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Multiple Defects of T Helper Cell Function in
Newly Diagnosed Patients with Hodgkin’s Disease

M. Clerici, E. Ferrario, D. Trabattoni, S. Viviani, V. Bonfanti, D. J. Venzon,
E. Clerici, G.M. Shearer and M.L. Villa

T helper cell (TH) function, as assessed by interleukin-2 (IL-2) production and [*H]thymidine incorporation, was
studied in 47 newly diagnosed untreated patients with Hodgkin’s disease (HD) and 34 healthy controls. Three
different stimuli were used to stimulate in vitro peripheral blood mononuclear cells (PBMC): influenza A vaccine
(FLU), HLA alloantigens (ALLO) and phytohaemagglutinin (PHA). Four different patterns of TH function were
observed in HD patients: (1) IL-2 production in response to all of the stimuli (40%); (2) IL-2 production in
response to ALLO and PHA but not to FLU (26%); (3) IL-2 production in response to PHA alone (19%); and (4)
failure to respond by IL-2 production to any of the three of the stimuli (15%). Thus, defective in vitro TH function
was detected in the majority of these patients (60%). Defective TH function was observed in none of the 34
controls. Severely compromised TH function (patterns 3 and 4) tended to be associated with more advanced
clinical presentation and more compromised haematological parameters (P < 0.05). The IL-2 production assay
was more sensitive than the proliferative assay as only 30% of the HD patients failed to proliferate in response to
FLU, and none failed to proliferate in response to either ALLO or PHA; this assay can detect subtle, multiple
patterns of immune dysregulation in untreated HD patients. Our results suggest that HD is associated with a
fundamental dysregulation in TH function, illustrate the complexity of such dysregulation, and raise the possibility

that HD progression will be associated with a type-1-type-2 switch in immunoregulatory cytokine production.
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INTRODUCTION
A VARIETY OF defects in cell-mediated immunity has been
reported in patients with Hodgkin’s disease (HD), including
negative delayed-type hypersensitivity reactions, delayed allog-
raft rejection and alterations in graft versus host reactivity in
vivo, as well as defective proliferative responses in antigen-
stimulated cultures and mixed lymphocytic reaction, and mitog-
en-stimulated interleukin-2 (IL-2) production in vitro [1-9].
However, a more complete analysis of the depth and the
complexity of the defect in T helper cell (TH) function has not
been performed in HD patients. We have developed a sensitive
in vitro IL-2 production assay for the analysis of defects detected
in TH function, in which peripheral blood mononuclear cells
(PBMC) stimulated with antigens activate the immune response
through different T-helper-antigen presenting cell (APC) path-
ways [10]. These TH-APC interactions can be divided into three
distinct categories based on the T cell subsets and source of APC

Correspondence to M. Clerici.

M. Clerici, E. Ferrario, D. Trabattoni, E. Clerici and M.L. Villa are at
the Cattedra di Immunologia, Universita’ di Milano, 20133, Milano; S.
Viviani and U. Bonfanti are at the Oncologia Medica A, Istituto
Nazionale Tumori, Via Venezian, 1 20133 Milano, Italy; D.]. Venzon is
at the Biostatistics and Data Management Section and G.M. Shearer is
at the Experimental Immunology Branch, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland 20892, U.S.A.
Received 6 Apr. 1994; accepted 24 June 1994.

utilised. Thus, TH responses to recall antigens such as influenza
A vaccine (FLU) are dependent on CD4* T cells and autologous
APC. In contrast, responses to HLA alloantigens (ALLO) can
be generated by three different pathways of help: (1) CD4* T
cells and autologous APC (similar to the requirement for recall
antigens); (2) CD4* T cells and allogeneic APC; and (3) CD8*
T cells and allogeneic APC [10].  The first of these pathways
requires antigen processing and is referred to as the indirect
pathway, whereas pathways (2) and (3) involve direct recognition
of HLA antigens on the allogeneic APC, and constitute the
direct pathways of antigen recognition.

