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Abstract

Objective—Despite the potentially life-saving effects of stem cell transplant (SCT), many 

transplant patients experience traumatic stress reactions due to mortality threat, interpersonal 

isolation, financial and occupational loss, and invasive medical procedures. Emerging evidence 

suggests that traumarelated stress symptoms (TSS) predict significant health complications 

following SCT. The aim of the current prospective study was to examine TSS in the acute 

aftermath of SCT as a predictor of neutrophil recovery following SCT, a crucial component of 

immune defense against infection.

Methods—Fifty-one autologous SCT recipients were assessed for TSS 7 days after SCT. 

Patients’ absolute neutrophil counts were collected from medical charts for the first 30 days 

following SCT. Hierarchical linear growth modeling was used to test the hypothesis that TSS at 

day 7 would be associated with delayed recovery of neutrophil counts from days 9 to 30 post SCT, 

that is, when neutrophil counts began to recover.

Results—As hypothesized, TSS measured 7 days after SCT was significantly associated with 

slower neutrophil recovery even after pre-existing TSS, depression, distress related to physical 

symptoms, and potential medical confounds were statistically controlled. Exploratory analyses 

showed that of the TSS symptom clusters, re-experiencing symptoms and hyperarousal symptoms 

predicted neutrophil recovery, whereas avoidance symptoms did not.

Conclusion—Though traumatic stress symptoms may be a normative response to SCT, our 

findings suggest that TSS following SCT may interfere with neutrophil recovery and overall 
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health. These results provide further insight as to potential mechanisms by which traumatic stress 

translates to poor medical outcomes for SCT patients.

Background

Cancer diagnosis and treatment is often highly stressful [1] and traumatic [2]; this may be 

particularly true for the treatment of cancers that require stem cell transplants (SCTs). It is 

estimated that trauma-related stress symptoms (TSS) may affect upwards of 40% of SCT 

survivors [3]. SCT utilizes chemotherapy and/or radiation therapy to destroy cancerous cells 

as well as native bone marrow that are then replaced with hematopoietic stem cells from the 

patient in an autologous transplant [4]. Along with the potential for extending life, the 

procedure entails significant discomfort and uncertainty. In addition, psychosocial 

functioning is frequently compromised by extended periods of isolation, occupational and 

family role changes, and financial strain [5]. Although psychological distress has been 

shown to predict shorter survival in the years following SCT [6–8], the precise mechanisms 

by which psychological distress relates to mortality is largely unknown [9]. Given the high 

rates of TSS in SCT survivors, we sought to explore the impact of TSS on immune 

reconstitution among SCT patients during the first month of treatment when risk for medical 

trauma is increased and access to normal coping resources is limited.

Several aspects of SCT and the acute recovery period may increase or exacerbate TSS. 

Complications ranging from nausea and fatigue to life-threatening infection and organ 

failure are risks during SCT [8,10]. Patients may also experience mucositis (i.e., severe 

mouth sores, oral pain), decreased appetite, diarrhea, anemia, and bleeding. Physical 

symptoms are often most severe at the ‘nadir’ or when blood counts are at their lowest, 

usually occurring in the first weeks of treatment [11]. This culmination of fear of mortality, 

uncertainty, and severe physical distress can evoke significant TSS for many patients, which 

is characterized by re-experiencing of traumatic memories, avoidance, and hyperarousal. 

Moreover, hospitalization is required for 2–3 weeks following the SCT while blood counts 

recover and discharge is often dependent on blood count recovery. The fact that 

hospitalization is both lengthy and occurs for an uncertain period can interfere with patients’ 

common coping resources and processes, including social support and normal routines that 

could otherwise be beneficial for regulating distress [5]. During this time, when patients’ 

coping resources are acutely constrained, they are repeatedly exposed to stressful and 

aversive medical procedures and related stimuli that may elicit TSS [3,12]. Thus, TSS in the 

period following SCT may be an important period of vulnerability.

