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= Abstract =

Purpose : Radiation-induced alteration in the immune function is well known
phenomenon in cancer patients. Our purpose is to evaluate the extent of
immune suppression immediately after mediastinal or pelvic irradiation,
which include significant volume of active bone marrow in adults.

Materials and Methods : 48 cancer patients with mediastinal(N=29) and
pelvic irradiation(N=19) were the basis of this analysis. Age ranged from
36 to 76 and mean and median value was 57 years, respectively. Sex ratio
was 1.3(M:F=27/21).

The immunological parameters were the complete blood cell(CBC) with
differential cell(D/C) count, T cell subset(CD3, CD4, CD8, CD19), NK cell
test(CD16. CD56), and serum immunoglobulin(lgG, lgA. IgM) level.
Besults : The mean value of white blood cell(WBC) was reduced from 7017
to 4470 after irradiation(p= 0.0000). In the differential count, the number
of lymphocyte, neutrophil, and basophil was markedly reduced with statistical
significance(p{0.01) and the number of monocyte was not changed and, on
the contrary, that of eosinophil was increased by irradiation.

In the lymphocyte subpopulation analysis, the number of all subpopulations,
CD3(T cell), CD4(helper T cell), CD8(suppressor T cell), CD16(NK cell),
CD19(B cell) was reduced with statistical significance. The mean ratio of
CD4 to CD8 in all patients was 1.09 initially and reduced to 0.99 after
radiotherapy(p=0.34), but the proportional percentage of all subpopulations
was not changed except CD19(B cell) after irradiation.

In the immunoglobulin study, initial values of ig G, ig A, and Ig M were
relatively above the normal range and the only lg M was statistically
significantly reduced after radiotherapy(p=0.02).

Conclusion : Mediastinal and pelvic irradiation resulted in remarkable
suppression of lymphocyte count in contrast to the relatively good pre-
servation of other components of white blood cells. But the further study on
the functional changes of lymphocyte after radiotherapy may be necessary to
conclude the effects of the radiation on the immunity of the cancer patients.
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INTRODUCTION

After Roentgen discovered the x-ray in 1895,
radiation therapy was introduced and has been
used as one of the important treatment modality
of cancer until now. The lethal effect of irradiation
is not selective. to the tumor cell only, but pro-
duces normal tissue damage. Especially radiation—
induced lymphocyte-immune deficiency was known
in many reports'™® and clinical result secondary to
immune deficiency was investigated™ because
immune system has been known to play a
important role as cancer surveillance and cancer
prevention'®. Although the immune mechanism is
inadequate to eradicate an established tumor, it is
possible that the degree of competence of a
patient's immune system may be an important
factor in the clinical course of the disease. For
this reason, it is meaningful to reveal the immuno-
suppressive effects of cancer therapy and the
correlation, if any, of such immunosuppression
with prognosis. But it is not yet clear whether the
lymphocytopenic effect of radiotherapy influences
adversely the prognosis of irradiated patients.

Human immune system has been known to
have direct or indirect cancer cell killing effect. In
recent studies, it is also known that the celi
mediated immunity, which is usually mediated by T
lymphocyte, has the central role in tumor immuno-
logy'"’. The immunologic status of a patient may
be easily assessed by the analysis of peripheral
blood lymphocytes T subsets'” and this technique
becomes very fine and very reliable in quantity as
well as in quality now.

The aim of this study was to evaluate the
radiation-induced changes of immunological func-
tion of cancer patients who were in the state of
good general condition and were not treated by
chemotherapy.

MATERIALS AND METHODS

From January 1995 to Aprii 1995 48 patients
were registered in this study. We selected the

patients completely treated to mediastinal or pelvic
field and limited the registeration to the patients
with good general condition(ECOG, 0 or 1) and
without previous chemotherapy. Table 1 shows the
patients’ characteristics. Age ranged from 36 to 73
and mean and median age was 57 years,
respectively. Sex ratio was 1.3(M:F=27/21).