We have used this approach to detect subtle, multiple defects
in TH function in: (a) individuals who are seropositive for
the human immunodeficiency virus (HIV*) [11]; (b) kidney
allograft patients on immunosuppressive protocols [12, 13]; and
(c) patients who have systemic lupus erythematosus [14]. The
study of these TH-APC pathways has permitted us to subdivide
asymptomatic, HIV + individuals on the basis of in vitro immune
function into categories that are indistinguishable by clinical
parameters [11]. In fact, the sequential and progressive loss of
IL-2 production in response to recall antigens, then to ALLO,
and finally to phytohaemagglutinin (PHA) is predictive for three
clinically relevant AIDS parameters: (1) reduction in the number
of CD4" T cells [15]; (2) time to AIDS diagnosis; and (3) time
to death [16]. Furthermore, tn vitro analysis of renal recipients
by the indirect and the direct TH-APC pathways has been used
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to diagnose patients who are undergoing acute and chronic
allograft rejection at the time of analysis [12], and is also
predictive of those patients who will lose their kidney grafts
within a 3-year period [13]. Thus, in vitre analysis of these TH-
APC pathways by stimulation with recall antigens, allogeneic
PBMC or PHA has recently been shown to be a valuable
predictor for clinically relevant events involving two unrelated
immunological disorders — progression to AIDS and allograft
rejection. Although several previous reports have demonstrated
in vitro immunological defects to various stimuli in HD patients,
none has used the approach outlined above to compare, in the
same study, the responses of PBMC of untreated HD patients.
The present report is the first attempt to make such a comparative
analysis in HD patients prior to therapy, and to correlate the
patterns of immune dysfunction seen with clinical staging. If
successful, such a study might be not only of diagnostic value,
but could also have mechanistic implications concerning
immune dysregulation in cancer.

In the present study, we assessed in vitro TH function by IL-
2 production in response to FLU, ALLO, and PHA by PBMC
from 47 newly diagnosed, untreated HD patients, as well as
from 34 age- and sex-matched healthy controls. We report here
the identification of three distinct patterns of TH dysfunction in
HD patients, and that defective TH function can be detected in
the majority (60%) of these patients.

PATIENTS AND METHODS

Patients and clinical evaluation

The case series consisted of 34 healthy controls and 47 patients
with histological diagnosis of Hodgkin’s disease, consecutively
entered in controlled clinical trials. All patients with HD were
previously untreated with chemotherapy: 45 were newly diag-
nosed and T helper cell function was evaluated before therapy.
2 patients were in first recurrence after radiation therapy; in
these 2 patients TH function was tested 10-28 months after
completion of radiotherapy and before starting chemotherapy.
Clinical stage was determined according to the Ann Arbor
classification [17], modified at the Cotswold meeting [18]. There-
fore, pretreatment evaluation consisted of detailed history,
complete physical examination, complete blood cell count,
erythrocyte sedimentation rate, serum copper level, biochemical
analysis of liver, bone and renal function, and two needle bone
marrow core biopsies from bilateral iliac crest. Radiological
investigation included chest X-ray, computed tomography and/
or magnetic resonance imaging of the thorax and abdomen,
bipedal lymphangiography and any additional imaging study
necessary to clarify the significance of symptoms and/or physical
signs. The palpable or the abdominal lymph nodes were defined
as bulky if the largest dimension of the node or the nodal mass
was 10 cm or greater, whereas a mediastinal mass was defined as
bulky when the maximum width was equal to or greater than
one third of the transverse diameter of the thorax at the level of
T5-T6. The therapeutic programme consisted of extended
radiotherapy alone for patients with favourable stage IA, and
combined chemoradiotherapy for all other patients.

