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ABSTRACT

Background. There is evidence that depression impairs natural killer cell activity (NKA); this could
have implications for anti-tumour immunity. Our aim was to examine the role of the hypothal-
amic–pituitary–adrenal (HPA) axis in suppressing NKA in a population of patients with early
breast cancer, screened for depression. Secondary aims were to study the relationship between
psychological, endocrine and immune variables and baseline tumour characteristics.

Method. A cross-sectional population of female patients (n=55) with early breast cancer was
sampled prior to primary surgery. Structured interview and psychometric instruments measured
psychological distress. Flow cytometry was used to enumerate NK cells and lymphocytes were
cryopreserved for use in a 51Cr-release assay, to estimate NKA. Midnight and three early morning
saliva samples were collected to measure free cortisol levels. Tumour characteristics were obtained
from hospital laboratory data.

Results. A high rate of psychological morbidity (40%) was observed in the population. NKA was
reduced in those with past or current psychiatric illness compared to those without (344 v. 553 LU20

and 455 v. 569 LU20 respectively, p<0.05 for both). Cortisol was not related to psychological status
but was modestly positively correlated to NKA. A positive correlation was observed between the
Fighting Spirit subscale of the Mental Adjustment to Cancer Scale and tumour size (r=0.383,
p=0.012).

Conclusions. Our data support the evidence that psychological morbidity is associated with im-
mune dysfunction; however, the most obvious candidate mediator of this effect, the HPA axis, does
not appear responsible for this effect. Possible reasons for this are discussed.

INTRODUCTION

Rates of psychological morbidity in patients
with cancer are high, particularly in those

recently diagnosed (McDaniel et al. 1995).
There is evidence that depression may be as-
sociated with a poorer survival rate (Derogatis
et al. 1979). If so, this may be due to illness
behaviours, such as non-compliance and sub-
stance abuse, but it has also been suggested that
the biological sequelae of depression, such as
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hypothalamic–pituitary–adrenal (HPA) axis
dysregulation (Sephton et al. 2000) and impair-
ment in immune function (Brittenden et al.
1996) may directly promote tumour growth.
This intriguing and important possibility is
supported by the well-documented immuno-
suppressive effects of glucocorticoids (GCs) and
their anti-apoptotic effects on tumour cells
(Mikosz et al. 2001). Natural killer (NK) cells
are particularly susceptible to the effects of
GCs (Garland et al. 2003), and as well as having
important anti-tumour actions, are functionally
impaired in depression (Zorrilla et al. 2001).
Seminal work by Levy et al. (1985, 1987, 1990)
has demonstrated the independent association
between natural killer cell activity (NKA)
and both psychological and nodal status, at
various stages of disease progression in breast
cancer.

However, previous studies in populations
with depression have generally failed to show a
relationship between in vivo cortisol measures
and reported decreases in either circulating NK
cell numbers or NKA (Miller et al. 1991; Maes
et al. 1992; Irwin et al. 1997), with only one
study demonstrating a robust inverse NKA–
cortisol relationship (Irwin et al. 1988). Similar
studies carried out in cancer populations have
also been inconclusive. Lechin et al. (1990)
found no NKA–plasma cortisol relationship in
50 advanced cancer patients and, more recently,
neither did Sephton et al. (2000), publishing
data examining the cortisol–NK cell relation-
ship in an prospective population (n=104) of
metastatic breast cancer patients.

The above studies could be criticized on a
number of methodological issues. Advanced
cancer is not an ideal model to explore the cor-
tisol–NK cell relationship due to the multiplicity
of confounding factors associated with meta-
static disease. Measuring single cortisol levels
(all the above except Sephton et al. 2000 and
Miller et al. 1991) imparts little information
about the HPA axis. Also, the NK cell assay is
prone to considerable day-to-day variation and
efforts need to be made to control for this when
testing at different time-points (Kane et al.
1996). None of the above studies appeared to
have done this. Finally, only Miller et al. (1991)
used a structured diagnostic interview to cat-
egorize psychological disorder. This study has
addressed such issues.