The immunological status was checked using
the test of complete blood celi(CBC) with differ-
ential cel(D/C) count, T cell subsets(CD3, CD4,
CD8, CD19), NK cell test(CD16, CD58), and serum
immunoglobulin(igG, IgA, IgM). 2 '

Lymphocyte subset analysis was performed
using two-color direct immunofluorescence flow
cytometric analysis and  Simultest™  kit. The
heparinized venous blood 100 gL was mixed with
the specific subtype monocional antibody kit 20 uL
for about 3 seconds and stained at a room
temperature for 30 minutes and the red blood
cells were lysed with FACSPLysing solution 2 mL
and then centrifuged at 300 X g for 5 minutes.
The harvested cells were mixed with buffered
saline 2 mL for 3 seconds and centrifuged 200 x
g for 5 minutes. The harvested cells were mixed

Table 1. Patients Characteristics(N=48)

Characteristics No. of Pts(%)
Agelyrs)
range 36 - 73
mean 57
median 57
Sex
Male 27 (56%)
Female 21 (44%)
Operation
Yes 19 (40%)
No 29 (60"/0)
Radiation Port
Mediastinal Field 29 (60%)
Lung ca. 15
Breast ca. 3
Esophageal ca. 11
Pelvic Field 19 (40%)
Cervix 13
Rectal 6

= Simultest T and B cell test, Simultest T helper/ suppre-
ssor cell test, Simultest CDs, Simultest CDisss, Simuitest

control
~ Becton-Dickinson Co.(USA)
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with 1% paraformaldehyde 0.5 mL and analyzed
using flow cytometry™.

The venous blood was sampled for the tests
within 1 week before radiotherapy and immediately
after 4500-5000cGy of irradiation.

Radiotherapy was done with 6 or 10MV linear
accelerator. The treatment port was individually
designed conventional field using now generally for
each disease. The effective fields was larger than
150cm?. Al patients were treated on the schedule
of daily 180 cGy with five fractions per week.

For statistical analysis, BMDP 3D(t-test) pro-
gram - was used to compare the mean values of
each parameters between two groups'?.

RESULTS

Table 2 shows the arithmetric mean values of
white blood cellWBC) and differential cel(D/C)
count. The mean value of WBC was reduced from
7017 to 4470 after irradiation(p=0.0000). In the
differential count, the numbers of lymphocyte,
neutrophil, and basophil were markedly reduced
from 2046, 3922, 137 to 537, 3054, 27 with
statistical  significance(p<0.01), respectively. The
number of monocyte was not changed relatively

Table 2. Comparison of Results(mean+S.E.M.
values) : White Blood Cell and Differ-
ential Counts(No)

Parameters  Pre-RT  Post-RT Difference P value

WBC 7017372 4470+244 2546+319 0.0000
Lymphocyte 2046+ 91 537+ 35 1509+ 96 (.0000

Neutrophill 3922324 3054200 868%=319 0.0096
Monocyte 585+ 37 536+t 39 49+ 40 023

Eosinophil 276% 42 320% 47 -44% 57 04420
Basophil 137+ 35 27 9 110+ 37 0.0046

Table 3. Comparison of Results(mean+S.E.M.
values) : Cell Number of Lymphocyte
Subpopulation(per mt)

Parameters  Pre-RT  Post-RT Difference P value
cDb3 122569 32730 898%70 0.0000
CcDh4 413%33 98*x 8 314%=31 0.0000
CcD8 408+28 133x23 275%31 0.0000
CcD19 241£26 25+ 3 216%£26 0.0000
CD16 451%47 12317 328+45 0.0000

and, on the contrary, that of eosinophil was
increased from 276 to 320 after irradiation
although there was no statistical significance.