Preliminary evidence suggests that TSS may be a critical predictor of immune recovery in 

SCT patients. In the early weeks and months following SCT, hematopoietic progenitor cells 

replace diseased tissues and circulating blood cells. During this critical window, the 

patient’s immune system has been severely impaired secondary to high-dose chemotherapy; 

thus, the natural defense against infection is absent or weak. A critical goal for the transplant 

is the differentiation of hematopoietic progenitor cells to neutrophil cells that form the 

foundation of innate immunity against infection. The bone marrow is particularly sensitive 

to activation of the sympathetic nervous system (SNS) [13], and new evidence from animal 

models indicates that the SNS and catecholamines play critical roles in the regulation of 
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hematopoietic progenitor cells [14,15]. The potential risk to immune system reconstitution 

may be especially high for SCT recipients experiencing TSS because TSS is associated with 

stress-related activation of the hypothalamic–pituitary–adrenal axis and SNS, which in turn 

has been associated with immune dysregulation [16–18] including alterations in cellular 

immunity [19]. In particular, re-experiencing and hyperarousal are associated with elevated 

SNS activity and catecholamine secretion [20,21] that could potentially interfere with 

normal egress of hematopoietic progenitor cells [8,20,21].

Although TSS and depression are both associated with traumatic health circumstances, 

altered immune function [22–24], and poorer SCT outcomes, they may have independent 

impacts on immune recovery at the level of stress reactivity and immunological 

mechanisms. In the context of anxiety disorders, comorbid depressive symptoms may have a 

dampening effect on emotional and physiological reactivity [25,26]. Moreover, multivariate 

research has indicated that PTSD symptoms were positively associated with the 

inflammatory biomarker C-reactive protein, whereas depression was negatively associated 

with C-reactive protein in the multivariate model [22]. Although TSS as measured by the 

Impact of Events Scale has been linked to cellular immune function in the context of mass 

trauma [23], less is known how these processes might occur during SCT when the immune 

system is recovering. As such, there is a need to analyze the independent associations of 

TSS with immune recovery during SCT while also accounting for depressive symptoms, but 

no studies to date have investigated the contribution of TSS independent of depression 

symptoms to neutrophil engraftment.

The data reported below are part of a longitudinal design examining the impact of stress and 

coping on immune functioning and health status of individuals undergoing autologous SCT 

to treat malignancy. It was hypothesized that higher levels of TSS during the acutely 

stressful and physically demanding phase of the transplant process would be associated with 

a decelerated rate of neutrophil recovery in the following weeks of treatment. Neutrophil 

counts are the focus in determining adequate engraftment following bone marrow transplant; 

this is an internationally recognized benchmark utilized by bone marrow transplant (BMT) 

centers all over the world, and this data is collected as a basic requirement of reporting 

outcomes for all BMT patients under the Center for International Blood and Marrow 

Transplant Research (CIBMTR) and National Marrow Donor Program (NMDP). 

Specifically, it was expected that TSS measured proximally to the nadir, 7 days after SCT, 

would be significantly associated with a decelerated rate of neutrophil recovery from days 9 

to 30 after SCT. We further hypothesized that TSS near the nadir would be significantly 

associated with neutrophil recovery over and above pre-existing TSS prior to transplant, 

depression symptoms during transplant, distress related to acute physical symptoms, and 

potential medical confounds such as risk status and cancer diagnosis. Finally, we conducted 

exploratory analyses to examine whether specific TSS symptom clusters would have a 

stronger association with rates of neutrophil recovery.
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Methods

Participants and procedure

The institutional review board of Rush University Medical Center approved this study. 

Participants for the current study were adults (18 years of age and older) with a cancer 

diagnosis who were medically evaluated and cleared for SCT. Potential participants were 

approached upon inpatient admission to the SCT unit where informed consent was obtained. 

Participants were excluded from the study if they had already undergone a previous SCT, 

were receiving an additional or tandem transplant, were receiving a donor leukocyte 

infusion, were not proficient in reading or writing in English, had a pre-existing HIV 

diagnosis, or were currently taking medication for an active comorbid autoimmune disorder. 

