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Immunological state of patients with carcinoma
of the bronchus before and after radiotherapy
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ABSTRACT The immunological state of 30 patients with carcinoma of the bronchus was assessed
before and after radiotherapy by lymphocyte response to PHA and E and EAC rosette formation.
The results were compared with those from age-matched patients with benign chest disease and a

group of healthy control subjects. Differences were found between the three groups and decreased
immunological responses were found to correlate with shorter survival times for patients with
cancer of the bronchus. These differences were not associated with the extent of the disease, or with
the smoking habits of the patients. Significant differences in percentage EAC cell rosetting were

demonstrated between lymphocytes from patients with malignant disease (31-3 ± 2-0) and those for
control groups (21-5 ± 1-9 and 24-0 ± 2-2). Cancer patients and benign chest disease patients both
had significantly decreased mean E rosetting values (59-3% and 55-6%) compared with healthy
control subjects (69-7 %). The group of cancer patients with a normal percentage of T lymphocytes
and total number of lymphocytes after radiotherapy, or those with low percentage EAC cll rosettes,
had a greater than 80% survival after seven months compared with less than 50% for the rest of the
patients with carcinoma of the bronchus.

There have been many reports of a depressed
immune response in patients with malignant
disease, and also of decreased levels of immuno-
logically responsive cells.'-4 Attempts to evalu-
ate prognosis and survival have shown some
degree of correlation with depressed values for
in vitro tests, measuring numbers of immuno-
log,ically active cells and their response to
chemical or antigenic stimulus.5-7 Tests deter-
mining the immunological status of patients may
be useful in monitoring the course of disease
and the effects of treatment such as radiotherapy
or chemotherapy.8-'0 The relevance of results
obtained using only one test of immunological
competence has been questioned,"' and a more
accurate overall assessment of the patient is
obtained if results of several tests are con-
sidered.12

In an attempt to assess the value of measur-
ing immunological indices, a series of patients
undergoing treatment for carcinoma of the
bronchus was investigated to relate laboratory
results with extent of disease and prognosis, and
to determine whether treatment influences
Address for reprint requests: Dr BH Davies, Asthma Research Unit.
Sully Hospital, Sully, Penarth, South Glamorgan.

immunological response when assessed by E and
EAC rosetting and PHA blastogenesis.

Methods

Blood samples were obtained from 23 male and
seven female patients (22 smokers) with carci-
noma of the bronchus, before and after radio-
therapy. Blood was taken from 22 healthy
donors (four smokers), and a group of 24
patients (15 smokers) with benign chest diseases.
These benign conditions included chronic bron-
chitis, asthma, pulmonary fibrosis, pneumonia,
and inactive tuberculosis. None of the patients
sampled was receiving steroid therapy at the
time.
The bronchogenkc carcinoma patient group

was divided into the following histological
groups: 14 squamous cell carcinomas (three
being well differentiated), one oat cell carcinoma,
and two anaplastic carcinomas.
Two patients had unidentified malignant his-

tology and the histology of 11 of the carcinomas
was unknown, since the diagnosis was made
clinically and not confirmed histologically. It is
possible that one patient had a metastasis from
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a primary tumour of the cervix.
At the time of treatment 10 patients had

localised disease, 20 had widespread disease on

scanning, and four of these had clinical evidence
of secondary deposits.

Patients were treated by radiotherapy and
received tumour doses ranging from 2400 to
3200 rads over four weeks, depending on the
histology. Two patients were given palliative
radiotherapy for brain metastases, receiving doses
of 2000 and 2500 rads. One patient had been
given chemotherapy before radiotherapy.

LYMPHOCYTE SEPARATION

Twenty ml of peripheral blood was taken by
venepuncture and collected in lithium heparin
tubes (Labco Ltd). Five ml aliquots of whole
blood were layered onto 5 ml Ficoll/Triosil and
centrifuged at 400 g for 20 minutes.13 The white
cell band was washed twice in TC199 (Gibco-
Biocult) followed by centrifugation at 300 g for
10 minutes. Cells were finally resuspended in
TC199.

LYMPHOCYTE RESPONSE TO

PHYTOHAEMAGLUTTININ (PHA)

Lymphocytes were incubated at 37°C in TC199
buffered with 20 mM HEPES (Hopkin and
Williams Ltd) for 72 hours with and without
PHA at a concentration of 1/20 (Reagent
grade, Wellcome Ltd); 1 jiCi (3H) thymidine
(Radiochemical Centre Ltd) was added 18 hours
before harvesting.