Table 3 shows the cell number of lymphocyte
subpopulations from the peripheral blood of
patients before and immediately after radiotherapy.
The number of all subpopulations, CD3, CD4,
CD8, CDi16, CD19 was reduced with statistical
significance. The mean ratio of CD4 to CD8 in all
patients was 1.09 initially and reduced to 0.99 after
radiotherapy(p=0.34), but the proportional percen-
tage of all subpopulations was not changed
except CD19(B cell) after irradiation(Table 4).

We analyzed lymphocyte subset study according
to the treatment field between mediastinal and
pelvic irradiation. Mediastinal irradiation decreased
the WBC and lymphocyte more remarkably than
pelvic one and there was reverse finding in the
eosinophil change(Fig. 1-3). The postirradiation
change of lymphocyte subpopulation was not
different between two areas(Table 5).

In the immunoglobulin study, initial values of Ig

Table 4. Comparison of Results(mean*S.E.M.
values) : Percentage of Lymphocyte
Subpopulations

Parameters Pre-RT Post-RT  Difference P value
CD3 62+2 6312 -029£2 0.86
CD4 33*1 32+2 1£2 0.50
CD8 331 36+2 -4+2 0.07
CD4/CD8 1.09+0.08 0.99+099 0.10%0.10 034
cD19 5%1 541 7x1 0.0000
CD16 24+2 24+2 -2+2 0.37

No. of WBC
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Fig. 1. Comparison of postirradiation change of White
Blood Cell counts between mdiastinal and
pelvic field.
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Fig. 2. Comparison of postirradiation change of Lym-
phocyte counts between mediastinal and pelvic
field.
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Fig. 3. Comparison of postirradiation change of Eo-
sinophil counts between mediastinal and pelvic
field.

Table 5. Comparison of Postirradiation Changes
(mean+S.E.M. 'values) according to
the Radiation Fields : Cell Number of
Lymphocyte Subpopulations(per mi)

Parameters  Mediastinum Pelvis P value
CD3 959110 875182 N.S.
CD4 337x 48 31237 N.S.
CD8 278+ 48 284138 N.S.
CD19 249+ 42 184+19 N.S.
CD16 371t 62 240+55 N.S.

Table 6. Comparison of Results(mean+S.E.M.
values) : Serum Tmmunoglobulin(ng/ml)

Parameters  Pre-RT Post-RT Difference P value
Ig G 20741105 1986+103 88105 0.36
g A 341t 25 309x 25 3218 0.08
ig M 228+ 18 200t 15 29+%12 0.02

G, lg A and lg M were relatively above the
normal range and the only lg M was statistically
significantly reduced(Table 6).

DISCUSSION

The radiation induced immune suppression is
well-known phenomenon. The suppressive effect
was reported to be dependent on the volume and
therapeutic dose to active bone marrow, the
number of lymph nodes in the radiation field, the
volume of blood irradiated, and the irradiation of
the thymic area®* ™.

The cells involved in immune defense are
lymphocytes, plasma cells and macrophages and
the most important cell- is the lymphocyte'”.
Normally the lymphocytes comprise 20% of the
blood leukocytes'". In this study, the proportion
was ranged from 11.1% to 54.6% and the median
value was 30.7%.

A survey of the present knowledge of bone
marrow distribution was undertaken by Atkinson'.
Using this data, we can estimate that the
percentage of irradiated marrow to the total active
marrow in the bones of adults aged above 40 is
about 10% in head and neck, 20-25% in chest,
and 30-35% ‘in pelvic field, respectively. Compar-
ing mediastinal irradiation with pelvic one, which
is the object of this analysis, we consider that
there is no significant difference in involved active
bone marrow volume. But in the mediastinal field,
the great vessels such as the aorta and the
thymus were included. We think that this point is
the only difference between two groups.