Eligible participants were given a packet of self-report paper and pencil measures upon 

admission to the hospital prior to SCT (baseline) and day 7 after SCT. Neutrophil counts and 

medical variables were collected from participants’ medical charts.

A total of 68 participants who underwent autologous SCT were enrolled in the study. Of 

these 68 participants, 17 were removed from analyses because of missing data on primary 

predictors (n =10), withdrawal (n = 2) failure to follow study protocols (n = 2), changes and 

impairment in mental status (n = 2), and complications from arthritis (n = 1). The retained 

sample of 51 participants was 54.9% male with a mean age of 55.10 years (standard 

deviation (SD) = 12.04, range = 26–74) at the time of transplant. Of the participants, 63% 

identified as Caucasian, 21.6% identified as African American or black, 11.8% identified as 

Hispanic, 2.0% identified as Native American, and 2.0% identified as other ethnicity. At the 

time of baseline measurement, 64.7% of participants identified themselves as being married 

or otherwise partnered, 15.7% identified as being single, 17.6% identified as being divorced, 

and 2.0% identified as being widowed. Overall, the sample was well educated, with 98.0% 

of participants completing a high school education and 60.8% of participants having gone on 

to earn an advanced collegiate or technical degree. Participants of this study were being 

treated for non-Hodgkin’s lymphoma (n = 22, 43.1%), multiple myeloma (n = 23, 45.1%), 

and Hodgkin’s lymphoma (n =6, 11.8%).

Measures

Demographics and health and behavior questionnaire—A survey administered 

prior to transplant collected demographic information including gender; marital status; 

number of children under age 18 years; employment status; education; ethnic/racial 

identification; household income; current medications for pain, sleep, depression, or anxiety; 

and current cigarette/nicotine, alcohol, recreational drug, and caffeine use.

Medical covariates—Aspects of the medical status known to affect neutrophil recovery 

were collected from the participants’ medical records. These variables were treated as 

covariates and included cancer diagnosis, the liquid volume of the SCT dose, 

cytomegalovirus (CMV) status prior to transplant, CMV status following transplant, and 

physician-rated level of risk coded as low, medium, or high.
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The Impact of Events Scale—Revised—The Impact of Events Scale—Revised (IES-

R) is a 22-item measure of psychological distress in response to traumatic stressors [27]. 

This scale is designed to capture DSM-IV PTSD symptoms and can be broken into three 

symptom clusters: re-experiencing, hyperarousal, and avoidance. Participants were asked to 

indicate the degree to which they experienced symptoms in response to their illness and SCT 

on a five-point Likert scale (0 = not at all; 4 = extremely). Sample items include the 

following: ‘Pictures about it popped into my mind’, ‘I had dreams about it’, and ‘Any 

reminder brought back feelings about it’. The measure has been shown to demonstrate 

concurrent and discriminate validity [28]. In the current study, the measure demonstrated 

excellent internal consistency for the overall scale at baseline (α = 0.95) and day 7 after SCT 

(α = 0.95). Subscales were internally consistent at baseline and day 7 after SCT for re-

experiencing (α = 0.91, 0.91), avoidance, (α = 0.85, 0.87), and hyperarousal scales (α = 

0.87, 0.90).

The Hospital Anxiety and Depression Scale—The Hospital Anxiety and Depression 

Scale (HADS) is a 14-item measure of the presence and severity of common symptoms of 

anxiety and depression [29]. This measure is frequently used in medical populations, as it 

avoids asking about somatic symptoms of anxiety and depression that may be directly 

associated with illness or treatment. Validation studies support the internal consistency, 

factor structure, and validity of the measure [30]. The seven-item depression scale was used 

as a predictor in study analyses. The depression scale was internally consistent in the current 

sample at baseline (α = 0.68) and day 7 after SCT (α = 0.85).