The principal hypothesis was that in patients
with primary breast cancer, psychological mor-
bidity just prior to surgery was associated with
impaired NK cell numbers and/or activity and
mediating this effect was either an overactive
and/or dysregulated HPA axis. Secondary
hypotheses were that abnormal psychological/
endocrine/immune measures were associated
with a poorer predicted disease outcome (as
evidenced by tumour pathology). Several pro-
spective studies have examined psychological
distress at baseline and related it negatively to
outcome (see Spiegel, 1997 for review). Altered
cortisol rhythms have been reported in ad-
vanced cancer patients (Touitou et al. 1996) and
have been linked to poor outcome (Sephton
et al. 2000). Finally, the relatively few data on
baseline NK cell parameters and prognosis
in breast cancer (Brittenden et al. 1996) also
warranted investigation.

METHOD

Subjects

The sample population comprised of 55 women
(aged 28–74 years, mean 51.2 years) with stage
I–IIIA mammary carcinoma, admitted under
the surgical oncology team at St. Vincent’s
University Hospital, Dublin, for primary sur-
gery. Patients were approached on the day of
their admission, which was generally 24–48 h
prior to surgery and informed written consent
was obtained. The elapsed period from disclos-
ure of diagnosis to admission was from 2 to 4
weeks. Standard demographic details were re-
corded, in addition to smoking status, alcohol
consumption and menstrual/menopausal status.
The presence of any past or family history of
psychiatric or breast disorders was also noted.
The following exclusion criteria were applied:
bilateral carcinoma or carcinoma in situ ;
pre-operative chemotherapy or radiotherapy
administration, pregnancy, co-morbid illness,
acute or chronic, that could alter immune func-
tion; previous cancer or auto-immune disease;
previous (within 6 weeks) or current treatment
with sex hormones (including the oral contra-
ceptive pill or hormone replacement therapy) or
any immunologically active medication; psycho-
tropic medication (apart from low-dose benzo-
diazepines) ; history of recent alcohol abuse
(within 1 year) or psychosis.
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Oncological assessment and surgical procedure

Patients were assessed clinically and pathologi-
cally by means of standard international TNM
(Tumour, Nodes, Metastasis) classification. All
patients referred with a breast lump received
fine-needle aspiration cytology and a core bi-
opsy. Patients with positive histology were then
referred for definitive surgery. This was either
segmental (wide local excision, WLE) or modi-
fied radical mastectomy, with axillary node
clearance to level III in both cases. Approxi-
mately 25 axillary nodes would then be sent
for pathological examination. Pre-operatively,
patients underwent staging procedures. All re-
ceived a liver ultrasound, bone scan and chest
X-ray to rule out grossly evident metastatic
disease. Carcino-embryonic antigen (CEA) and
CEA 15.3 as well as oestrogen receptor status
were measured. Where indicated, menopausal
status was estimated by measuring gonado-
trophin levels. Pathological examination in
the hospital laboratory provided data on the
size (the longest plane, in cm) of the primary
tumour, and the grade – from I–III depending
on the degree of differentiation. The following
tumour data were used in analyses:

(1) size (cm);
(2) grade (I–III) ;
(3) axillary lymphnodes (numberwith tumour

tissue present) ;
(4) percentage oestrogen receptor positivity ;
(5) CEA and CEA 15.3 (IU/l).

Laboratory methods – immunology

Enumeration of NK cells

Venous blood was collected at 08:00 hours
and processed immediately. Three-colour flow
cytometric analysis, using a Becton Dickinson
(Oxford, UK) FACScan flow cytometer was
performed. Ten thousand events were acquired
in each case. The percentage of CD45+, CD3x,
CD56+ (NK) cells were expressed in absolute
numbers (103/l) by arithmetic conversion from a
simultaneously obtained automated leucocyte
count from the hospital haematology laboratory.