Processing of blood

Whole blood from HD patients and healthy control donors
was drawn in Vacutainer tubes containing preservative-free
heparin (Becton-Dickinson, Rutherford, New Jersey, U.S.A.).
PBMC were separated on lymphocyte separation medium (LSM;
Organon Teknika Corp., Durham, North Carolina, U.S.A.),
washed twice in phosphate-buffered saline (PBS), and resus-
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pended at 3 X 10%ml in RPMI 1640 (Gibco Laboratories, Grand
Island, New York, U.S.A.) containing 0.5% penicillin, 0.5%
streptomycin, 1% glutamine and 10 mM HEPES (MEDIA).
Counting of viable cells was performed by Trypan blue
exclusion.

In vitro assays for T helper function

For IL-2 production and proliferation assays, 3 X 10° PBMC
were placed in flat-bottom wells of microtitre culture plate
(Costar, Cambridge, Massachusetts, U.S.A.) in a final volume
of 0.2 ml (MEDIA) along with: (a) no stimulation (medium
background); (b) influenza virus vaccine prepared with a mixture
of A/Taiwan, A/Shanghai and B/Victoria, 24 pg/l (FLU; final
dilution 1:1000); (c) a pool of irradiated (50 Gy) allogeneic
PBMC (1 x 10° cells per well) from two or more unrelated
healthy control volunteers (ALLO); or (d) PHA (M form, Gibco)
at a final concentration of 1:100. Three replicate cultures were
performed for each stimulation. Pooled human plasma was
added to each well (1:20 final) 1 h after sensitisation of the
PBMC. In the IL-2 assay, the anti-IL-2 receptor antibody,
humanised monoclonal anti-Tac (Becton-Dickinson) was added
to the cell cultures on the first day at a final concentration of
1 pg/ml to inhibit IL-2 consumption. To assess IL-2 production,
culture supernatants were harvested after 7 days, and total IL-2
produced throughout the culture period was determined by
testing each supernatant for the ability to stimulate the prolifer-
ation of an IL-2-dependent mouse continuous T lymphocyte
line (CTLL). Five successive 2-fold dilutions in triplicate were
set up to test the supernatants for ability to stimulate the
proliferation of 8 X 103 CTLL/well in 96-well microtitre plates.
After 24 h, the CTLL cultures were pulsed with 1 uCi of
[*H]thymidine, and harvested 18 h later. The method used to
calculate IL-2 units has been described previously [12]. Briefly,
the units were calculated as a constant multiplied by the recipro-
cal supernatant dilution corresponding to half-maximal CTLL
proliferation. This dilution was computed by extrapolation of
the line generated by linear regression analysis of the counts per
minute (CPM) for CTLL proliferation as a function of the
supernatant dilution, using off-plateau values [12]. For the
proliferative assay, cultures were pulsed with 1 wCiof [*H]thym-
idine 6 days after antigenic stimulation and harvested 18 h later.
In the IL-2 assay, patients were defined as positive to a given
antigen if the units of IL-2 in the stimulated culture were >3
S.D. above the mean units of IL.-2 of the unstimulated cultures
of the healthy controls donors. The mean IL-2 units of unstimu-
lated cultures was 0.87 for the healthy controls and 0.95 for the
HD patients. In the proliferative assay, patients were defined as
being responsive to a given antigen if the mean cpm of the
stimulated cultures was >3-fold above the mean unstimulated
cpm of the healthy controls. The cutoff values were 4.9 units for
the IL-2 assay and 6233 CPM for the proliferation assay.

To analyse the alloantigen presenting/stimulating ability, the
PBMC from HD patients were used as allogeneic stimulators for
PBMC from healthy controls (responder PBMC). Responder
PBMC were either undepleted or were depleted of their own
antigen presenting cells (APC). Depletion of APC was achieved
by a two-step procedure involving sequential plastic and nylon
fiber-adhesive procedures described in detail previously [19].

