
Abstract. Background: The impact of radiotherapy alone
(RT-alone) and radiotherapy plus concurrent chemotherapy
with cisplatin (RT-CHT) was determined for lymphocyte
subpopulations in cervical cancer patients. Materials and
Methods: Thirty-four women were treated either with RT-alone
(n=14) or RT-CHT (n=20). Peripheral lymphocytes were
collected before, immediately after and 6, 12 and 24 weeks after
completion of treatment. Flow cytometric analysis included
total T-cells, T-helper-cells, T-suppressor-cells, T-cytotoxic-cells,
NK-cells, B-cells and the CD4+/CD8+ratio. Results: Twenty-
four weeks after treatment, B-cells had recovered to
pretreatment levels whereas total lymphocyte counts, T-helper
and T-cytotoxic-cells were still significantly reduced in both
groups. In contrast, T-suppressor-cells and NK-cells had
recovered to pretreatment levels only in patients who received
RT-alone and were still significantly reduced in patients who
received RT-CHT. Conclusion: RT-alone and RT-CHT induce
a significant and prolonged suppression of all lymphocyte
subpopulations. RT-CHT, but not RT-alone, causes a
prolonged suppression of NK-cells and T-suppressor cells.

Cervical cancer is the second most common cancer in

women worldwide, and radiotherapy is the only effective

local treatment for patients with loco-regionally advanced

disease.

From 1999, after the publication of randomized trials

showing the benefit from concurrent chemotherapy in this

patient population (1-5), radio-chemotherapy has replaced

radiotherapy alone as the current standard of treatment for

locally advanced cervical cancer (6).

Radiation causes hematological toxicity and reduces the

number of circulating lymphocytes and their subpopulations.

The addition of cisplatin to radiation increases its

hematological toxicity 2-fold (7).

Although radio-chemotherapy is the standard treatment

for locally advanced cervical cancer, there is little data

regarding its influence on lymphocyte subpopulations (8).

The aim of this study was to assess the impact of

radiotherapy, with and without concurrent cisplatin, on

lymphocyte subpopulations in patients with locally advanced

cervical cancer. In addition, patterns of recovery to

pretreatment counts according to lymphocyte subtypes were

analyzed after treatment.

Materials and Methods

Patients. The Institutional Ethical Board of the University Hospital

of Vienna, Austria, approved this study and written informed

patient consent was obtained for the procedure. A total of 34

consecutive patients, with histologically proven cervical cancer

stage FIGO IB–IVA, were prospectively enrolled during the period

November 2000 to March 2002.

Patients were not included if they had undergone hysterectomy

before radiotherapy (RT), had prior or concurrent second

malignancies, or had a history of prior pelvic RT. All patients were

staged by clinical examination, chest X-ray, cystoscopy and

rectoscopy, according to the FIGO guidelines.

Thirteen patients were surgically staged and had a laparoscopic

lymph node dissection before irradiation. The lymph node status

of the remaining 21 patients was determined by imaging methods.

Tumors were considered bulky if they exceeded a size of 50 mm in

the largest diameter on clinical examination.

Therapy. All patients underwent primary RT, with or without

concurrent cisplatin, according to the in house protocol at the

Department of Radiotherapy and Radiobiology, University

Hospital of Vienna (9). Briefly, external beam RT was delivered to

the pelvis or pelvis and para-aortic region (depending on the
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results of staging), using a planned dose of 40–50 Gy (median 48.6

Gy) in 1.8- to 2-Gy daily fractions with 18 to 25 MV photons. A 4-

field box was used to treat the pelvis, whereas anterior-posterior

opposed fields were used for para-aortic nodes. In addition, 3 to 6

fractions of intracavitary high dose-rate brachytherapy were applied

in weekly fractions of 7 Gy each to point ‘A’, depending upon the

tumor stage and volume.

Patients who received chemotherapy were treated with 40 mg/m2

cisplatin concurrently with external beam therapy on days 1, 8, 15,

22 and 29. Fourteen patients did not receive simultaneous

chemotherapy because of following reasons: 3 patients had low-risk

cervical cancer (IA, IB1, IIA without lymph node involvement), 4

were >80 years, 1 refused chemotherapy and 4 had major medical

or psychiatric illness or Karnofsky performance score <60,

respectively. 

Patients were seen for follow-up 6, 12 and 24 weeks after

therapy and subsequently at 3-month intervals for the first 2 years

and every 6 months thereafter.