Measurement of NKA

Peripheral blood mononuclear cells (PBMCs)
were prepared by standard density gradient
centrifugation from 25 ml heparinized blood.
Cell pellets were frozen atx80 xC until required

for testing in a standard 4-h chromium-51 (51Cr)
release NK cytotoxic assay (as described by
Pross & Maroun, 1984). The basis of this assay
is counting of released radioactivity from target
cells (K562 erythroleukaemia cells) upon ex-
posure to lysis from NK (‘effector’) cells. Prior
to use in the assay, cells were thawed and in-
cubated overnight. Pooled PBMCs from a male
volunteer were used as standard on each assay
day, with subjects’ values adjusted for variation
in the mean of the standard, thus eliminating
laboratory variability that is caused by day-
to-day changes in target cell viability and the
decline in c-emission from 51Cr. Three effector
to target (E : T) cell ratios (in triplicate) – 100 : 1,
50 : 1 and 25 : 1 were used. The percentage of
specific radioactivity release for the three E : T
ratios was converted into lytic units (LU) set at
the 20% level (LU20) as described by Bryant
et al. (1992), where 1 LU is the number of
effector cells required to kill 20% of the targets.
This conversion into a single value eliminates
the need for repeated statistical testing.

Laboratory methods – salivary cortisol

On the day of surgery, subjects provided
one midnight and three early morning fasting
samples (the latter separated by 15-min inter-
vals) of saliva by chewing on cotton wool
pellets (Salivettes1, Starsted, Ireland). Collec-
tion of the early morning samples commenced
immediately upon awakening. Samples were re-
frigerated atx20 xC until analysed. The assay is
an adaptation of a standard radio-immunoassay
(Abbott Laboratories, Ireland). Intra- and inter-
assay variability was less than 10%. Two values
were calculated from the raw data (nmol/l) : area
under the curve (AUC) and standard deviation
(S.D.). The former reflects mean concentrations
over time and indicates the state of activation of
the HPA axis, while the latter reflects variability,
with low values indicating lack of diurnality and
thus is a measure of dysregulation of the axis.
Chronic stress/depression is associated with
both increased basal activity and dysregulation
of the HPA axis (Plotsky et al. 1998).

Measurement of psychological morbidity

For practical reasons psychometric testing took
place between 5 and 7 days post-operatively,
shortly prior to discharge, when patients were
fully stable and mobilizing. As administered
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instruments measured either life traits or per-
vasive symptoms relating to the previous 4
weeks, it was felt there was not likely to be
significant changes in such measures, from the
immediate pre-operative period, when the bio-
logical samples were taken. The following
instruments were administered:

The Schedule for Clinical Assessment in
Neuropsychiatry (SCAN; WHO, 1998), Present
State Examination, Version 10 (PSE-10)

A diagnostic computer programme (CATEGO)
was used to process the data and scored
according to the International Classification of
Diseases (ICD)-10 (WHO, 1993) diagnostic
criteria.

The Montgomery–Asberg Depression Rating
Scale (MADRS; Montgomery & Asberg, 1979)

The MADRS has been validated in the cancer
population (Valente & Saunders, 1997).

The Medical Outcomes Social Support Survey
(SSS; Sherbourne & Stewart, 1991)

This is a 20-item self-administered instrument
and uses five-point answer scales. Four sub-
scales exist :

(1) Positive social interaction;
(2) Emotional support ;
(3) Affection;
(4) Tangible (i.e. practical) support.

Subscale scores are re-coded from one (worst) to
100 (best) ; a total score is calculated from the
mean of the subscale scores. Only this latter
score was used in statistical analysis.

The Mental Adjustment to Cancer Scale
(MAC; Watson et al. 1988)

The MAC scale is a 40-item scale, which has
been developed to assess adjustments or re-
sponses to the diagnosis of cancer and is widely
used as a measure of the coping styles employed
by people with cancer. It incorporates the fol-
lowing five subscales :

(1) Fighting Spirit (16 items);
(2) Helplessness/Hopelessness (six items) ;
(3) Anxious Preoccupation (nine items) ;
(4) Fatalism (eight items) ;
(5) Avoidance (one item).

