slope was defined as the difference in cortisol 

between awakening and before going to bed (Adam & 

Kumari, 2009). These were both calculated by averag-

ing the results across the two days and summarized 

using descriptive statistics. 

Results

Participant Characteristics

Of the 44 randomized and eligible participants in the 

primary trial (Knoerl et al., 2021), salivary cortisol 

data were available from 13 participants at baseline. 

Table 1 describes the demographic characteristics of 

the participants included in this secondary analysis. 

Cortisol Awakening Response and  

Diurnal Cortisol Slope 

Table 2 summarizes participants’ salivary cortisol 

values on awakening, 30–45 minutes after awakening, 

and before bedtime across two consecutive days. The 

median cortisol awakening response at baseline was 

–0.03 mcg/dl (range = –0.18 to 0.71), and the median 

diurnal cortisol slope was –0.24 mcg/dl (range = –0.42 

to –0.05). 

Discussion

Baseline salivary cortisol study data revealed that 

cancer survivors with chronic CIPN pain exhibit an 

attenuated cortisol awakening response (about a 

10% decrease) and flatter diurnal cortisol slope rela-

tive to healthy adults, potentially suggestive of HPA 

axis dysregulation (Adam & Kumari, 2009; Hulett et 

al., 2019) (see Figure 1).

Regarding the parent study and future directions 

for research, although the team planned to explore 

changes in salivary cortisol as a potential biomarker 

of HPA axis dysregulation following yoga in the pilot 

randomized controlled trial, the COVID-19 pandemic 

KNOWLEDGE TRANSLATION

 ɐ Preliminary evidence suggests that cancer survivors with chron-

ic chemotherapy-induced peripheral neuropathy (CIPN) pain 

experience an attenuated cortisol awakening response and flat-

ter diurnal cortisol slope, two metrics potentially suggestive of  

hypothalamic-pituitary-adrenal axis dysregulation.

 ɐ Cancer survivors with chronic CIPN pain in this study demonstrat-

ed an attenuated cortisol awakening response (about a 10% de-

crease) relative to values in healthy adults (about a 50% increase 

in cortisol levels 30–45 minutes after awakening).

 ɐ Future research with an adequately powered sample is needed to 

investigate trends in salivary cortisol awakening response and diur-

nal cortisol slope among cancer survivors with chronic CIPN pain. 

TABLE 2. Salivary Cortisol Pattern Values (mcg/dl) Among Cancer Survivors With Chronic Chemotherapy-Induced  

Peripheral Neuropathy Pain at Baseline

Day 1 Day 2

Variable N
-—

X SD Median Range N
-—

X SD Median Range

Awakening 13 0.32 0.15 0.29 0.15 to 0.71 12 0.32 0.14 0.32 0.09 to 0.62

30–45 minutes after awakening 13 0.31 0.23 0.22 0.13 to 1 11 0.38 0.25 0.32 0.09 to 0.9

Bedtime 13 0.07 0.08 0.04 0 to 0.26 12 0.08 0.06 0.05 0.02 to 0.23

Cortisol awakening response 13 –0.01 0.24 –0.02 –0.41 to 0.61 10 0.09 0.27 0 –0.09 to 0.81

Diurnal cortisol slope 13 –0.26 0.11 –0.24 –0.45 to –0.05 11 –0.25 0.1 –0.27 –0.39 to –0.06
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limited cortisol data collection, and few postin-

tervention salivary cortisol samples were received 

(n = 5). However, preclinical research has demon-

strated that exercise interventions may restore 

HPA axis dysregulation by increasing brain-derived 

neurotrophic factor (Maniam & Morris, 2010) or 

neurogenesis (Stranahan et al., 2007) in the hip-

pocampus, thereby ceasing dysregulated HPA axis 

activity and subsequently reducing peripheral sensi-

tization (Eller-Smith et al., 2018). Clinically, studies 

demonstrate that yoga significantly alters cortisol 

levels in individuals with chronic pain (Curtis et al., 

2011).

Limitations

The analyses are exploratory in nature because of the 

high amount of missing data associated with salivary 

cortisol collection at baseline because of COVID-19 

transmission concerns. In addition, other factors may 

have influenced participants’ salivary cortisol levels 

beyond CIPN alone (e.g., steroid use). For exam-

ple, cross-sectional data demonstrate that a higher 

symptom burden (e.g., fatigue, hair loss, problems 

with sexual interest or activity) is associated with 

increased perceived stress among cancer survivors  

(N = 623) (Mazor et al., 2019). 

Implications for Nursing

Nurse scientists may use these results to inform 

future research exploring stress-related biomark-

ers of chronic CIPN pain. Results of future research 

to investigate whether salivary cortisol awakening 

response and diurnal cortisol slope are predictive 

biomarkers of the efficacy of supportive care inter-

ventions for chronic CIPN pain will provide new 

evidence surrounding a clinically useful biomarker 

and intervention target for chronic CIPN pain. 

Conclusion

The preliminary results of this study suggest that 

cancer survivors with chronic CIPN pain demonstrate 

an attenuated cortisol awakening response and flatter 

diurnal cortisol slope at baseline, suggesting that HPA 

axis dysregulation may be a contributing pathophys-

iologic mechanism to chronic CIPN pain. Additional 

research in a larger sample of cancer survivors with 

chronic CIPN pain is needed to support the salivary 

cortisol patterns identified in this research. If further 

research supports the preliminary results, investi-

gators may be able to measure the effectiveness of 

interventions targeting HPA axis dysregulation for the 

treatment of chronic CIPN pain. 
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CIPN—chemotherapy-induced peripheral neuropathy
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