Cancer Treatment and Distress Scale—The Cancer Treatment and Distress Scale 

(CTXD) is 28-item measure of cancer-related distress [31]. Patients rate the extent they 

experienced distress using a four-point Likert scale (0 = none to 3 = severe). Items included 

the following: ‘Getting through chemotherapy, radiation therapy or other treatments’, 

‘Difficulty eating or tasting food’, ‘Mouth or throat sores’, ‘Procedures I have to go 

through’, and ‘Nausea and vomiting’. For the current analysis, the acute symptoms subscale 

was used to adjust models for distress related to acute cancer symptoms that may be 

confounded with TSS. The scale was internally consistent at day 7 after SCT (α =0.88).

Neutrophil count—Patients’ absolute neutrophil counts were collected from patients’ 

medical charts for the first 30 days following SCT. Normal neutrophil counts range from 

1500 to 8000 cells/μL [32].

Analyses

All analyses were conducted in SPSS version 20 [33]. Descriptive statistics were computed 

to characterize the sample and variables of interest. Given the number of individuals 

excluded because of missing data, we calculated Little’s MCAR [34] to establish the extent 

to which data were missing completely at random. This analysis was non-significant 

χ2(3,63)=1.91, p > 0.05, suggesting that the data met criteria for missing completely at 

random and that missingness would not bias the estimates of study analyses. Following the 

example of McGregor and colleagues [17], mixed modeling with fixed and random effects 

for intercept and slope was used to model growth trajectories of patients’ absolute neutrophil 
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counts between days 9 and 30. This window was selected because day 9 represented the start 

of neutophil recovery after transplant for this study population. In total, 492 neutrophil 

counts were obtained from the 51 identified participants. Missing data were estimated with 

maximum likelihood estimation procedures. As with McGregor and colleagues [17], we 

rejected the use of an unstructured covariance matrix as this reduces statistical power. 

Because neutrophil levels tended to rise and then stabilize following a hyperbolic function, a 

log transformation was applied to the time variable to more accurately model the nonlinear 

shape of neutrophil recovery [35]. When plotted in mathematical space, the log 

transformation has the function of modeling the nonlinear neutrophil recovery over time. In 

this nonlinear function, the rate of neutrophil recovery decelerates over time. Refer to figure 

1 for an illustration of the predicted growth curve models for one SD above and below the 

mean. TSS scores were centered at the grand mean and entered as a predictor of initial 

neutrophil count and slope, as was depression. Covariates included gender, filgrastim 

treatment, stem cell dose, physician rated risk, and CMV status prior to and following 

transplant.

Results

Overall, participants reported significant distress before and after SCT. The mean score on 

the IES-R scale at baseline was 16.74 (SD = 15.18) and 20.53 (SD = 18.22) at day 7 after 

SCT. On the basis of a suggested clinical cutoff of 33, approximately 13% of the sample 

screened positive for significant TSS at baseline, and this frequency increased to 17% by 

day 7 after SCT [36]. The mean score on the HADS depression scale was 3.42 (SD = 2.53) 

at baseline and was 7.43 (SD = 4.73) at day 7 after SCT. On the basis of a suggested clinical 

cutoff of 8 for clinical depression [37], 4% screened positive for significant depressive 

symptoms at baseline with approximately 42% reporting significant depressive symptoms at 

day 7 after SCT.

Unconditional growth model

Two unconditional models were used to evaluate the overall pattern of neutrophil 

reconstitution. We began with a linear model, but visual inspection of the data suggested a 

hyperbolic smoothing of neutrophil recovery and a nonlinear model with the time variable 

log transformed. The log transformed model provided better fit to the data (linear model 1 

AIC = 2891.767 versus nonlinear model 2 AIC = 2836.510) and was retained for conditional 

analyses.