The scores fromFightingSpirit andHelplessness/
Hopelessness are amalgamated by subtracting

the latter from the former as they have been
found to be psychometrically bipolar. As
Avoidance is only one term, it does not consti-
tute a subscale for scoring. High correlations
are found between the Anxious Preoccupation
subscale and the anxiety subscale of the Hospi-
tal Anxiety and Depression Scale (HADS;
Zigmound & Snaith, 1983) and also between
the depression subscale of the latter and the
Helplessness/Hopelessness subscale of the MAC
(Watson et al. 1988). Of the three subscales
used, Fighting Spirit is regarded as a ‘positive’
coping mechanism, the other two as ‘negative ’.

The SF-36 Version II (Jenkinson et al. 1999)

The SF-36 is a generic measure of health status,
providing scores in eight areas of functioning

Table 1. Descriptive demographic data for the
total population (n=55)

Frequency Percentage

Marital status
Single 6 10.9
Married 44 80.0
Separated 4 7.3
Widowed 1 1.8

Employment (incl. spouse)
Yes 48 87.3
No 7 12.7

Social class
I 1 1.8
II 9 16.4
III 19 34.5
IV 18 32.7
V 8 14.5

Previous psychiatric history
Yes 6 10.9
No 49 89.1

Family psychiatric history
Yes 13 26.3
No 42 76.4

Family history of breast cancer
Yes 22 40.0
No 33 60.0

Previous benign breast disease
Yes 13 23.6
No 42 76.4

Smoking status
Smoker 13 23.6
Non-smoker 55 76.4

Alcohol intake
>14 IU/week 6 10.9
<14 IU/week 49 89.1

Exercise (o3 sessions/week)
Yes 32 58.2
No 23 41.8
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and well-being; only the following three sub-
scales were selected for statistical analysis.

(1) Role limitations due to emotional prob-
lems (three items);

(2) Mental health (five items) ;
(3) Energy/Vitality (four items).

The SF-36 has been used satisfactorily in cancer
patient populations (Anderson et al. 1996). The
higher the scores on each subscale, the higher
the positive health feelings.

Statistical methods

Data were analysed using SPSS for Windows,
version 10.0 (SPSS Inc., 1999). Much of the
laboratory data required transformation (either
log10 or square root depending on the direction
of skewness) to normalize distribution, due
to the presence of a small number of outliers
for most variables. The text in the Results
section indicates if and how a variable was
transformed. The associations between continu-
ous variables were examined using two-tailed
Pearson correlation co-efficients (r). Comparison

of means in two independent groups was per-
formed using two-tailed independent t tests,
with multiple regression analysis. Where there
were more than two categorical values for a
variable (e.g. tumour grade), one-way analysis of
variance (ANOVA), with post-hoc Bonferroni
testing, was applied. Where two categorical
measures were being compared, x2 tests were
used. Significance is indicated by a p value of less
than 0.05.

RESULTS

Descriptive data

Summary categorical statistics for the patient
population demographic data are presented in
Table 1. Psychiatric, oncological, and meno-
pausal data are detailed in Table 2. Those
patients who were not menopausal were evenly
divided with regard to phase of menstrual cycle
(data not shown). Almost 60% were axillary
node negative.

Differences between SCAN cases and non-cases

There were no significant differences in demo-
graphic (including smoking status) or tumour-
data variables between SCAN cases and non-
cases. Lower NKA (but not NK cell numbers)

Table 2. Clinical data (n=55). Numbers in
parentheses refer to percentage of patients in each
category for categorical data and standard devi-
ation from the mean for continuous data

ICD-10 diagnosis
Yes 22 (40)
No 33 (60)

Adjustment disorder (F43.2) 12 (21.8)
Depression – mild (F32.0) 5 (9.1)
Depression – moderate (F32.1) 5 (9.1)

Tumour size (cm) 2.35 (1.48)
Tumour grade
I 13 (25.5)
II 21 (41.2)
III 17 (33.3)
Undetermined 4 (7.3)

No. axillary nodes
Mean 2.51 (6.49)
No. positive 24 (43.6)
No. negative 31 (56.4)

ER positive staining
No. positive 42 (76.4)
No. negative 5 (9.1)
Undetermined 8 (14.5)

