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5.0 INTRODUCTION 

5.1 Snhjpnt, Purpose, and Soopp of thp Rpsparoh 

Neutropenia and the associated risk of infection in women receiving cytotoxic 
chemotherapy remains a significant clinical problem in the treatment of breast cancer. 
Dose intensification, which would increase the antineoplastic efficacy of standard 
chemotherapy treatments, is constrained by the increased risk of infection as the 
myelotoxic side effects become more severe. It is therefore important to consider 
factors that may contribute to the risk of infection in these patients. One such factor 
is suggested by accumulating evidence that psychological stress increases the risk 
of infection in otherwise healthy individuals. The ongoing research is the first to 
examine the effects of psychological stress on neutropenia and infectious disease in 
patients receiving chemotherapy. Greater understanding of the processes involved in 
the effects of psychological stress on neutropenia and infectious disease in these 
patients may lead to novel therapeutic approaches ranging from psychological 
interventions to pharmacologic manipulation of neuroendocrine influences on the 
immune system. 

During this second year of the planned four-year study, our goals were to continue 
to recruit subjects and to conduct exploratory statistical analyses of some basic 
elements of the study, which can be appropriately addressed at this midway point of 
the research. As expected at this stage of our four-year prospective, longitudinal 
study, the currently available data do not provide sufficient statistical power for the 
specific aims to be fully addressed. On the other hand, data are sufficient to allow the 
preliminary investigation of one of the key issues directly relevant to the overall goal 
of the research; specifically, the possible relations between patients' psychological 
distress prior to chemotherapy and their subsequent experience of infectious disease. 
Fifty five subjects were recruited for this study. 

5.2      The Background of Previous Work 

The ongoing research, described below, investigates the hypothesis that 
psychological stress contributes to the increased risk of infectious disease in women 
receiving cytotoxic chemotherapy for breast cancer. This hypothesis is based upon 
three well established lines of research: 1) psychological stress (operationally defined 
either as negative events, or as negative emotional states) has been found to be 
associated with increased incidence and severity of a variety of infectious illnesses 
in otherwise healthy individuals facing the stresses of ordinary life [1,2]; 2) women 
diagnosed with breast cancer face the extraordinary stresses of life-threatening 
illness, disfiguring surgery, and the aversive side-effects of chemotherapy treatment 
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[3]; 3) concurrent with these psychological stresses, immune defenses against 
infectious disease are severely compromised during treatment as a result of 
myelotoxic side effects [4]. These three lines of previous work are reviewed briefly 
below. Considered together, this previous literature supports the view that the effect 
of psychological factors on infecious disease may be particularly potent in patients 
undergoing chemotherapy for breast cancer. 

5.21 The effects nf psychological stress nn infections disease: Two recent reviews 
of this literature have concluded that research evidence supports the view that 
psychological stress (defined in a number of ways) alters susceptibility to infectious 
disease, as well as influencing the severity and course of illness [1,2]. The studies 
summarized in these reviews indicate that: 1) during periods of psychological stress, 
individuals report more upper respiratory infections and are more likely to seek 
medical attention; 2) periods of psychological stress are associated with increased 
numbers of verified upper respiratory infections; 3) individuals with high levels of 
psychological stress have increased numbers of verified bacterial infections (e.g., 
streptococcal infections); 4) there is some evidence that psychological stress is 
associated with reactivation of latent viruses (e.g., herpes). 

Perhaps the most convincing support for the hypothesis that psychological stress 
influences infectious disease comes from recent experimental studies in which men 
and women were deliberately exposed to live rhinoviruses [6-8]. Cohen and 
colleagues [6,8] found that the incidence of verified infection was higher in individuals 
reporting more perceived stress and negative affect prior to inoculation with live virus. 
As infectious symptoms are typically only seen in approximately two thirds of infected 
individuals, it was of interest that such symptoms (e.g., fever, runny nose) were 
found to be more common in individuals who experienced more major life events, the 
classic concept of Holmes and Rahe [9] over the year prior to experimental infection 
[8]. Similarly, we have found that experimentally infected individuals showing 
symptoms of infection, experienced more major life events (e.g., loss of job, 
promotion at work) in the year preceding the inoculation with live virus, compared to 
those without symptoms [7]. 