Conditional growth models

Conditional models were used to evaluate the relationship between TSS scores and the rate 

of neutrophil recovery. We investigated the associations between TSS at day 7 after SCT 

and neutrophil recovery. In the first conditional model, TSS scores assessed at day 7 after 

SCT were unrelated to initial neutrophil status (B = 0.01 SE = 0.02, p = 0.79) and tended to 

be associated with a shallower slope of neutrophil recovery (B = −0.02 SE = 0.01, p = 0.05). 

The second conditional model included the medical covariates described earlier, distress 

related to acute symptoms, depression symptoms, and TSS prior to SCT (Table 1). In this 

fully adjusted model, TSS at day 7 was not significantly related to initial neutrophil status (B 
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= 0.02 SE = 0.03, p = 0.48) but was significantly associated with a shallower slope of 

neutrophil recovery (B = −0.03 SE = 0.01, p = 0.03). Finally, this model was recomputed 

with non-significant covariates removed to conserve power; TSS at day 7 remained a 

significant predictor of neutrophil recovery with a similar sized effect. Figure 1 depicts the 

neutrophil status at the mean TSS score at day 7 after SCT, and one SD above and below the 

mean. Simple slope analyses indicated that the slope of neutrophil recovery was 

approximately twice the rate among individuals with PTSD symptoms one SD below the 

mean (B = 1.94 S = 0.28, p < 0.001), compared with individuals with PTSD symptoms one 

SD below the mean (B = 1.02 SE = 0.28, p < 0.001). TSS were negatively associated with 

estimated neutrophil counts at day +30 (B = −0.09 SE = 0.03, p < 0.01).

We then repeated the conditional growth models using the IES-R subscales (re-

experiencing, avoidance, and hyperarousal) to evaluate whether specific traumatic stress 

symptoms drive the association between TSS and neutophil recovery. Re-experiencing 

symptoms were unrelated to initial neutrophil status (B = 0.02 SE = 0.05, p = 0.69) but were 

significantly associated with a shallower slope of neutrophil recovery (B = −0.05 SE = 0.03, 

p = 0.04). Similarly, hyperarousal symptoms were unrelated to initial neutrophil status (B = 

0.01 SE = 0.06, p = 0.85) but were significantly associated with a shallower slope of 

neutrophil recovery (B = −0.06 SE = 0.03, p = 0.04). By contrast, avoidance symptoms were 

not related to initial neutrophil status (B = 0.01 SE = 0.05, p = 0.89) or slope of neutrophil 

recovery (B = −0.04 SE = 0.03, p = 0.16). Notably, depression and the interaction of 

depression with time were not significant predictors of neutrophil count in any of the 

models. A diagnosis of multiple myeloma was the only other significant predictor of 

neutrophil counts.

Discussion

To our knowledge, the current study is the first to document an independent relationship 

between TSS and rate of neutrophil recovery following autologous SCT. Participants 

undergoing autologous SCT reported significant levels of distress during the week following 

transplant, with approximately one in six experiencing clinically significant TSS. Consistent 

with our primary hypothesis, TSS measured 7 days after transplant were associated with a 

slower rate of recovery in the neutrophil cell line 9 to 30 days after transplant. This 

relationship between TSS at day 7 and subsequent neutrophil recovery held after accounting 

for TSS prior to transplant, depression, distress related to physical symptoms, and potential 

medical confounds including diagnosis, risk status, and chemotherapeutic regimens. 

Adjustment for distress related to cancer symptoms at day 7 provides evidence that the 

association between TSS and the slope of neutrophil engraftment is not explained by 

uncomfortable symptoms at the low point of treatment. Moreover, adjustment for 

preexisting TSS prior to SCT suggests that TSS during the active phase of treatment may be 

the more potent predictor of neutrophil recovery. To illustrate, individuals with TSS falling 

one SD above the mean had rates of neutrophil recovery that were approximately half 

compared with individuals with TSS falling one SD below the mean.

