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Changes of Peripheral T Lymphocyte Subsets Following
Treatment in Patients with Bronchogenic Carcinoma
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Department of Internal Medicine, College of Medicine, Chungnam National University, Daejeon, Korea

We evaluated the changes of peripheral leukocyte counts, lymphocyte counts, and percen-
tage of lymphocytes and T cell subsets (OKT4(%), OKT8(%) and OKT4/OKT8) in 49 untreated
lung cancer patients of whom 23 were followed up after therapy (8 pulmonary resection, 15
chemotherapy). Total WBC counts were significantly increased in stage | or Il compared to con-
trols and were decreased after operation.

Total counts and percentage of lymphocytes were decreased (esp. stage /Il NSCLC, SCLC
esp. ED, squamous} and were persistently decreased after treatment in nonresponders. OKT8(%)
was decreased (esp. SCLC, squamous, adenocarcinoma, all stages of NSCLC, and ED of SCLC)
and was persistently decreased in stage Il after treatment.

The OKT4/OKT8 ratio was increased (esp. adenocarcinoma and stage Il NSCLC) and returned
to the normal range after treatment.

in nonresponders, total lymphocyte counts were decreased before treatment compared to
responders and persistently decreased before and after treatment compared to controls, and
OKT8(%) was persistently decreased after treatment compared to controls.

In conclusion, immunoabnormalities in patients with lung cancer might be improved following
treatment.

Key Words: T lymphocyte subsets, OKT4, OKT8

INTRODUCTION

Patients with lung cancer often display impaired
immunity,'-*®? including low c¢ounts of T-
lymphocytes, and these impairments have been
postulated to be significant in the development and
progression of lung cancer, and the nutritional status
of patients has been contributed to immunologic
abnormalities®.

Recently, Wesselius et al.* have reported on lym-
phocyte subsets in patients with untreated lung
cancer, and we also have reported on T lymphocyte
subsets in patients with untreated lung cancer.'® But
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most studies, including our previous study'®, have
evaluated only untreated cases.

in the present study, we undertook to further
evaluate the changes of peripheral T lymphocyte
subsets in patients with lung cancer following treat-
ment (anticancer chemotherapy and pulmonary
resection).

MATERIALS AND METHODS
1. Patients

Forty-nine untreated patients (41 men and 8
women) with primary lung cancer (ages;38 to 75
years;mean, 57+10 vyears; 24 squamous, 10
adenocarcinoma, 11 smali cell, 4 undifferentiate car-
cinoma) (Table 1) and 28 normal subjects (23 men
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5 women;ages, 45 to 65 years;mean, 55+ 14 years)
were studied.

Patients with non-small cell lung cancer (NSCLC)
were 38 in number and were staged by the TNM
classification. Clinical staging indicated that 9 were
stage | or Il and 29 were stage lll. In the 11 patients
with untreated small cell lung cancer(SCL.C), 3 were
classified as having limited disease(LD) and 8 had
extensive disease(ED).

Among 49 patients with untreated lung cancer,
23 had received treatment, of whom 15 had receiv-
ed anticancer chemotherapy alone(3 SCLC, 1 stage
tor il, 11 stage Illy and 8 had received pulmonary
resection alone (stage i or ll). Patients who receiv-
ed pulmonary resection or chemotherapy had blood
samples taken 2 to 4 weeks after operation and 3
months later after chemotherapy (Cytoxan-Adria-
mycin-Etoposide or Cisplatin-Etoposide regimen
every 3 weeks), respectively.

The assessment of response to anticancer
chemotherapy was identical with that described
previously'”’ and postoperative patients were con-
sidered to be responders.

2. Evaluation of Peripheral Lymphocytes

The total WBC, lymphocyte counts and percen:
tage of lymphocytes were determined by a Coulter
Counter Model S-Plus. The monoclonal antibodies
were obtained from Ortho Pharmaceutical Corpora-
tion (Raritan, New Jersey, USA). The antibodies us-
ed in this study included antibodies OKT4
(helper/inducer) and OKT8 (suppressor/cytotoxic)
T-cells.