CEA (IU/l) 6.58 (29.4)
CEA 15.3 (IU/l) 21.35 (15.2)

Menopausal
Yes 34 (61.8)
No 19 (34.5)
Undetermined 2 (3.6)
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FIG. 1. Bar chart comparing the mean (+S.E.) of NKA in SCAN
cases (n=22) v. non-cases (n=33) and patients with no previous
psychiatric history (No Hx.) v. those with (Pos. Hx.). NKA is ex-
pressed as LU20 (455.3 v. 569.5, Case v. Non-case and 553.2 v. 344,
No Hx. v. Pos. Hx.). * For log-transformed values of NKA p<0.05
for both comparisons (two-tailed independent samples t test).
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was observed in both Axis I-positive cases and
in those with a previous psychiatric history
(Fig. 1), with no change in the significance after
controlling for demographics, including smok-
ing status. Non-smokers had significantly higher
NKA (but not NK numbers) than smokers
(465.3 v. 329.1 LU20, p<0.05). While meno-
pausal patients had equivalent NKA they
had higher NK cell numbers (195.1 v. 155.6,
p<0.05). Data were too few to examine the
effects of the menstrual cycle on immune par-
ameters. No associations were found between
immune data and other demographic variables,
including age.

Cortisol and NK cell parameters

There was a robust increase from midnight to
early morning cortisol levels (Fig. 2) indicating
that subjects’ diurnal rhythms, were grossly
intact. There was no difference in mean levels
between cases and non-cases at any of the four
measuring points. This was also the case after
log transformation and comparison of AUC
and S.D. values, indicating a lack of relationship
between neither magnitude nor variability
measures of the HPA axis and caseness. While
there was no correlation between cortisol
and enumerative NK data, AUC cortisol was
(unexpectedly) positively related to NKA
(r=0.303, p<0.05).

Psychometric data: relationship to biological
measures

All continuous psychometric data was normally
distributed and did not require transformation.
There were numerous strong intra- and inter-
parameter correlates (Table 3), particularly
between the MADRS and the SF-36 Quality
of Life measure. Of note however, is the associ-
ation of increasing Fighting Spirit (MAC)
with depression scores. Also, there was no
association between social support (SSS) and
depression score.

As to the immune and tumour data, the only
trend of interest was greater NKA in those with
positive axillary nodes [657.8 (¡61.0 S.E.M.) in
those with, v. 438.8 (¡119.0 S.E.M.) in those
without] ; however statistical significance was
not reached (p=0.087). Finally, and of lesser
importance to the central hypothesis, the re-
lationship between the continuous psychometric
data and the biological data was examined.
There was no relationship between the former,
including depression scores, and the endocrine
data (data not shown). As regards the psycho-
metric and tumour data, there was a positive
relationship between tumour size and the
Fighting Spirit subscale of the MAC Scale
(Fig. 3), but no other significant inter-parameter
relationship. Finally, for the immune data,
total social support (SSS) and Energy/Vitality
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FIG. 2. Lineplot of mean salivary cortisol levels (¡S.E.M.) in SCAN non-cases (X) and cases (m), for midnight and three early
morning samples. The mean increase from midnight to early morning levels for the whole population was from 6.1 (0.45 S.E.M.) to
21.0 (1.2 S.E.M.) nmol/l (p=0.012).

486 M. R. Garland et al.



(SF-36) were positively correlated with NK cell
numbers (r=0.301, p=0.014, and r=0.242,
p=0.048 respectively) but not with NKA (data
not shown).

DISCUSSION

In this cross-sectional study of 55 women with
early breast cancer, rates of psychological mor-
bidity comparable to the international literature
were found. It is the largest such study to use a
structured interview such as the SCAN. The

central finding of this study was that while NK
cell parameters were significantly lower in cases,
this relationship was clearly not mediated by the
HPA axis. In the complex jigsaw of Psycho-
neuro-immunology (PNI), pieces that fit at
bench level (in this case, the well-documented
in vitro suppression of NK cells by GCs) often
do not fit at the bedside.