RESULTS
PBMC from 34 healthy control donors and 47 newly diagnosed
untreated HD patients were tested for in vitro IL-2 production
after stimulation with FLU, ALLO or PHA. Complete IL-2
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Figure 1. Whole IL-2 titration curves produced in response to stimulation with FLU (O), ALLO (A) and PHA (A) or no stimulation (+) for
a healthy control and 4 HD patients in different TH functional categories (see text for details). (a) +/+/+ HD patient; (b) —/+/+ HD patient;
(c) —/—/+ HD patient; (d) —/—/~ HD patient; (e) healthy control.

titration curves are shown in Figure 1 for one representative
healthy control and 4 HD patients. PBMC from all 34 control
donors (100%) produced IL-2 in response to FLU, ALLO and
PHA and were similar to that of panel E. One of the four
functional patterns illustrated in panels a—d was observed for
each of the 47 HD patients. The first pattern was characterised
by positive response to all of the stimuli (similar to the controls)
and was observed in 19/47 (40%) patients (Figure la); in the
second pattern (Figure 1b), observed in 12/47 (26%) patients,
the response to FLU was absent, and IL-2 production in
response to ALLO and PHA was positive but reduced compared
to controls. In the third pattern, observed in 9/47 (19%) patients
(Figure 1c), PBMC responded to PHA but failed to respond to
FLU and ALLO. Finally, PBMC from 7/47 patients (15%)
(Figure 1d) failed to respond to any of the stimuli. Flow
cytometric analysis of PBMC indicated that none of these
patients showed a reduction in the number of CD3* and CD4"
T lymphocytes (data not shown). Qur results demonstrate that
four distinct patterns of TH function can be identified in HD
patients, and indicate that defective IL-2 TH function is present
in the majority (60%) of newly diagnosed untreated patients with
HD.

PBMC from 34 of the control donors and from all 47 of the
HD patents were also tested in the same experiments for
proliferative responses to the same panel of stimuli. PBMC from
all of the 34 control donors (100%) proliferated in response to
FLU, ALLLO and PHA. PBMC from 14/47 (30%) of the patients
failed to proliferative in response to FLU, but did proliferate in
response to ALLO or PHA. PBMC from none of the 47 patients
(0%) showed defective proliferation in response to either ALLO
or PHA (see Table 1). With two exceptions, a concordance
between defective proliferation and defective IL.-2 production
in response to FLU was observed. In both of the exceptions,
the proliferative response to FLU was positive, whereas IL-2
production was negative. For simplicity we will refer to those
patients who, by IL-2 production, responded to FLU, ALLO
and PHA as +/+/+; to those who failed to respond to FLU, but
not to ALLO or PHA as —/+/+; to those who only responded
to PHA as —/—/+; and to those who did not respond to any of
the stimuli as —/—/—. No patients were found (by either IL-2
production or proliferative assay) who responded to FLU but

not to ALLO or PHA, or who responded to FLU and ALLO
but not to PHA.

Figure 2 shows the mean and individual values for IL-2
production (units of IL-2) by PBMC from each of the 34 controls
and of the 47 HD patients in response to FLU, ALLO and
PHA. The IL-2 produced is expressed in units of IL-2. Defective
IL-2 production in response to FLU was observed in 28/47
(60%) HD patients (Figure 2a), but in none of the 34 controls
(Figure 2b). The corresponding mean units of IL-2 produced by
FLU-stimulated PBMC from the patients was 4.9; the mean for
the controls was 19.4. IL-2 production by ALLO-stimulated
PBMC was defective in 16/47 (34%) patients (Figure 2c), but in
none of the controls (Figure 2d). The mean units of ALLO-
stimulated IL-2 produced was 18.1 for the HD patients and 29.8
for the controls. Finally, PBMC from 7 HD patients, but none
of the controls (compare Figure 2e with 2f), showed defective
IL-2 production, even when stimulated with PHA. The mean
units of IL-2 produced was 16.8 for the HD patients and 73.5
for the controls.