Peripheral blood mononuclear cells were isolated

by Ficoll-Hypaque gradient centrifugation of
heparinized blood, were incubated for 30 min. with
the monoclonal antibodies and then labelled with a
fluorescein-conjugated goat antimouse serum (GAM-
FITC, Togolab, Netherland). Fluorescein cells were
counted by means of indirect fluorescent microscope
(counted 200 cells), and were expressed as
percentage.

3. Statistical Evaluation

Student two-tailed unpaired t test was used to
compare mean values of normal controls and of pa-
tients, and paired t test was used to compare mean
values foliowing treatment (before vs. after
treatment).

All results were expressed as mean = SD.

RESULTS

1) Total WBC counts, lymphocyte counts and
percentage of lymphocytes in patients with un-
treated lung cancer (Table 2)

Total lymphocyte counts and percentage of lym-
phocytes in patients with lung cancer were decreas-
ed significantly compared to normal controls
(p<0.02).

Total WBC counts were increased in patients with
stage | or i, but total lymphocyte counts in stage |lI
and ED of SCLC, and the percentage of lymphocytes
in ED were significantly decreased (p<0.005).

Total WBC counts were increased in squamous
cell cancer(p<0.05), and lymphocyte counts were
decreased in squamous cell, small cell and undif-

Table 1. Patients Characteristics According to Histology and Stage (n=49)

Untreated(n = 26)

Treated(foliowed-up, n=23)

Histology
Squamous (n=24)
Adenocarcinoma (n=10)
Small cell cancer (n=11)
Undifferentiated (n=4)
Stage
NSCLC* Stage |l or Il (n=9)
Stage Il (n=29)
Limited (N=3)
Extensive (n=8)

SCLC**

w oo o, O

38

15
4

* Non-small cell lung cancer
** Small cell lung cancer
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Table 2. Total WBC Counts, Lymphocyte Counts and Percent of Lymphocytes in Normal Controls and Patients with

Lung Cancer (n=49)

WBC Counts(/mm?) Lymphocytes(/mm?) Percent(%)
Normal controls (n=28) 73451606 2675+ 456 37.4x7.3
Patients (n=49) 8224 + 4030 2113+ 878* 29.7+16.2*
Stage

NSCLC (n=38)

Stage | or Il (n=9) 9822 + 3547 2890+ 899 31.5+108

Stage it (n=29) 8310+ 4474 2027 £732** 31.0+18.8
SCLC (n=11)

Limited (n=3) 7500+ 2042 2393+1069 32.0x£105

Extensive (n=8) 6362+ 2979 1451 £ 780%* 22.8+13.4**

Histology

Squamous (n = 24) 9795+4718*** 2175+812*** 27.5+18.0***
Adenocarcinoma {(n=10) 6960 + 2620 2398 +1030 36.4+16.8
Small cell cancer (n=11) 6672 £ 2707 1708 +£921*** 25.3+x12.8***
Unditferentiated (n= 4) 6225+ 2523 2140+ 688*** 30.7+220

*p<0.02 between normal controls and patients
**p<0.005 between normal controls and patients
***p<0.05 between normal controls and patients

Table 3. Changes of Total WBC, Lymphocytes and Percent of Lymphocytes with Treatment (n=23)

WBC(fmm?) Lymphocytes(/mm?) Percent(%)
Before treatment 86785137 2412+ 888 33.6+19.6
After treatment 6747 +2383 2435+ 853 36.6+10.1
Before operation(n = 8) 9975+ 3752 3210+547 36.3+13.7
After operation 6200+ 2401* 2446 + 865 422+18.5
Before chemotherapy(n=15) 8041 £ 5761 1986 £ 728 322+225
After chemotherapy 7041 £2404 2242+ 737 33.6+14.4

*p=0.02 between before and after therapy

frentiated cancer, but there was no significant dif-
ference between patients with adenocarcinoma and
normal controls. The percentage of lymphocytes
was significantly decreased in patients with
squamous cell cancer and smait cell cancer(esp. ED).