Immunomonitoring. Blood was obtained by venous puncture 24 h

before the start and on the last day of RT. In addition, blood was

drawn during follow-up visits 6 weeks after, 12 weeks after and 24

weeks after completion of RT. Absolute numbers of lymphocyte

subpopulations including total T-cells (CD3+), T-helper-cells

(CD4+), T-suppressor-cells (CD8+), T-cytotoxic-cells

(CD3+CD16+CD56+), B-cells (CD19+), natural killer cells (CD3-

CD16+CD56+) and the CD4+CD8+ ratio were determined by flow

cytometric analysis (FACS) using standard procedures. Follow-up

data of lymphocyte subsets were available at Time 1 (=immediately

after therapy) for 33 patients, at Time 2 (=6 weeks after therapy) for

25 patients, at Time 3 (=12 weeks after therapy) for 29 patients and

at Time 4 (=24 weeks after treatment) for 26 patients.

Analysis of lymphocyte subpopulations by flow cytometry.
Lymphocytes and lymphocyte subsets from undiluted whole blood

were identified by MultiTEST four-color reagents.

The MultiTest IMK Kit (Becton Dickinson, BD) containing

Mabs CD3FITC/CD8PE/CD45PerCP/CD4APC and CD3FITC/

CD16+56PE/CD45PerCP/CD19APC was used, furthermore the

combination of the Mabs CD3FITC/AntiHLA-DRPE/CD45PerCP/

CD8APC and CD57FITC/CD8PE/CD45PerCP/CD14APC (BD).

Absolute counts of leucocytes and positive cells were

determined by TruCountì Tubes (BD). Lymphocyte populations

were identified from a CD45 vs. side scatter (SSC) or CD3 vs. SSC

display in any parameter.

Control isotype-matched FITC- or PE-conjugated MAb were

also obtained from BD.

Briefly, 50 Ìl of undiluted whole blood was added to TruCountì

Tubes with 10 Ìl of the antibody reagent; tubes were capped,

vortexed and incubated for 15 min at room temperature and then

450 Ìl of FACSì lysing solution (BD) was added for 15 min at

room temperature.

Cells were analyzed with a FACS Calibur dual laser system with

an air-cooled 15 mW argon ion laser emitting at 488 nm and a red

diode laser emitting at 635 nm. (BD). Gated signals were detected

at 585 BP filter and 640 LP filter and analyzed using MultiSet

software (BD). The proportion of lymphocytes stained with each

MAb was converted to the absolute number per microliter by

comparing cellular events to the known number of fluorescent

bead events.

Statistics. Frequency distributions (patient characteristics) were

analyzed using the Mann Whitney test and the Kruskall Wallis test

when appropriate. The mean difference between Time 0 and Time

1 (Time 0 minus Time 1) and between Time 0 and Time 4 (Time 0

minus Time 4) was calculated. Analysis for the value differences

between Time 0 and Time 1 and the differences between Time 0

and Time 4 was performed using paired t-tests. For all tests, a p-

value of <0.05 was considered as significant. All p-values given are

the results of two-sided tests.

Results

Analysis was based on the data from 34 patients. Fourteen

patients (41.2%) received radiotherapy alone (RT-alone), and

20 (58.8%) patients received radiotherapy plus concurrent

chemotherapy (RT-CHT). The median age for all patients

was 57 years (range, 32-88 years), 66 years (range, 44-88 years)

for patients in the RT-alone group and 55 years (range, 33-77

years) for patients in the RT-CHT group (p=0.019). Further

detailed patients’ characteristics are given in Table I.

Lymphocyte subpopulations before (Time 0) and immediately
after treatment (Time 1). Pretreatment lymphocyte counts

and their subpopulations according to the treatment

regime are shown in Table II. No significant differences in

the pretreatment values between RT-alone and RT-CHT

were seen.

Immediately after treatment, the mean numbers of all

lymphocyte subpopulations were significantly reduced in

both treatment regimes (Figure 1).

The mean difference of lymphocyte subpopulation counts

between Time 0 and Time 1 according to treatment is

shown in Table III. No differences between either treatment

regimes were observed.