The data on in vitro generation of IL-2 by PBMC of the 47
HD patients are summarised in Table 2. This table also presents
the clinical and haematological parameters, as well as age and
sex of the 47 HD patients. The clinical parameters considered
were the Rye clinical stage (I-IV) of Hodgkin’s disease at
diagnosis, the histological classification {[nodular sclerosis (NS),
mixed cellularity (MC), lymphocytes depletion (D) and lym-
phocyte predominance (LP)], the presence of a bulky retroster-
nal mass and the absence (A) or presence of symptoms (B). As

Table 1. Fraction and percentage of unresponsive patients to FLU,
ALLO and PHA

Tested by IL-2 production Tested by proliferation

Donor status FLU ALLO PHA FLU ALLO PHA
Hodgkin’s 28/47 16/47  7/47  14/47 047 0/47
lymphoma (60%) (34%) (15%) @(30%) (0%) (0%)
Controls 0/34 0/34  0/34 0/34  0/34 0/34

0%) (%) (0% (%) (0% (%)
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Figure 2. Relative IL-2 units produced by 47 HD patients and 34 healthy controls in response to stimulation with FLU, ALLO or PHA. The
mean value is indicated in each panel by a black bar.

shown in Table 2, the initial clinical presentation of the —/—/—
patients was more often severe (stage III or IV), symptomatic
(B), and associated with a bulky retrosternal mass and a histologi-
cal LD profile. Because of the relatively small number of
patients in each group, however, none of the differences reached
statistical significance. Six haematologic parameters were con-
sidered: erythrocyte sedimentation rate (ESR), concentration of
copper (Cu?*), concentration of calcium (Ca®*), haemoglobin
(Hb), concentration of alkaline phosphatase and of fibrinogen.
For each parameter, the overall median and the median value
for each TH functional group is shown. The median values for
ESR, Cu?*, alkaline phospatase and fibrinogen were higher in
the more defective TH patients (—/—/+ and —/—/—); the trend
was statistically significant (P < 0.05) between +/+/+ and —/
—/— (Jonckheere test for trend) for Cu?*. The trend was also

statistically significant (P < 0.05) when the values for the
combined +/+/+ and —/+/+ groups were compared with the
—/—=/+ and the —/—/— groups (Wilcoxon rank sum test).
The trends for ESR, alkaline phosphatase and fibrinogen were
positively correlated with each other and with the trend for
Cu?* (P < 0.001), as well as negatively correlated with Hb
(P < 0.001) (Spearman rank correlation method). Table 2 also
illustrates that no correlation was observed that involved age or
sex, and any TH functional subgroup.

Finally, PBMC from 11HD patients in all four of the TH
functional categories were used as stimulators in a mixed lym-
phocyte reaction, as previously reported for AIDS patients [19].
PBMC from healthy control donors were used as responder cells,
either before or after depletion of their own antigen-presenting
cells. No defects in the allogeneic stimulatory capacity were
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Table 2. Summary of haemarological, histological and immunological parameters for 47 newly
diagnosed patients with Hodgkin’s lymphoma

Hodgkin’s lymphoma patients
Overall Overall +/+/+ —/+/+ —/—/+ —/=/=
median  range (n=19) (n=12) n=9 n=17
Haematological
parameters
ESR(1 h) 26.5 5-121 21 26 45.5 35.5
Cu?* (pg/ml) 163 10-332 150 142 200 209
Hb (g/) 13.1 8.4-17.7 13.8 12,9 12.1 12.5
Fibrinogen (mg/ml) 461 146-990 428 341 582 660
Ca?* (mg/ml) 9.4 8.2-10 9.3 9.5 9.2 9.4
Alk. phosp. (U/) 193 52-316 186.5 158 243 208
Clinical parameters
Stage | 6 3 (16%) 2(17%) 0 (0%) 1 (14%)
Stage IT 31 13 (68%) 9 (75%) 7 (78%) 2(29%)
Stage I11 5 2(11%) 0 (0%) 1(11%) 2 (29%)
Stage IV 5 1(5%) 1 (8%) 1(11%) 2 (29%)
A 23 12 (63%) 5(42%) 3(33%) 3(43%)
B 24 7 (37%) 7 (58%) 6 (67%) 4 (57%)
Bulky 17 5 (26%) 4(33%) 4 (44%) 4 (57%)
Histological parameters
NS 8 1(5%) 4(33%) 2 (22%) 1(14%)
MC 7 4(21%) 2(17%) 1(11%) 0(0%)
NS/CM 21 9 (47%) 5(42%) 5 (56%) 2 (29%)
LP* 3 2(11%) 0 (0%) 0 (0%) 1 (14%)
LDt 6 1(5%) 1(8%) 1(11%) 3(43%)
Not classified 2 2(11%)
Age (years) 28.7 29.3(19-49) 40.8(25-61) 32.5(16-48) 23.1(19-29)
Sex (male/female) 23/24 10/9 4/8 5/4 4/3
Immunological
parameters
IL-2 units FLU 4.9 15.8 2.2 29 4.7
IL-2 units ALLO 18.1 27.8 19.4 2.7 4.1
IL-2 units PHA 16.8 29.9 11.3 34.3 3.1