The effects of life events on infection are not limited to major Stressors; changes in 
daily life events and psychological affect have also been found to be related to the 
onset of upper respiratory infections [10-12]. These studies have generally revealed 
a pattern of increased undesirable daily events and decreased desirable events four 
to five days before episodes of upper respiratory illness (defined by a constellation of 
daily self-reported symptoms) [10-13]. As symptoms of upper respiratory infection 
have been shown to develop two to three days after experimental infection [14], it 
is highly unlikely that these results are a consequence of the infectious disease itself. 
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The biological mechanisms linking psychological stress to increased incidence and 
severity of infectious disease are not yet well understood, but preclinical studies have 
revealed both afferent and efferent pathways linking the brain and the immune system 
[15]. Consistent with the possibility that altered immune defenses may mediate the 
relation between psychological stress and illness, studies of healthy individuals have 
repeatedly demonstrated that stress can affect both the number and activity of white 
blood cells [16,17]. 

5.22 Psychological distress associated with chemotherapy for hreast rancor: In 
addition to the stresses posed by the diagnosis of cancer and disfiguring surgery [3], 
standard therapy for breast cancer increasingly includes repeated treatments with 
cytotoxic chemotherapy, which has a number of noxious side effects (e.g, nausea, 
hair loss). Heightened emotional distress in breast cancer patients during 
chemotherapy has been well documented both by our research group and others [18- 
21]. The highest levels of emotional distress have been repeatedly found to occur on 
the day of the first chemotherapy infusion [20,21]. 

5.23 Chemotherapy-induced nentropenia and risk of infection: Despite improvements 
in antibiotic treatments, infectious disease continues to be the leading cause of death 
for patients with neoplastic disease [4]. Patients with neoplastic disease, particularly 
those receiving cytotoxic chemotherapy treatment, such as those now in routine use 
for breast cancer, are at increased risk of developing a variety of infectious diseases 
associated with immune compromise [22]. These infections include both life- 
threatening episodes (e.g., systemic bacterial infection) and less serious episodes 
(e.g., recrudescence of herpes simplex virus) [22]. Although one would also expect 
significant increases in common upper respiratory illness, the ongoing study is the 
first to assess the full spectrum of infectious disease in women receiving 
chemotherapy for breast cancer. 

Since the classic study by Bodey and colleagues [23], chemotherapy-induced 
granulocytopenia has become recognized as the single best predictor of infectious 
disease in cancer patients receiving cytotoxic chemotherapy, although deficits in 
cellular and humoral immunity are also likely to play a role [24]. Accumulating 
evidence indicates that the risk of infection is correlated with three indices of 
neutropenia derived from intensive assessment of the absolute neutrophil count 
(ANC): 1) the number of days with ANC < 1000/mm2; 2) the lowest ANC (nadir 
level); and 3) the area defined by a plot of ANC across days where the ANC is < 
1000/mm2 [25]. This evidence has fueled considerable recent interest in treatment 
with granulocyte colony-stimulating factor (G-CSF) to speed recovery [25]. Although 
clinical trials suggest the potential clinical utility of G-CSF treatment, it should be 
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noted that such treatment shortens but does not eliminate chemotherapy-induced 
neutropenia [24]. 

Grounded in the previous research, reviewed above, the purpose of our ongoing research 
program is to investigate the effects of psychological stress on neutropenia and infectious 
disease in patients receiving standard cytotoxic chemotherapy treatment for breast cancer. 
More specifically, the present study tested the hypothesis that patients experiencing more 
emotional distress on the day of their first infusion of chemotherapy would have an 
increased incidence infectious disease during their course of their first three cycles of 
chemotherapy treatment. 