2) Changes of total WBC counts, lymphocyte
counts and percentage of lymphocytes after
treatment (Table 3)

Twenty-three patients with lung cancer had
received pulmonary resection{n==8) or anticancer
chemotherapy(n = 15). There were no significant dif-
ferences in the total counts and percentage of lym-
phocytes, but total WBC counts were significantly

decreased after operation compared with before
operation (p=0.02).

3) T-cell subsets in patients with untreated lung
cancer {Table 4)

There was no significant difference between pa-
tients with lung cancer and normal controls in
OKT4(%). Patients with lung cancer, however, had
significantly decreased OKT8(%) (p<0.01).

Patients with undifferentiated carcinoma had
significantly decreased OKT4(%) (p<0.05), patients
with squamous cell cancer, adenocarcinoma and
SCLC had significantly decreased OKT8(%) (p<0.05)
and the OKT4/OKT8 ratio was significantly increas-
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OKT4(%) OKT8(%) OKT4/OKT8
Normal controls (n=28) 43.3+89 29.7+7.7 1.5+15
Patients (n=49) 41.6+12.1 22.6+0.0* 2.189+1.19*
Histology
Sguamous (n=24) 43.7x13.4 23.7+£6.9* 2.036 +0.811
Adenocarcinoma (n=10) 42.0+9.1 20.0£13.7** 2.810+1.88**
Smal! cell cancer (n=11) 40.9+9.3 22.3+8.3** 2.09+1.033
Undifferentiated (n=4) 30.2x14.2** 23.0x10.5 1.803+1.42
Stage
NSCLC
Stage | or Il (n=9) 41.3+7.7 23.6+8.8*** 1.969+0.82
Stage Il (n=29) 42.0x14.2 22.4+9.6*** 2.33£1.39***
SCLC
Limited (n=3) 49.6+11.8 23.7+88 2.961+1.558
Extensive (n=8) 37.6+6.3 186+6.5*** 1.76£0.62
*p<0.01 between normal controls and patients
**p<0.05 between normal controls and patients
***p<0.02 between normal controls and patients
Table 5. Changes of T Cell Subsets with Treatment (n=23)
OKT4(%) OKT8(%) OKT4/0KT8
Patients
Before treatment 447+127 221 +£6.5*** 2.227+£0.77***
After treatment 39.6+7.2 25.1x10.1 1.756+0.586*
Before treatment
Stage
NSCLC Stage | or Il (n=9) 43.1%85 21.8£7.9*** 1.972+0.751
Stage Hl (n=14) 46.2+145 20.4x56*** 2.468+0.737***
SCLC Limited (n=1) 56.0 25.0 2.24
Extensive (n=2) 33.5+0.7 27.5x9.1 1.294+0.458
After treatment
NSCLC Stage ! or Il 39.5+10.9 30.0+16.0 1.609+0.797
Stage ! 39.4+58 24.0+6.5*** 1.724£0.405**
SCLC Limited 40.0 20.0 2.45
Extensive 36.5+2.1 21.5+13.4 2.07+1.195

*p=0.024 between before and after treatment
**p=0.002 between before and after treatment
***p=0.02 between normal control and treatment

ed in patients with adenocarcinoma. There was no
significant difference between any stage of lung
cancer and normal controls in OKT4(%), but
OKT8(%) was significantly decreased in patients
with all stages of NSCLC and ED of SCLC(p<0.02).

There were no significant differences between pa-
tients with stage | or Il NSCLC and SCLC in OKT4/
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OKT8 ratio, but patients with stage Il NSCLC had
a significantly increased OKT4/OKT8 ratio (p<0.02).