*2 cases LP; 1 case SN variety LP. 12 cases LD; 6 cases SN variety LD. ESR, erythrocyte sedimentation
rate; Cu®*, copper concentration; Hb, haemoglobin; Ca?*, calcium concentration; Alk. phosp., alkaline
phosphatase; NS, nodular sclerosis; MC, mixed cellularity; LD, lymphocyte depletion; LP, lymphocyte
predominance. A, Absence of symptoms; B, Presence of symptoms; Bulky, Presence of bulky restrostenal

mass.

detected by IL-2 production either when HD patients PBMC
were used as stimulators of whole PBMC from healthy controls,
or when HD patients PBMC were used as stimulators of APC-
depleted PBMC from health controls (data not shown). Similar
results were obtained using the proliferative assay.

DISCUSSION

We analysed the TH function of 47 newly diagnosed untreated
patients with HD and of 34 healthy controls by antigen and
mitogen-stimulated IL-2 production and proliferation. Intact
IL-2 production in response to FLU, ALLO and PHA was
observed in all of the controls (100%). A complex pattern of TH
dysfunction was observed in the HD patients such that only 40%
produced IL-2 in response to FLU, ALLO and PHA; 26% were
incapable of generating IL-2 in response to the recall antigen
FLU, but responded to ALLO and PHA; 19% responded to
PHA only, and 15% could not generate IL-2 in response to
either FLU, ALLO or PHA. As has been the case in analysis of
TH function in HIV infection [11], the IL-2 assay was more

sensitive than the proliferative assay, as the latter was able to
detect a defect in only recall antigen-specific TH function, and
for only 14/47 (30%) HD patients. The mechanism(s) responsible
for the alteration in TH function of HD patients is not known,
but could involve immunoregulatory cytokines as was reported
for HIV* individuals (see below). Soluble inhibitory factors
(SIF), partially identifiable as soluble IL-2 receptors (sIL-2R),
have been demonstrated in the sera of HD patients [19-22]; sIL-
2R have also been shown to be present in the culture supernatants
of activated PBMC from HD patients [23]. We were unable to
detect a defect in APC function in the HD patients by using
their PBMC as allostimulators in a mixed lymphocyte reaction
in which the responding T cells were from healthy control
donors.

Other studies have reported defects in cell mediated immun-
ity, and that in vitro antigen- and mitogen-stimulated IL-2
production may be impaired in HD [1-9]. In the present study,
we make the novel observation of the presence of multiple,
complex TH defects in HD, and their association with impaired
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haematological and histopathological parameters. Thus, HD
patients with the most impaired TH function (—/—/+ and —/—/
—) tend to present with the more severe forms of HD (stage I1I
or 1V, bulky mediastinal involvement, lymphocyte depletion
histology, B type symptoms). These same patterns of TH
dysfunctional patients are also statistically correlated with the
presence of compromised haematological parameters at presen-
tation.