6.0     BODY 

6.10 Experimental Methods 

6.11 Suhjects 

Fifty-six women scheduled to receive outpatient intravenous adjuvant infusions of 
chemotherapy (cyclophosphamide, methotrexate, 5-flourouracil and/or adriamycin) for 
Stage I or II breast cancer, status post radical, modified radical, or segmental breast 
surgery were included in the study. All subjects in the study were patients who were 
treated with chemotherapy infusions on a three week cycle, which was accompanied 
by a standard regimen of I.V. antiemetic medications. The participants were 
consecutively recruited from an outpatient clinic to an ongoing research project; those 
with complete psychological and infection data were included in the present study. 
All subjects provided informed consent prior to their participation in the study and had 
to meet the following requirements: 1) at least 18 years of age; 2) not pregnant; 3) 
Karnofsky performance status greater than 70; 4) no previous chemotherapy 
treatment; 5) patient not scheduled to receive radiation or oral chemotherapy 
treatments during the course of their chemotherapy. Seventy-one percent of the 
patients had attended some college, 86% were employed outside the home, 64% 
were married, and 82% described themselves as white. 

6.12 Procedures 

Consecutive patients scheduled for chemotherapy, who were identified by their 
oncologists as meeting study criteria, were recruited for the study. Prior to their first 
treatment infusion, the study was explained and all participants provided written 
informed consent. As in our previous research [20,21], patients completed several 
study measures (described in detail below) in the clinic waiting area before treatment 
infusions. To reduce study burden, patients were also allowed to take several 

8 
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measures home with them to complete at their convience some time between 
infusions. For asesssment of absolute neutrophil counts, blood samples were obtained 
by trained phlebomists prior to treatment infusions. The measures included in the 
study are described in more detail below. 

6.13    Measures 

Demographic and Medical History Questionnaire: This questionnaire was developed 
by the investigators to assess standard demographic variables and to provide 
information on each patient's medical history. The self-reported information on 
medical history pertaining to their cancer and its treatment was confirmed by review 
of patients' medical charts. 

Profile of Mood States (Short version): Prior to each chemotherapy infusion, patients 
completed the short version of the classic mood adjective checklist, the Profile of 
Mood States (POMS-SV) [26]. The POMS-SV contains 37 adjectives comprising six 
subscales (Tension-Anxiety, Depression-Dejection, Anger-Hostility, Vigor-Activity, 
Fatigue-Inertia, and Confusion-Bewilderment), which are summed to provide a total 
mood disturbance (e.g., distress) score [26]. Patients were asked to respond 
accordingly to, How have you been feeling today, by rating each POMS-SV item on 
a zero to four scale (0 = not at all, 1 = a little, 2 = moderately, 3 = quite a 
lot,   4 =   extremely ) [26]. 

Impact of Event Scale Intrusion Subscale (IES-1): Prior to the first infusion, patients 
completed the intrusion subscale of the Impact of Event Scale (IES-I) [27] to measure 
intrusive thoughts about the upcoming chemotherapy infusion. The IES-I consists of 
seven sentences describing intrusive thinking, "over the past week including today." 
Each item was rated on a four point scale according to the following: 0 = not at 
all,   1  =   rarely,   3 =   sometimes,   and 5 =   often   [27]. 

Visual Analog Scales (VAS): In the clinic, while awaiting chemotherapy infusions, 
participants completed VAS to assess the intensity of emotional upset and nausea, 
for "right now" as previously described [20,21]. Participants placed a slash across 
ten centimeter lines to indicate how they were feeling relative to anchor statements 
at the ends of each line. For emotional upset the VAS had anchors of "Not at all 
upset," and "As upset as I could be." For nausea the VAS had anchors of: "Not at 
all nauseated," and "As nauseated as I could be." Scores were obtained by measuring 
the distance in millimeters from the left end point of the line to the participants mark 
[20,21]. 

Infection Questionnaire: This brief questionnaire was designed by the investigators 
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to provide an indication of the prevalence of infectious disease between treatment 
infusions. Participants were asked to indicate the presence or absence of the 
following, since their previous chemotherapy infusion (a three week interval): Colds, 
fever, urinary tract infection, cold sores, or other infections. For the purposes of the 
present study, incidence of infectious disease was operationally defined by the self- 
reported number of colds, urinary tract infections, and other infections. Reports of 
fever and cold sores were excluded due to their potential lack of independence from 
reports of colds. As the incidence of infectious disease was relatively low and there 
was no significant difference (p>0.20) in the incidence following the first, second, 
and third infusions, a combinded infection score was created by summing the 
reported infections across the three cycles of chemotherapy. 

Complete Blood Count (CBC): CBC with differential, performed by a clinical laboratory 
using laser light scatter and enzyme cytochemistry of coded samples, was assessed 
on the day samples were collected. 