4) Changes of T cell subsets following treatment
(Table 5)

The 23 patients with lung cancer also had
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Table 6. Comparison of Total WBC, Lymphocytes, Percent of Lymphocytes and T Cell Subsets with Treatment

According to Mode of Response

wBC Lymphocytes Percent OKT4 OKT8 OKT4/0OKT8
{fmm?) (fmm?) (%) (%) (%)
Control (n=28) 7345 2675 37.4 43.3 29.7 1.5
+1606 +456 +7.3 +8.9 +7.7 +1.5
Before treatment
Responder (n=15) 10587** 2764 38.6 42.2 22.8 2.07
+6777 +795 +18.3 +12.8 +6.6"* +0.778
Nonresponder (n=8) 8533 1751 24.5 49.3 20.8 2.519
+3909 +670*** +£19.7** +11.8 +6.4** +0.708
After treatment
Responder 6446 2448 40.0 40.6 27.6 1.654
+2394 +871 +16.5 +8.0 +11.1 +0.608
Nonresponder 7321 2060 28.2 37.86 20.5 1.946
+2415 +486** *12.4** +5.3 +58** +0.526

*p<0.03 between responder and nonresponder
**p<0.02 between controt and treatment

significantly increased OKT4/OKT8 ratios (p=0.02),
and this was increased in stage il NSCLC before
treatment compared to normal controls. OKT8(%)
was also significantly decreased in untreated patients
and in all stages of NSCLC compared to normal
controls.

There were no significant differences before and
after treatment in OKT4(%) and OKT8(%), but
OKT8(%) was persistently decreased after treatment
compared to normal controls. The OKT4/OKT8 ratio
was significantly decreased after treatment com-
pared to before treatment, and was more apparent
in patients with stage ili NSCLC, which showed no
difference between after treatment and normal con-
trols, suggesting improved immunoregulatory
functions.

5) Comparison of total WBC counts, lymphocyte
counts, percentage of lymphocytes and T cell
subsets following treatment according to mode
of response (Table 6)

Total WBC counts of patients with lung cancer
were significantly increased in responders before
treatment (p<0.02) compared to normal controls, and
total counts of lymphocytes were significantly in-
creased in responders (p<0.03) compared to
nonreponders before treatment. Total counts and
percentage of lymphocytes before treatment were
significantly decreased in nonresponders compared
to normal controls and were persistently decreased

after treatment (p<0.02).

There were no differences between responders,
nonresponders, before and after treatment, or nor-
mal controls in OKT4(%). Patients with lung cancer
had decreased OKT8(%) in responders and
nonresponders before treatment compared to nor-
mal controls and had persistently decreased
OKT8(%) in nonresponders after treatment.

There were no significant differences between
normal controls, before and after treatment,
responders or nonresponders in the OKT4/0KT8
ratio.

DISCUSSION

There are many reports that patients with lung
cancer often display immune abnor-
malities, 10131418 gnd these abnormalities in cell
mediated immunity have been considered to be
significant in the development and progression of
|ung Cancerl,4.9,15,16.20,21.23)_

Evaluation of immunocompetence in patients with
lung cancer by peripheral total lymphocyte
counts,"*8'9 percentage of lymohocytes,*’ delayed
skin hypersensitivity test,s10-20.21.23) guantitation of
peripheral lymphocyte subsets®s7-*1¢12 and mitogen
stimulation of lymphocytes*® has demonstrated both
functional and quantitative abnormalities.

However, conflicting data have been reported on
the distribution of mononuclear cell populations in
patients with lung cancer3-10.11.16.19.22)
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in the present study, we evaluated the distribu-
tion of peripheral T lymphocyte subsets in patients
with untreated lung cancer and changes of T lym-
phocyte subsets following treatment (pulmonary
resection or chemotherapy).