Rates of psychological morbidity in early
breast cancer

We report the rate of psychological morbidity
(ICD-10) as 40%, the majority being adjustment

Table 3. Correlational data for continuous psychometric measures for the total population (n=55).
Pearson’s r, with two-tailed significance ( p) beneath are displayed. Significant correlations are shown
in bold

Social
support

Fighting
Spirit

Anxious
Preocc. Fatalistic

Role
limitation

Mental
health

Energy/
Vitality

Depressiona r x0.023 0.445 0.326 0.236 x0.288 x0.629 x0.439

p 0.866 0.001 0.013 0.078 0.030 0.000 0.001
Social supportb r x0.267 x0.076 x0.096 0.242 0.171 0.269

p 0.034 0.556 0.453 0.056 0.173 0.031
Fighting Spiritc r 0.139 x0.113 x0.286 x0.397 x0.268

p 0.269 0.370 0.026 0.001 0.032
Anxious Preocc.c r 0.253 x0.322 x0.409 x0.164

p 0.042 0.012 0.001 0.197
Fatalisticc r x0.084 x0.218 x0.072

p 0.520 0.083 0.574
Role limitationd r 0.470 0.528

p 0.000 0.000
Mental healthd r 0.567

p 0.000

a MADRS; b SSS; c MAC; d SF-36.
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FIG. 3. Scatterplot (with linear regression line) of Fighting Spirit and tumour size. Pearson’s r=0.383, p=0.012.
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disorders. A previous study by Hall et al. (1999),
used a shortened version of the PSE, which, in a
population of 266 women with early breast can-
cer, identified 37.2% as being depressed, con-
siderably higher than our own prevalence rates
of 21.8%. They also identified 49.6% of women
as suffering from anxiety disorder (ICD-10,
category F41), whereas we recognized none: all
of the anxiety symptoms were sub-syndromal to
F41, with many of these coded as adjustment
disorder (F43.2). However the ‘shortened’
version of the PSE does not include the category
of F43 (adjustment disorder) and this could have
allowed for the over-diagnosis of depression and
anxiety. Two other recent studies examine mor-
bidity in early breast cancer (Ford et al. 1995;
Aragona et al. 1997). Neither used a structured
diagnostic interview. Aragona et al. (1997)
found 55% of the cohort (n=108) to be de-
pressed. Ford et al. (1995) only found 7%
(n=117) fulfilled HADS depression criteria.

Also of note are the high rates of previous
history of psychiatric disorder (10.9% v. 6.6%
in a study by Morasso et al. 2001).

HPA axis assessment: salivary cortisol

As well as being non-invasive, the saliva method
has the advantage of measuring not total, but
free cortisol, as bound cortisol cannot enter
saliva. Following the lead of established meth-
odologies, the timing of the samples reflected
both the awakening cortisol response and the
diurnal pattern. The data was manipulated to
best reflect either acute stress (corresponding to
HPA activation), where mean, or AUC levels
were used; or chronic stress (corresponding to
HPA dysregulation), where one would examine
for lack of variability/diurnality. We used
standard deviation as a measure of variability.
(For a review of salivary cortisol in psychiatric
research see Kirschbaum & Hellhammer, 1994.)

Without a control group, interpretation of our
cortisol levels relative to normal populations
must be cautious. However, using a similar
laboratory methodology, Kirschbaum & Hell-
hammer (1989) in a population of 662 healthy
adults, found mean early morning cortisol to be
14.32 (¡9.1 S.D.) and a study by Edwards et al.
(2001) reported a mean level of 10.53 (¡3.0 S.D.)
in a normal population of 40. This is lower
than our morning cortisol data, the mean of
which was 20.97 (¡11.7 S.D.), indicating our