CULTURE CONDITIONS
Medium Pooled PHA Lympho-
TCJ99 hu'nan (1/20) cytes

serum

Unstimulated 600 ul 75 ul 0 il 5 X 105
+ PHA 525 gL1 75,ul 75go1 5 X 105

Both unstimulated and PHA cultures were

divided into three equal aliquots. Cells were

cultured in triplicate in sterile polystyrene tubes
(Nunc Ltd) and Terasaki plates (Sterilin Ltd)
after the addition of 1 uCi isotope. Cells were

harvested using a Minimash cell harvester (Dyna-
tech Ltd) and the samples were counted on a

l] counter using Instagel scintillant (Packard
Instruments Ltd).

Results were expressed as distintegrations per
minute (dpm). The stimulation index, which is
the ratio of dpm in PHA cultures over dpm in
unstimulated culture, and dpm with PHA present-
control dpm were quoted.

ROSETTE FORMATION

Sheep red blood cells (SRBC) rosettes were

formed with separated lymphocytes using un-
treated SRBC in Alsever's solution (Tissue
Culture Services) for E rosette estimation and
complement-coated SRBC for EAC rosette
estimation.14 This involved incubation of lympho-
cytes and SRBC for 10 mins at 37°C in the
absence of serum. Rosettes were measured in
triplicate for each lymphocyte sample after over-
night incubation at 4°C and the mean value
calculated.

STATISTICAL ANALYSIS

Mean values were calculated for results of
immune tests for all groups and the standard
error of the mean quoted in each case. Differences
between means were tested for significance
using Student's t test and probabilities of p<0 05
are quoted. Life tables were calculated according
to the method of Peto et al'5 and differences
between these tested for significance using
Logrank test."'

Results

Mean values for immunological tests for patients
and control subjects are shown in table 1. There
are significant differences (p<0-01) in percentage

Table 1 Mean values for immunological tests for patients and control subjects

Bronchogenic carcinoma Benign chest disease Healthy donors

Lymphocytes x 10-6/ml whole blood 1-27 ± 007 1-24 0-13 1-06 ± 0-07
% E rosettes 59 3 2-0 55-6 2-4 69-7 ± 19
% EAC rosettes 31-3 2-0 24-0 2-2 21-5 ± 19
Absolute T lymphocytes/ml 7-7 ± 0-5 x 105 6-4 + 0-6 x 105 8-4 0-6 x 105
Absolute EAC cells/ml 4-1 ± 2-0 x 105 3-0 + 0 4 x 105 2-62 ± 0 35 x 105
PHA ST 36-3 ± 8-1 15-8 + 5-1 67 + 27
PHA dpm-control dpm 19818 + 5044 18184 + 1422 77344 ± 27201
% Null cells 12-6 + 2-2 20-3 3-4 10-5 2-4
% E/EAC 2-99 0-39 2-57 0-23 4-72 0-076
Mean age (yr) 62 58 32
(range) (39-73) (39-70) (18-61)

E rosettes left overnight.
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EAC cell rosetting between lymphocytes from
patients with malignant disease (31.3 ± 2 0) and
those for control groups (21-5 + 1*9 and 24.0 ± 2-2).
Cancer patients and benign chest disease patients
both had significantly decreased mean E rosetting
values (59-3% and 55-6% respectively) compared
with healthy control subjects (69-7%). However,
these differences were not obtained when absolute
numbers of T cells and EAC rosetting cells were
calculated, except for T lymphocytes derived
from chest disease patients (p<0 05). Lymphocyte
recovery from whole blood is significantly higher
for patients with malignant and benign disease
(p<0 01). The mean percentage of null (non-
rosetting) cells for each group was calculated by
subtracting the sum of the percentage E and
EAC rosetting cells from 100 (table 1). Healthy
control subjects and patients with malignant
disease had significantly lower mean values than
patients with benign chest disease (p<0-05 and
<0-01 respectively).
However, if the mean ratio obtained by dividing

percentage E rosetting cells by percentage EAC
rosetting cells is calculated (table 1) a significant
difference can be demonstrated between both
malignant and chest disease patient groups and
healthy donors (p<0 05 and p<0 01 respectively),
with the patients having a lower mean value than
the healthy group.
Lymphocyte response to PHA was significantly

depressed in chest disease patients (15-8+5-1)
compared with healthy donors (67+27), but this
could not be demonstrated for cancer patients.
Results expressed as increase in dpm gave
significant differences for both patient groups
compared with control subjects (p<0 05).
There was no significant difference in mean

E rosetting values between smokers and non-

smokers in the control groups, but lymphocyte
response to PHA was significantly increased for
smokers. A similar effect could also be demon-
strated for patients with chest disease but not
for patients with carcinoma of the bronchus
where an elevated mean value for E rosetting
celIls could be shown. However, smoking did not
affect significantly the mean E rosetting value
or response to PHA for any of the groups
studied.