Lymphocyte subpopulations 24 weeks after treatment (Time 4).
Eight patients could not be assessed at 24 weeks: 7 patients

had disease progression and died of disease and 1 patient was

lost in follow-up. The mean difference of lymphocyte

subpopulation count between Time 0 and Time 4 according to

treatment is shown in Table IV. Twenty-four weeks after

treatment, B-cells had reached baseline values in both

treatment groups, whereas total lymphocytes, total T-cells, T-

helper-cells and T-cytotoxic-cells were still significantly reduced

(Table IV, Figure 1). T-suppressor-cells and NK-cells had

reached baseline values in the RT-alone group only and were

still significantly reduced in the RT-CHT group (p=0.001 and

0.032). The CD4+/CD8+ ratio was still significantly reduced

in both treatment groups (p=0.004 and 0.006).

Discussion

In this study, we have demonstrated that radiotherapy causes

substantial immune suppression in cervical cancer patients,
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regardless of whether concurrent cisplatin is added or not. A

significant decrease of all T-cell subpopulations, NK-cells and

B-cells was seen immediately after completion of RT-alone

and RT-CHT. Interestingly, recovery to pretreatment level

was different in both treatment groups: T-suppressor-cells and

NK-cells retrieved pretreatment levels only in RT-alone

patients and were still significantly reduced in RT-CHT

patients 24 weeks after completion of therapy.

It was reported that radiation of the pelvis causes a

significant long-lasting hematological toxicity (10-12). Previous

studies have shown that only 27% of patients returned to

normal total lymphocyte counts within 2 years of radiotherapy,

and only 50 percent within 5 years (10).

Adding chemotherapy to radiotherapy increases

hematological toxicity. Recently, a systematic review of acute

and late toxicity of concurrent radio-chemotherapy with

cisplatin revealed a 2-fold increase in white blood count

toxicity (7). An increase in acute hematological toxicity was

also observed in our own patients’ data (submitted for

publication by Poetter R et al., 2004).

Although radio-chemotherapy is the standard treatment for

locally advanced cervical cancer, there are so far only few data

available regarding its impact on lymphocyte subpopulations

(8). Only one series on radiotherapy, with and without

concurrent cisplatin, in primary cervical cancer reports the

results of 8 patients. In contrast to our findings, significant

differences in the count and function of lymphocytes in

patients receiving either radio-chemotherapy with cisplatin or

radiotherapy alone were not observed in this study (8).

Analysis of lymphocyte subtypes 24 weeks after therapy,

however, was not investigated.

Prolonged T-cell and NK-cell depletion after radio-

chemotherapy may have important clinical implications.

Patients with low T-cell levels may be at higher risk of

opportunistic infection (13). While controlled studies have not

been performed in oncology populations, experience in the

setting of HIV infection has shown that a peripheral blood

CD4+ count of <200 cells/mm3 significantly increases

susceptibility for opportunistic infections (14).

Cervical cancer has a specific viral etiology and, therefore,

T-helper-cells, T-suppressor-cells and NK-cells play an

important role in the elimination of the human papilloma

virus (HPV) and in the control of the disease. It has been

shown recently, that patients with positive cellular immune

reactions to HPV-16 E6 and/or E7 achieved regression of

biopsy-proven HPV-induced cervical intraepithelial neoplasia

(15, 16). NK-cells also have the ability to destroy virus-infected

cells and studies in patients have indicated that NK-cells can

play a role in the reduction of metastases (17).

Compromised immune function may influence tumor

recurrence. Earlier studies reported a direct association

between low CD4+/CD8+ ratio and impaired outcome of
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Table I. Patient and tumor characteristics.

Attribute Total RT-alone RT-CHT p
(n=34) (n=14) (n=20)

n % n %

Age, years

Median 57 66 55 -

range 33-88 44-88 33-77 0.019

FIGO stage

IB 5 2 14.3 3 15 -

IIA+IIA 9 3 21.4 6 30 -

IIIA+IIIA 18 9 64.3 9 45 -

IVA 2 0 0 2 10 0.530

Tumor size

≤5 cm 11 7 50 4 20 -

>5 cm 23 7 50 16 80 0.135

Histology

Squamous 27 11 78.6 16 80 -

Adenocarcinoma 7 3 21.4 4 20 1

Grading

Well 2 1 7.1 1 5 -

Moderate 16 7 50 9 45 -

Poorly 12 5 35.8 7 35 -

Not stated 4 1 7.1 3 15 0.910

Pelvic nodes 

Negative 17 6 42.9 11 55 -

Positive 17 8 57.1 9 45 0.728

Table II. Lymphocyte subpopulations at presentation (Time 0).