6.14   Statistical Analyses 

Standard statistical analyses were performed using a statistical software package 
(SAS, Cary, SC). Preliminary analysis of the distribution of combined infection scores 
indicated a non-normal distribution (p>0.05). Therefore, subsequent regression 
analyses in which the combined infection scores were the dependent variables were 
conducted with a Poisson distribution (SAS GENMOD procedure). To provide a more 
conservative approach to the results, we also treated infection as a dichotomous 
variable and examined relations to other study variables (e.g. psychological distress). 
That is, we compared those patients who reported experiencing one or more 
infectious diseases following the first three infusions of chemotherapy (N = 28) to 
those who did not experience any (N = 28). 

6.20 Results 

6.21 Relation hetween emotional distress prior to chemotherapy and snhsequent 
incidence of infectious disease during treatment 

Consistent with the study hypothesis, a regression analysis (Poisson) revealed that 
patients' total mood disturbance scores on the day of their first chemotherpay 
infusions predicted their subsequent experience of infectious disease across the first 
three cycles of treatment (X2 = 4.82, p^L0.03). This relation is represented graphically 
in Figure 1, below. The more conservative statistical approach of comparing women 
who experienced one or more infectious diseases across the first three cycles of 
chemotherapy to women with none, also revealed a significant relation to their total 

10 
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mood disturbance scores on the day of their first chemotherapy infusion 
[F(1,55) = 3.88, pj£L0.05]. Interestingly, there were no significant differences 
between patients who did and did not have infectious diseases with regard to their 
intrusive thoughts or their accute distress at the time of the first infusion (p's >0.50). 
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Figure 1 

6.22   Could differences in demographic or merlinal variahles have annniintfiri fnr thfi 
relation hfitwfifin distrsss (POMS) and subsequent infpntinns rlispasfi? 

In a correlational study such as this one, it is critical to consider the possibility that 
the relation beween infectious disease and the patients' levels of emotional distress 
on the day of their first chemotherapy infusions could have been due to uncontrolled 
confounding variables. To address this possibility, we compared women who 
experienced one or more infectious diseases across the first three cycles of 
chemotherapy to women who experienced none. We found no significant differences 
between these two groups of women with regard to demographic variables, including: 
age, race, education, marital status, or employment status (p's >0.20). We also 
found no evidence to support the possibility that women with and without infectious 
diseases differed on relavent medical variables, including: the size of their tumors, 
the number of positive nodes, the tumor stage, the number of days since surgery, or 
the type of chemotherapy regimen (p's >0.20).   We also found no support for the 
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possibility that group of women who developed infectious diseases may have been 
more likely to have received their first infusion during the cold/flu season (p>0.35). 

6.23   Could  the   relation   hetween   emotional   Hktrpt;«;   (POMS)   anH   gnhcpgnpnt 
infections disease he due tn differences in CRC rnimts prinr tn chemotherapy? 

We examined the possibility that differences in CBC counts in blood samples collected 
a few minutes before the assessment of patients' distress (total mood disturbance, 
POMS) in the clinic prior to patients' first chemotherapy infusion may have been 
related to their subsequent development of infectious diseases. For these analyses, 
the women who subsequently experienced one or more infectious diseases across 
their first 3 cycles of chemotherapy were compared to those who experienced no 
infectious disease with regard to: white blood cell counts (WBC) absolute neutrophil 
counts (ANC), absolute lymphocyte counts (ALC), and absolute monocyte counts 
(AMC). As shown in Table 1, the women who subsequently developed infectious 
disease had significantly lower ANC prior to chemotherapy. ANC prior to 
chemotherapy, however, was not found to be significantly related to patients' levels 
of emotional distress (POMS) assessed at that time (p>0.20). A logistic regression 
analysis entering both of these variables revealed significant, independent, main 
effects (with no interaction), indicating that emotional distress and absolute neutrophil 
counts on the day of patients' first chemotherapy infusion were independent 
predictors of the subsequent development of infectious disease (Table 2). 