Using a similar approach, in which we analysed in wvitro
antigen- and mitogen-stimulated IL-2 production, we reported
a similar pattern of TH dysfunction in asymptomatic, HIV +
individuals. In these individuals, we detected a sequential and
progressive loss in TH function in the direction +/+/+ to —/+/
+ to —/—/+ and finally to —/—/— that was predictive of clinically
relevant AIDS-related events. For example, the extent of TH
dysfunction is predictive of the reduction in the number of
CD4* lymphocytes [15] and progression to AIDS [16]. In
paediatric AIDS, the severity of TH functional defects is statisti-
cally correlated with augmented incidence of recurrent bacterial
and opportunistic infections [24]. Thus, we have been able to
stage HIV+ symptomatic individuals by TH immune dysfunc-
tion. We have recently correlated such TH dysfunction with a
change from type-1 immunoregulatory cytokines profile (high
IL-2 and IFN-y with low I1.-4 and IL-10 production) to a
predominant type-2 profile (low IL-2 and IFN-y with high IL-4
and IL-10 production) [11, 25, 26]. From this perspective, it
may be mechanistically relevant that: (1) AIDS-related malig-
nancies, such as Kaposi sarcoma [27-30], non-Hodgkin’s lym-
phoma [31-34] and cervical carcinoma [35-37], are diagnosed
in more than 40% of HIV-infected individuals (reviewed in
[38, 39]); and (2) increases in constitutive type-2 cytokines, such
as IL-6 and IL-10, that downregulate T cell proliferation and
antigen-stimulated I1.-2 production, are seen in these patients
{40-43]. Thus, it is possible that a switch from a type-1 to a type-
2 cytokine profile occurs in HD, and that progression in the
disease will be reflected by the extent of TH immune dysregul-
ation detected by type-1 versus type-2 cytokine analysis. Taken
together, the findings of the present study suggest a potential
value for including the analysis of TH function in the initial
staging of HD. All of the 47 HD patients in this study are
currently enrolled in a follow-up study to determine: (a) whether
chemoradiotherapy will result in changes in the IL-2 production
profiles, for example from —/—/+ to —/+/+ or +/+/+, as was
observed in AIDS patients receiving zidovudine or dideoxynos-
ine [24,44]; and (b) whethera —/—/+ ora —/—/— pattern of TH
dysfunction will be predictive for recurrence of the tumour.

Finally, the differences in TH function that we detected
in these patients may have mechanistic implications for the
preferential role of the immune system in surveillance against
cancer. Individuals with other types of malignancies should be
tested for possible changes in their type-1/type-2 immunoregula-
tory cytokine profile.
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A Randomised Study of Cisplatin Versus Thiotepa
as Induction Chemotherapy in Advanced Ovarian
Carcinoma

A. Dgrum, G.B. Kristensen and C. Tropé

Between 1980 and 1984, a total of 171 patients with advanced epithelial ovarian carcinoma and residual tumour
after surgery were randomly assigned to treatment groups receiving either cisplatin or thiotepa. The objective of
the study was to evaluate the regimes with regard to response and survival. The two groups were well balanced
with respect to age, FIGO stage, histology, grade and residual tumour after surgery. In the cisplatin group, 66%
responsed to treatment compared to 38% in the thiotepa group (P < 0.00005). The median progression-free
survival was 10.5 months and 6.3 months, respectively. The corrected survival was somewhat, but non-
significantly, higher in the cisplatin group than in the thiotepa group, with an 8-year corrected survival of 10.6 and
7.4%, respectively. In a multivariate analysis, based on progression-free survival with FIGO stage, residual
tumour after surgery, histological type and grade as covariables, treatment with thiotepa had a relative risk of 1.64
compared to cisplatin (95% confidence interval 1.17-2.30, P = 0.004).
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INTRODUCTION
SINCE CISPLATIN was introduced as single-agent treatment in
patients with advanced epithelial ovarian cancer, several studies
[1] have demonstrated improved survival using this drug. Later,
there were high expectations for combination chemotherapy,

that is cisplatin with doxorubicin, hexamethylmelamine, cyclo-
phosphamide and various other cytostatics, but results on pro-
longed long-term survival were disappointing [2-4]. Some have
argued that single-agent cisplatin is as effective as platinum-
based combinations when it comes to overall survival, and the