Table 2 shows the mean post-radiotherapy
values when expressed as a percentage of each
patient's pre-treatment values. A decrease of
50% occurred in the total number of lympho-
cytes, accompanied by a decrease of 47.5% in
the absolute number of T cells. The number of
EAC rosetting cells decreased by 29-7%. The
mean percentage of T lymphocytes was not

affected by treatment. However, the mean per-
centage of EAC rosetting cells increasd to 132%
of the mean pre-treatment value. When the
stimulation index was calculated response to
PHA was reduced to 30% after radiotherapy,
only 9-6% was obtained if the increase in dpm
was calculated.
The E/EAC ratio did not change significantly

after radiotherapy for patients with maidgnant
disease (2-30+0-32 after treatment compared to
2-99 + 039 before treatment), and this was still
significantly different (p<0 01) from the mean
value for healthy controls (4-72 + 0 76). Cancer
patients were divided into two groups, those with
histologically identfified tumours (17), and those
with no definite histology (13). There were no
significant differences between these groups for
any of the immunological tests, either before or
after radiotherapy. Similar results were also
obtained when mean test values for cancer
patients with localised disease and those of the
rest of the group were compared. The life tables
calculated for patients with malignant disease
are shown in the figure. Patients were divided
into groups depending on whether they gave
normal to high or abnormally low values in the
immunological tests when compared with healthy
donors.
Immune measurements, which showed some

differences between groups, were then combined
to determine whether this further highlighted
differences associated with survival.
A highly significant difference (p<0'001) was

obtained between patients with low percentage
EAC rosettes and high percentage T lympho-
cytes before treatment and those with high per-
centage EAC cell rosettes or low percentage T
lymphocytes. There is also a significant difference
(p<0-01) between patients with high percentage
T lymphocytes pre-treatment and high lympho-
cyte recovery after radiotherapy and patients
who have a decrease in either of these measure-
ments. In both cases, patients with normal to
high values, when compared with control sub-
jects, had greater than 80% survival at seven

Table 2 Mean post-radiotherapy values as a
percentage of patients' pre-treatment values

Bronchogenic carcinoma

Lymphocytes/ml 50-1 ± 4-0
% T lymphocytes 97-2 ± 4 0
% EAC cell rosettes 132-2 ± 138
Absolute number T cells/ml 522 5-5
Absolute number EAC cells/ml 70 3 12*6
PHA SI 30 3 4-9
PHA dpm-control dpm 9-6 2-5
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Figure Life table for patients with bronchogenic
carcinoma having (A) low % EAC cell rosettes and
high% T lymphocytes (survival 6/6); (B) high 0O
T lymphocytes and high lymphocyte recovery post
RT (survival 10/12); (C) high % EAC cell rosettes
or low % T lymphocytes (9/24); (D) low %
T lymphocytes or low lymphocyte recovery post
RT (6/18).

months and patients with low values had less
than 50% survival for the same period. It there-
fore appears that a patient with high percentage
T lymphocytes and low percentage EAC cell
rosettes before treatment followed by high lym-
phocyte recovery after radiotherapy has the
best prognosis, with a greater than 80% chance
of survival at seven months. There was no

difference in survival between smokers and non-
smokers for patients with carcinoma of the
bronchus.

Discussion

The differences in percentage rosetting cells
between patients and control subjects reported
in this investigation have not been observed in
similar studies. However, significant changes in

absolute number of T lymphocytes but not
relative proportions were reported.7 17-19 These
differences were not obtained in this study be-
cause of a significant increase in lymphocyte
recovery for carcinoma patients compared with
healthy control subjects.