Relations Between Immune Measures 
and Infection 

No Infection      Infection 
Mean (SEI         Mean (SE) Statistics 

WBC 8.6 (0.9)            7.0 (0.4) p<0.08 

ANC 5.4 (0.7)             3.6 (0.4) p<0.03 

ALC 2.1 (0.2)            2.3 (0.1) p<0.40 

AMC 0.7 (0.1)            0.5 (0.1) p<0.29 

Logistic Regression Analysis of 
Infection Incidence 

Predictor x2 
Statistics 

ANC 3.87 p<0.05 

POMS 4.36 p<0.04 

Table 1 Table 2 
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6.30   Prohlems in accomplishing any nf the tasks 

We continue to have difficulty collecting CBC data on patients between treatment 
infusions. This information is no longer required as part of standard care and many 
patients willing to be in the study otherwise, are unwilling to provide the additional 
blood samples necessary. We have also had some difficulty getting patients to 
complete all study materials in a timely fashion (i.e., finish all questionnaires in clinic 
in the time available prior to treatment infusions). To address this issue, we have 
streamlined the questionnaires and focused the questionnaires in the clinic on time- 
dependent measures (e.g., distress right now) and allowed patients to take less time- 
critical measures home with them to complete at their convenience. 

7.        CONCLUSIONS 

In this study we examined the relations between patients' levels of emotional distress, 
assessed as the total mood disturbance score (POMS), on the day of their first 
infusion of chemotherapy and their subsequent experience of infectious diseases 
during the first three cycles of chemotherapy. To our knowledge, the present study 
is the first to report that patients' levels of emotional distress prior to chemotherapy 
are related to their subsequent development of infectious diseases during 
chemotherapy. 

These results should be interpreted with caution. Although consistent with a causal 
relation between distress and the subsequent experience of infectious disease, other 
explanations are also possible. As with all correlational studies, one must examine 
possible uncontrolled confounding variables that may account for the relations; in this 
case, the significant relation between emotional distress and infectious disease. It 
should be noted, however, that we found no support for alternative causal pathways, 
including the possibility of demographic or medical predictors of infection. 

Given the self-report nature of the data collected in the present study, one must also 
be concerned that there could have been a possible reporting bias among the patients 
such that individuals who reported more distress also tended to report more 
infections. Two lines of evidence suggest that this explanation of the results is 
unlikely. First, if a reporting bias existed, one would expect that it would have been 
evident across all the psychological assessment instruments. However, only the 
POMS scores (distress on the day of infusion one) were significantly related to 
subsequent infection; patients' self reports of intrusive thoughts (IES) over the 
previous week and their acute levels of emotional distress (VAS) were not found to 
be related to infectious disease. Second, if reporting bias had a major impact on 

13 
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patients' reports of infection, how can one account for the significant relation 
between that data and the absolute neutrophil counts, assessed on the day of the 
first infusion? 

The results of the present study, although preliminary, suggest the importance of 
continued research to examine the impact of psychological factors on infectious 
disease in patients receiving chemotherapy for breast cancer. It will be important to 
explore the impact of psychological variables on infection during the later phases of 
treatment and to examine possible biological mechanisms underlying the effects. The 
results to date also suggest the possible clinical benefit of psychosocial intervention 
to reduce emotional distress in patients on the day of their first chemotherapy 
infusion. 

14 



Bovbjerg, D. 

10.      REFERENCES 

1. Cohen S, Williamson GM. Stress and infectious disease in humans. Psyrhnl 
Bull 1991; 109:5-24. 

2. Peterson PK, Chao CC, Molitor T, Murtaugh M, Strgar F, Sharp BM. Stress and 
pathogenesis of infectious disease.   Rev infections Pis 1991; 13:710-20. 

3. Jacobsen PB, Holland JC. The stress of cancer: Psychological response to 
diagnosis and treatment. In, Cooper CL, Watson M (eds) Canrer and stress- 
Psychological, Biological, and Coping Studies Chicester, U.K.: Wiley, 1991, pp 
147-169. 

4. White MH. Prevention of infection in patients with neoplastic disease: use of 
a historical model for developmental strategies. Clin Intentions nis 1993; 
17(S2):S355-58. 

5. Lyman GH, Lyman CG, Sanderson RA, Balducci L. Decision analysis of 
hematopoetic growth factor use in patients receiving cancer chemotherapy. 
■ Innrn Nat Ha Inst 1993; 85:488-493. 