population, not surprisingly, had abnormally
high levels of HPA axis activity. Nonetheless,
in this study, cortisol measures in no way dis-
tinguished a psychologically distressed popu-
lation from a non-distressed one, and this,
considering its supposed ability to at least dis-
tinguish extreme forms of distress, prompts
comment. Clearly, there were two forms of
distress in operation with these patients. There
was the ‘acute ’ distress of anticipation of a
major operation and its complications, and the
‘chronic ’ distress of cancer diagnosis disclosure
several weeks earlier. It was expected however,
that the data would distinguish between these
two forms of distress. Put simply, acutely
distressed patients would have high AUC (mag-
nitude) and chronically distressed patients
would have low S.D. (variability) values of sali-
vary cortisol. Perhaps the superimposition of an
acute anticipatory stress on a chronic one simply
created too much turbidity in the endocrine data
to warrant reliable interpretation; none of the
psychometric instruments used were designed to
measure short-term (i.e. 24–48 h) distress. If this
is a fair criticism then one must ask when is the
ideal time to sample an oncology population for
these parameters? This was of course given
consideration prior to the study, and just pre-
operatively was felt to be the optimum point.
Post-operatively, one has to deal with differing
anaesthetic, surgical and analgesic techniques
and post-operative courses, all of which would
confound the data. Any later and patients are in
the chemotherapy and/or radiotherapy phases
of treatment and the situation is similarly
adverse to unconfounded data collection.

Psycho-immune findings

Our findings of low NKA in those with de-
pression/adjustment disorder is in keeping
with the literature (Zorrilla et al. 2001), although
depression severity did not correlate with NK
parameters. The positive association of the
social support measure (in line with the findings
of Levy et al. 1985, 1987, 1990) and the Energy/
Vitality subscale of the SF-36, with NK cell
numbers is, however, evidence of an incremental
relationship between psychological and immune
factors. However the lack of association with
cytotoxicity indicates a lack of consistency in
the data.
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The stress–cortisol–NK cell relationship

The most salient laboratory finding of this study
is that the impairment of NKA in patients with
either a current or past psychiatric history is not
related to cortisol levels. In fact, in keeping with
the findings of Kronfol et al. (1997) in a normal
population, we report a small, but significant,
positive association between cortisol (AUC) and
NKA. Despite there being a large literature
demonstrating powerful NK cell inhibitory
properties of cortisol in vitro (Garland et al.
2003), human in vivo studies have been equi-
vocal (see Introduction). A human study that
does report an association is that of Staurenghi
et al. (1997), in a population of female patients
with anorexia nervosa; they report a strong in-
verse correlation between 08:00 hours plasma
cortisol levels and NKA. However, using a
human surgical-stress model (laparotomy),
Tonnesen et al. (1984) found no relationship in
baseline or surgically induced changes in NKA
and plasma cortisol. Bodner et al. (1998) found
that the administration of dexamethasone to
normal volunteers had no effect on NK cell dis-
tribution or activity. Moreover, Kronfol et al.
(1997) reported that NK cell parameters dis-
played a diurnality that closely paralleled that of
cortisol. Clearly, in vivo, there are factors such
as the sympathetic nervous system and dynamic
alterations in the GC receptor that modulate the
immune response to circulating cortisol.

Psycho-oncological findings

Depression, categorical or continuous, was not
related to tumour parameters. The most salient
finding was the positive association with Fight-
ing Spirit and tumour size. This is completely
contrary to the landmark findings of Greer et al.
(1979) who reported prolonged survival in those
breast cancer patients with high baseline Fight-
ing Spirit. However, contrary to the literature,
we found a positive relationship between de-
pression score and Fighting Spirit, indicating
this measure may be sensitive to cultural influ-
ences.

CONCLUSION

This cross-sectional study once again confirms
the high rates of psychological morbidity in
patients with early breast cancer. Drawing firm
conclusions from the neuroendocrine-immune

perspective are more difficult, underpinning the
difficulty in selecting medically ill populations
at the optimum time, for sampling sensitive
variables. Nonetheless there are sufficient posi-
tive findings to warrant follow-up of this cohort
and future data will serve as an addition to the
scant literature on the relationship of baseline
psychological status to long-term survival.
Similarly, the endocrine data of Sephton et al.
(2000) needs replication and finally, no study
has measured NK cell parameters at baseline in
breast cancer and related them to survival.
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