Since both malignant and benign disease
groups show similar decreases in percentage E
rosetting when compared with control subjects,
it is not possible to use this measurement as an
indication of the presence of malignant disease.
However, determination of EAC rosetting cells
is a more useful marker, since the mean value
is significantly higher for the malignant disease
group than either of the mean values for the
benign disease and control groups. Although an
increase in the proportion of EAC rosetting
cells does not always correlate with an increased
proportion of monocytes, an increase in the
proportion of B lymphocytes is probably only
partially responsible, and some monocyte con-
tamination should be expected. Examination of
mean percentage null cell values shows that
differences in percentage EAC rosetting cells
between benign chest disease patients and car-
cinoma patients may be associated with the
increase in null cells for the benign group.
The use of the E/EAC percentage rosetting

ratio demonstrates that the ratio of the different
types of lymphocyte is more relevant when
studying differences between patients and con-
trols, since the two results are combined and
not considered in irolation. The mean percent-
age EAC rosettes for chest disease patients is not
significantly different from healthy control sub-
jects. However, when the mean ratio of the
E/EAC rosetting values for each patient in this
group is compared it is significantly different
from the mean value for control subjects.

Differences in response to PHA between
patients and control subjects are more signifi-
cant for chest disease patients than for patients
with malignant disease. As such, this measure-
ment would be of little use as an index of
changes associated with malignant disease. The
large variation in response of the healthy con-
trol subjects probably explains the lack of signifi-
cance when the mean value for healthy donors
is compared with the mean value for cancer
patients.

Jerrels et al17 showed that between one-third
and one-half of lung and breast cancer patients
had decreased lympho-proliferative responses to
at least one mitogen when PHA and concana-
valin A were used. Wanebo et all8 demonstrated
a significantly increased proportion of depressed
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PHA values when lung cancer patients were
compared with healthy control subjects. A value
was considered to be depressed if it was less
than the value at the lOth percentile cut-off
point of the control group mean value. If the
cut-off point for the present investigation is
taken to be twice the standard deviation lower
than the mean control value then 21 out of 30
patients have depressed response to PHA, and
this may be a more relevant way of expressing
results.
The large decrease in cell numbers and re-

sponse to PHA as a result of radiotherapy has
ailso been obtained in other studies. After 3000
rads of mediastinal irradiation Byfield et a120
found that lymphocyte recovery was reduced to
45% of the pre-treatment value and the number
of T cells was reduced to 43%. EAC rosetting
cells were reduced to 34% and reduced response
to PHA for six patients. The reduction in num-
bers of EAC rosetting cells was much greater
than found in this present series, but otherwise
reductions are similar. Nordman and Toivanen21
showed 56% lymphocyte recovery and a PHA
response reduced to 29% after radiotherapy
accompanied by an approximately equal re-
duction in the number of T and B cells.

Results from this study have not demonstrated
any immunological differences between carci-
noma patients with differing histologies or
extent of disease either before or after treat-
ment, and this may be because of the small
numbers involved."5 The relationship between
low immunological test values and decreased
survival demonstrated in this trial has also been
observed by Wanebo and colleagues,'8 who found
significant differences between high and low
values for absolute lymphocyte counts (p<005)
and response to PHA (p<0-05) in lung cancer
patients. Another study showed a significant
correlation between response to DNCB and
survival, and this was improved by adding the
number of T lymphocytes to the DNCB score.'9
In this present study percentage T lymphocytes
and high percentage EAC cell rosettes taken in
combination seem to be useful indices for pre-
dicting prognosis. After radiotherapy absolute
lymphocyte numbers combined with pre-treatment
percentage T lymphocytes also showed differences
which were significant (p<O0OO1).
Smoking did not have a significant effect on

values obtained for any of the groups although
there were some significant differences in mean
values for certain immunological parameters
between smokers and non-smokers. In this par-
ticular study smoking had no effect on patient

survival, and it would appear that other dif-
ferences between the control and patient groups
outweigh the differences caused by smoking, and
this single factor did not affect results for the
total group significantly.

In conclusion, it can be stated that differences
exist between patients with chest disease and
healthy control subjects, but the immunological
characteristics of malignant disease cannot be
separated easily from those of benign chest
disease using generally accepted tests of im-
munological responsivness. Therefore, we suggest
that the comparison of immunological test
results for patients with carcinoma of the
bronchus with those for patients with benign
chest disease are of little value as indicators of
mallignant disease, except perhaps in the case
of EAC rosetting.
The effects of radiotherapy have been fairly

well defined by previous authors and results
presented in this paper confirm their findings,
although there is a possible difference in EAC
rosetting cell losses after treatment.
Immunological studies are more relevant

when applied to survival, since there is consider-
able correlation between immunological test
results and decreased survival for the three para-
meters studied. These changed immunological
values may be a useful indicator of those
patients who may give a more positive response
to a certain type of treatment, when combined
with other relevant clinical information. It has
also been demonstrated that some values after
radiotherapy can be correlated with survival,
which may reflect response to treatment.

We would like to thank Tenovus and South
Glamorgan Area Health Authority for financial
support.
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