6. Cohen S, Tyrrell DAJ, Smith AP. Psychological stress and susceptibility to the 
common cold.  LLEngLvLMad 1991; 325:606-12. 

7. Stone AA, Bovbjerg DH, Neale JM, Napoli A, Valdimarsdottir H, Cox D, Hayden 
FG, Gwaltney JM. Development of common cold symptoms following 
experimental rhinovirus infection is related to prior stressful life events. Behav 
Mejd 1992; 18:115-20. 

8. Cohen S, Tyrrell DAJ, Smith AP. Negative life events, perceived stress, 
negative affect, and susceptibility to the common cold. .1 Personality Son 
P.sychnl 1993; 64:131-40. 

9. Holmes T. & Rahe R. The social readjustment scale. J. nf Psyrhnsom Res n, 
213-218 

10. Stone AA, Reed BR, Neale JM. Changes in daily event frequency precede 
episodes of physical symptoms.   .1 Human Stress 1987; 13:70-4. 

11. Evans P, Pitts MKP, Smith. Minor infections, minor life events, and the four day 
desirability dip.    J. nf Psynhnsnm Res   1988;32:533-539 

12. Evans PD, Edgerton N. Life-events and mood as predictors of the common 
cold.   Br .J Med Psychology 1990; 63:35-44 

13. Stone AA, Porter L. Neale J. Daily events and mood prior to the onset of 
respiratory illness episodes: A nonreplication of the 3-5 day 'desirability dip'. 
British Journal nf Psychology^ 1993:??? 

14. Gwaltney JM. Rhinoviruses. In Viral Infections of Humans- Fpirieminlogy and 
Control. (Evans AS, ed). Plenum Medical Book Co., New York, 1989. Pp. 
593-615. 

15. Khansari DN, Murgo AJ, Faith RE. Effects of stress on the immune system. 
Immunol Tnday 1990; 11:170-5. 

15 



Bovbjerg, D. 

16. Herbert TB, Cohen S. Stress and immunity in humans: a meta-analytic review. 
Pgyrhnsnm Merl 1993; 55:364-79. 

17. Van Rood VR, Bogaards M, Goulmy E, van Houwelingen HC. The effects of 
stress and relaxation on the in vitro immune response in man: a meta-analytic 
study.  .) Behav Meri 1993; 16:163-81. 

18. Olafsdottir M, Sjöden P-0, Westling B. Prevalence and prediction of 
chemotherapy-related anxiety, nausea and vomiting in cancer patients. Behav 
Res Ther 1986; 24:59-66. 

19. Love RR, Leventhal H, Easterling DV, Nerenz DR. Side effects and emotional 
distress during cancer chemotherapy.   Cancer 1989; 63:604-12. 

20. Sabbioni MEE, Bovbjerg DH, Jacobsen PB, Manne SL, Redd WH. Treatment 
related psychological distress during adjuvant chemotherapy as a conditioned 
response.   Annals nnrnl 1992; 3:393-8. 

21. Jacobsen PB, Bovbjerg DH, Redd WH. Anticipatory anxiety in patients 
receiving cancer chemotherapy. Health Psyrh 1993; 12:469-476 

22. Koll BS, Brown AE. The changing epidemiology of infections at cancer 
hospitals.   Clin Infections Pis 1993; 17(S2):S322-28. 

23. Bodey GP, Buckley M, Sathe YS, Freireich EJ. Quantitative relationships 
between circulationg leukoyctes and infection in patients with acute leukemia. 
1966.   Ann Intern Men1 fi4-39R-4n 

24. Chanock S. Evolving risk factors for infectious complications of cancer 
therapy.   Hemat Onnnl Hlin N Amer 1993; 7:771-93. 

25. Lieschke GJ, Burgess AW. Granulocyte colony-stimulating factors and 
granulocyte-macrophage colony-stimulating factor. N Fngl .l Med 1992; 
327:28-35,99-106. 

26. Horowitz, M., Wilner, N., & Alvarez, W. (1979). Impact of event scale: A 
measure of subjective stress. Psynhnsnmatir: Medicine, 41, 209-218. 

27. Shacham N. (1983). A shortened version of the profile of mood states. J. 
Personal. Assess. 47:305-306. 

16 