Our findings extend the recent work of McGregor and colleagues [17] and Knight and 

colleagues [38]. Whereas McGregor documented an association between a composite 
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measure of psychological distress and white blood cell recovery and Knight documented an 

association between anxiety and neutrophil status, our study more specifically isolated a 

relationship between TSS and neutrophil recovery. Exploratory analysis revealed that 

symptoms of re-experiencing and hyperarousal significantly predicted slower neutrophil 

recovery. In contrast, avoidance symptoms were not significantly related to neutrophil 

recovery, lending further support to the hypothesis that it is the unique aspects of reliving 

trauma and hyperarousal that compromise neutrophil status following SCT. This finding is 

consistent with the hypothesis that symptoms associated with SNS arousal predict slower 

immune recovery. The nonsignificant relationship between avoidance and neutrophil 

recovery could be attributed to several possibilities including an inability to avoid trauma 

reminders while at the hospital.

The results of this analysis warrant further investigation of the biochemical mechanisms by 

which TSS impact neutrophil recovery and related medical outcomes in SCT patients. 

Moreover, future studies should examine the specific forms of psychological distress and 

symptoms that are most closely linked to immune recovery. For instance, plasma 

norepinephrine levels were found to be higher among war veterans with PTSD alone 

compared with veterans with PTSD and depression [39]. The unique symptoms of re-

experiencing and hyperasoual are avenues for further exploration as these symptoms are 

particularly associated elevated SNS activity and hypersecretion of catecholamines [21]. 

Researchers should explore the possibility of measuring norepinephrine and other lymphoid 

organ neurotransmitters to determine whether alterations in these chemicals mediate the 

relationship between TSS and impaired neutrophil reconstitution.

Strengths and limitations

Strengths of the current study include the longitudinal assessment of neutrophil recovery 

over a 21-day period, and the use of validated measures of TSS and depression symptoms. 

In total, 492 neutrophil measurements were analyzed with advanced hierarchical growth 

modeling techniques, and potential confounders including preexisting TSS, depression 

symptoms, disease type, medical risk, and distress related to acute symptoms were addressed 

in the final model. The limited period of the study limits interpretations of whether our 

measure captures PTSD or acute stress reactions, and more research is needed to clarify 

whether the time course of TSS relates to more distal transplant outcomes such as 

cardiovascular complications, diabetes, cancer recurrence, and mortality. It is also unclear 

how these results may generalize to other oncology samples and whether the longitudinal 

relationship between TSS and subsequent neutrophil recovery is causal in nature or related 

to confounding variables unmeasured in the current analysis. Finally, although neutrophil 

recovery is the primary benchmark for evaluating the acute effectiveness of SCT, it is just 

one indicator of immune reconstitution and other markers such as total white blood cell 

count, natural killer cells, monocytes, and inflammatory markers should be considered in 

future research [8,16].

Implications

Results of the current study have important implications for psycho-oncology services for 

patients undergoing SCT. Although limited, much of psycho-oncology literature has 
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emphasized the role of depression in transplant recovery and survival. More research is 

needed to determine the specific aspects of the SCT process that may exacerbate or evoke 

new symptoms of TSS. Our results suggest a more targeted investigation of prevention and 

intervention efforts aimed at the reduction of traumatic stress utilizing principles of trauma 

informed care [12]. Traumatic stress may be a fairly normative response to SCT; however, 

these symptoms, and intrusive re-experiencing and hyperarasoual in particular, may interfere 

with neutrophil recovery and overall health. Although evidence-based treatments are 

available for the treatment of traumatic stress, these treatments are often contraindicated 

during the initial period following SCT because cognitive resources required to engage in 

traditional psychotherapy may be limited by medical procedures, medication, and fatigue. A 

promising alternative strategy would instead activate and preserve coping resources in the 

individual, family, and medical team [12] as part of a comprehensive multi-level 

intervention [40]. Such an intervention should focus on the regulation of acute TSS directly 

in the medical context of the SCT unit.
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Figure 1. 
Neutrophil recovery days 9 to 30 post transplant. Mean–mean day 7 IES-R score; HI PTSD–

one SD above mean day 7 IES-R score; LO PTSD–one SD below mean day 7 IES-R score
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