Localized large volume irradiation such as me-
diastinal and pelvic irradiation produced neutro-
penia, lymphopenia and eosinophilia and a marked
consistent monocytosis and showed the pattern of
remarkable suppression of lymphocyte in contrast
to the relatively good preservation of other
components of white bicod cells'™®. In our study,
we observed similar change that lymphocyte count
was diminished to about 25% of the initial number,
and monocyte count was not changed, and the
eosinophil count was increased conversely. But
because we did not perform the functional assay
of the lymphocyte such as the proliferative res-
ponses to phytohemagglutinin or the allogenic
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mixed lymphocyte responses, it is hard to say the
conclusion that the mediastinal and pelvic
irradiation impairs the immunity of the patients.

The immunological status of a patient may
easily be assessed by studying the results of the
analyses of peripheral blood Ilymphocytes T
subsets'”. T cells have been physiologically
characterized as "killer cells” when involved in cell
mediated immunity, "helper cells” when involved in
B cell instruction for the production of antibody,
and “"suppressor cells” when restraining reaction to
a brevious specific immunologic events. Previous
studies have suggested that peripheral human T
cells can be divided into two mutually exclusive
functional subsets with the availability of specific
monoclonal antibodies that define the inducer/
helper(CD4) and cytotoxic/suppressor cell(CD8) in
the peripheral blood of patients'.

Irradiation of cancer patients has been shown
to affect the proportion of lymphocyte subpo-
pulations, and their in vitro reactivity"m. Now it
seems that the decrease of the helper/suppressor
ratio is a general effect of radiation therapy and
can be observed also under local radiotherapy‘”. In
this analysis, all components of lymphocyte sub-
sets were decreased significantly after irradiation,
but the proportional percentage were not changed
significantly except CD19(B cells). The CD4/CD8
ratio was decreased from 1.09 to 0.99(p=0.34).

If the influence of a particular treatment regimen
on NK activity is to be studied, it is important to
test age-matched, well-defined and otherwise
healthy patient groups because variations in NK
activity as a result of different factors such as
age, pregnancy, viral and bacterial infections and
day-to day variations in the test system have
been shown'®. The bias due to this restricted
reproducibility of the test can be partly overcome
by assaying the control and the experimental
sample system simultaneously under the same
conditions'®. In the present study, these pre-
cautions are not taken, so we can not say that
the postirradiation decrease of the CD16 celi
number means the decreased activity of NK cell,

The reported result of the relative radiosensitivity

of B cell and T cell is controversial. Some®'”

reported that B cell is more radiosensitive than T
cell and some” reported the opposite result. The
B lymphocyte(CD19) was diminished to a greater
extent than the T lymphocyte(CD3) in this analysis.
Since lymphopenia following radiation therapy is
believed to result from a direct radiation induced
killing of lymphocytes our results suggest that B
lymphocytes are more radiosensitive than T cells.

We analyzed whether there was any difference
in the pattern of hematologic changes, when
compared mediastinal and pelvic irradiation. White
blood cell and lymphocyte was more decreased in
the group of mediastinal field than pelvic one, but
the eosinophil was increased after pelvic irradiation
and decreased after mediastinal irradiation. There
was no statistically significant difference between
two group in the lymphocyte subpopulation chan-
ges. Through this results, we can assume that
mediastinal irradiation more impairs the cell-
mediated immunity than the pelvic field.

Stiernsward, reviewing the results of different
clinical trials on breast cancer patients, found an
increased incidence of distant metastasis and a
higher mortality in patients treated by surgery plus
radiotherapy compared to surgery alone”. This
review has been disputed by othersg’, both on a
statistical basis and because the in vitro tests
used were found to be unreliable as indicators for
the general immunocompetence of the individuals.
Recently the combination of immunomodulating
agents with radiation therapy has been tried on
the theoretical basis of buffering action to the
radiation-induced immune deficiency‘s’.

Although the clinical significance mainly to the
tumor control or survival has been controversial
untii now, it seems optimal to combine radio-
therapy with immunotherapy concurrently to reduce
the immunological compromise induced by irradi-
ation.
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