The present investigation revealed that patients
with untreated lung cancer had increased total WBC
counts in stage | or Il NSCLC (esp. squamous cell
cancer) compared to normal controls, which were
significantly decreased after operation and were also
noted in responders. Olkowski et al.* and Dellon et
al.’® found that patients with lung cancer had in-
creased WBC counts, especially in adenocarcinoma,
but our study revealed this in squamous cell cancer
and we considered that it may be due to distal bron-
chial obstruction causing inflammation or a
pneumonic process.

Patients with untreated lung cancer had
significantly decreased percentages and absolute
counts of peripheral lymphocytes compared to nor-
mal controls, which were more apparent in stage il
NSCLC, SCLC (esp. ED) and squamous cell type,
but these abnormalities were not changed or improv-
ed after treatment.

The nonresponder group had a significant
decrease in lymphocyte counts compared to
responders before treatment, and had a decrease
in percentage and absolute counts of lymphocytes
compared to normal controls before and after treat-
ment. We suggest that patients with initial (untreated)
lower lymphocyte counts may be possible
nonresponders following treatment.

We found that patients with advanced lung cancer
had decreased lymphocyte counts, and this finding
is in accord with other results!-3-4.7.8.10),

Roberts et al.! reported that lymphopenia was
a feature of patients with metastatic disease of bron-
chial carcinoma. Krant et al.’ found that circulating
lymphocytes were decreased significantly during the
months approaching death.

Patients with untreated lung cancer had a signifi-
cant decrease in OKT8(%) compared to normal con-
trols, and this was decreased in patients with SCLC
(esp. ED) and all stages of NSCLC (esp. squamous
and adenocarcinoma).

These results are in discord with other res-
ults,+>7:12 but we confirmed our previous study.'®
Ginns et al.?* reported that patients with squamous
cell cancer involving lymph nodes (N1 or N2 disease)
had a decrease in numbers and percentage of T8
lymphocytes. Because our trédted NSCLC cases
consisted mainly of squamous cell cancer, decreas-
ed OKT8(%) is considered to be consistent with
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Ginns et al.?» Gross et al.® found that a decrease
in circulating rosette-forming cells was predictive of
carcinoma in undiagnosed pulmonary coin lesion.
However, Jansen et al.’* and Lichtenstein et al.}®
have reported that there were no abnormalities of
circulating T cells in patients with lung cancer.
Recently, Wesselius et al.® reported that -atients with
SCLC and advanced NSCLC had a significant
decrease in the number of T4 and T8 cells.

In any case, regardless of whether or not T cell
subsets had changed, we consider that these
changes would be due to methodologic diffe-
rences®, compartmentalization into lungs!" or clonal
expansion.

Patients with untreated lung cancer had a signifi-
cant increase in the OKT4/OKT8 ratio compared to
normal controls, which was noted in adenocar-
cinoma and stage Il NSCLC, and was considered to
be due 1o the decrease in OKT8(%).

The significance of this finding is open to specula-
tion, but this result is the same as those of other
studies.s 10

After treatment, the decreased OKT8(%) before
treatment returned to the normal range in patients
with stage | or I NSCLC, but remained persistently
decreased in stage il and nonresponders. So, we
suggest that patients with advanced lung cancer hav-
ing low lymphocyte counts before treatment and
decreased OKT8(%) after therapy might not be
responsive to treatment.

The increased OKT4/OKT8 ratio in stage I
NSCLC returned to the normal range, and this fin-
ding suggests that immunoabnormalities in patients
with lung cancer might be improved following treat-
ment with or without response.

in summary, patients with lung cancer had im-
munologic abnormalities, such as decreased lym-
phocyte counts, decreased OKT8(%) and increased
OKT4/OKT8 ratios, and these abnormalities might
be improved following treatment.

Further data monitoring the quantitative and func-
tional changes (esp. for SCLC) of lymphocytes
following treatment (including radiotherapy) are
needed to analyse the role of immunologic changes
for the progression, recurrence and prognosis of lung
cancer.
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