RT-alone RT-CHT p
(n=14) (n=20)

Cell type mean SE mean SE

Total 1337 110 1681 155 0.158

lymphocytes

Total T-cells 872 59 1192 138 0.107

(CD3+)

T-helper-cells 566 65 751 71 0.071

(CD3+CD4+)

T-suppressor-cells 323 24 380 56 0.796

(CD3+CD8+)

1.9 0.3 2.64 0.4 0.217

CD4+/CD8+ ratio 

T-cytotoxic-cells 118 25 134 34 0.796

(CD3+CD16+CD56+)

Natural killer-cells 251 41 226 28 0.877

(CD3-CD16+CD56+)

B-cells 132 32 175 26 0.090

(CD19+)
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Figure 1. Error-bars representing lymphocyte subpopulation counts before and after treatment in RT-alone and RT-CHT patients. Time 0=before therapy,
Time 1=immediately after commencement of therapy, Time 2=6 weeks after therapy, Time 3=12 weeks after therapy and Time 4=24 weeks after therapy.
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Table III. Difference of lymphocyte subpopulation counts between baseline (Time 0) and end of therapy (Time 1) in 33 cervical cancer patients.

Time 0 minus Time 1

Cell type RT-alone (n=13) RT-CHT (n=20)

mean SE p mean SE p

Total lymphocytes –780 –111 <0.001 –1222 –161 <0.001

Total T-cells –498 –69 <0.001 –864 –148 <0.001

(CD3+)

T-helper-cells –364 –51 <0.001 –576 –62 <0.001

(CD3+CD4+)

T-suppressor-cells –127 –46 0.017 –229 –72 0.005

(CD3+CD8+)

CD4+/CD8+ ratio –0.64 –0.18 0.004 –0.37 –0.44 0.413

T-cytotoxic-cells –70 –11 <0.001 –79 –41 0.066

(CD3+CD16+CD56+)

Natural killer-cells –122 –29 0.001 –153 –34 <0.001

(CD3-CD16+CD56+)

B-cells –105 –29 0.003 –143 –26 <0.001

(CD19+)

Table IV. Difference of lymphocyte subpopulation counts between baseline (Time 0) and 24 weeks after therapy (Time 4) in 26 cervical cancer patients.

Time 0 minus Time 4

Cell type RT-alone (n=9) RT-CHT (n=17)

mean SE p mean SE p

Total lymphocytes –498 –188 0.030 –802 –124 <0.000

Total T-cells –388 –114 0.009 –685 –93 <0.000

(CD3+)

T-helper-cells –343 –86 0.004 –490 –61 <0.000

(CD3+CD4+)

T-suppressor-cells –25 –46 0.600 –163 –42 0.001

(CD3+CD8+)

CD4+/CD8+ ratio –1 –0.25 0.004 –0.88 –0.28 0.006

T-cytotoxic-cells –64 –22 0.023 –63 –18 0.003

(CD3+CD16+CD56+)

Natural killer-cells –29 –35 0.431 –64 –27 0.032

(CD3-CD16+CD56+)

B-cells –44 –41 0.312 –34 –20 0.116

(CD19+)



patient harboring cervical cancer (18, 19). Tate and Anderson

recently reported higher recurrence rates in HIV patients with

low CD4+ counts (=T-helper-cells) compared to patients

with normal CD4+ counts, following ablative therapy for

cervical dysplasia (20).

It was shown, recently, that intensity-modulated

radiotherapy could reduce the volume of irradiated pelvic

bone marrow compared with conventional techniques (21).

Whether this dosimetric effect can be translated into clinical

benefit and prevent immune suppression will be evaluated in

future studies.

We conclude that radiotherapy, with and without

concurrent cisplatin, induces a significant long-lasting

suppression of T-cells including T-helper-cells and T-

cytotoxic-cells. Addition of cisplatin to radiotherapy results

in prolonged suppression of NK-cells and T-suppressor cells.

We are aware of the relatively small number of patients

included in this study. Although the findings are statistically

significant, further studies using larger patient numbers are

necessary in order to further strengthen these interesting

results. We believe that our observation may have important

implications for the clinical management of this group of

patients and justify further studies that should investigate the

clinical course of patients with prolonged immuno-

suppression after radio-chemotherapy.
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