
Abstract. This pilot study analyzed the efficacy and toxicity of
high-dose chemotherapy (HDCT), autologous stem-cell
transplantation (ASCT) and subsequent immunotherapy with
T-cell reinfusion and trifunctional antibodies (trAbs) in
chemotherapy-sensitive patients with metastatic breast cancer
(MBC). Patients and ªethods: After leukapheresis and
cryopreservation of T-cells, patients received 2 cycles of
induction chemotherapy ET (epirubicin/paclitaxel) and 1 cycle
of EI (epirubicin/ifosfamide), followed by G-CSF and stem-cell
harvest. After a final cycle of ET, responders (CR/PR)
underwent HDCT (thiotepa 600 mg/m2/melphalan 140-180
mg/m2) and ASCT. Once reconstitution was achieved, T-cells
were reinfused, followed by application of trifunctional
antibodies with specificities anti-EpCAM X anti-CD3 and anti-
Her2/neu X anti-CD3. Results: Thirty-three patients were
recruited into the study and 19, who had responded to initial
chemotherapy, underwent HDCT and ASCT (4 CR, 15 PR,
OR=57.6%; 95%CI: 40-75%) . Two early deaths were observed
(1 toxic, 1 early progression). T-cell reinfusion and trAbs were
given to 17 patients. TrAbs treatment resulted in intermittent
fever, chills and elevated liver enzymes, which were seen in all
patients. The median overall survival was 27.7 months (range:
5.9-82.6+). Patients who received 3 trAbs doses showed a trend
towards an improved overall survival (47.2 vs. 22.4 months,
p=0.08 log rank). Conclusion: This pilot study has shown the

feasibility of combining HDCT with immunotherapy in MBC.
Further investigation of this approach is indicated.

High-dose chemotherapy (HDCT) in high-risk and

metastatic breast cancer has been widely applied and is the

most common indication for autotransplantation. HDCT

with autologous stem-cell reinfusion is able to increase the

rates of objective responses and event-free survival may be

prolonged as compared to conventional treatment (1-9).

The overall survival may not be prolonged. In a

randomized trial comparing conventional chemotherapy

and a single course of HDCT, Stadtmauer et al. found

comparable results of progression-free survival and overall

survival (10). They concluded that the routine practice of

conventional chemotherapy followed by a single course of

HDCT cannot be recommended for women with metastatic

breast cancer (MBC) (10).

In this study, we investigated the use of immune

reconstitution and activation of previously harvested

autologous T-cells against the tumor cells. T-cells were

collected prior to chemotherapy and the preparations were

purged of tumor cells using immunomagnetic beads.

Patients with MBC were treated with 2 cycles of

conventional chemotherapy. After the third cycle, stem-cells

were mobilized with G-CSF and collected from peripheral

blood. Patients responding to chemotherapy were given

HDCT and autologous stem-cell transplantation (ASCT).

After hematopoietic reconstitution, T-cells were reinfused

followed by the treatment with trifunctional antibodies

(trAbs) for activation of T-cells versus tumor cells.

Patients and Methods

Patient selection. Thirty-three patients with MBC were recruited

between June 1996 and May 1999 on a treatment protocol

approved by the local ethics committee. All patients gave written

informed consent.
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The patients were required to have histologically-proven MBC

with immunohistochemically (IHC)-proven tumor-associated

antigens EpCAM and/or HER-2/neu; bidimensionally measurable

disease; an ECOG performance status of 0 to 2; age between 18

and 60 years; and an anticipated survival of >12 weeks. Patients

were not allowed to have any chemotherapy for metastatic disease

before, but hormonal or radiotherapy were acceptable. In

addition, cardiac, hepatic, renal and hematological function had

to be adequate (neutrophil count ≥2.0x109/l; platelets ≥100x109/l;

hemoglobin ≥8 g/dl; bilirubin <2 mg/dl, ALT and AST (alanine

aminotransferase, aspartate aminotransferase) <2 x upper limit

of normal; alkaline phosphatase ≥2.5 x upper limit of normal.

Exclusion criteria were isolated skeletal metastases, brain

metastases, a history of a second malignancy other than resected

basal cell and/or squamous cell carcinoma of the skin, chronic

heart failure (NYHA III/IV, LVEF <30%), pregnancy, acute

infections (including HIV and hepatitis) and any other

unacceptable risks for HDCT.

Treatment regimen. The treatment algorithm including the numbers

of patients is presented in Figure 1.

T-cell apheresis. After inclusion into the study, all patients

underwent T-cell apheresis (KobeSpectraì). The number of CD4,

CD8 and NK-cells was determined by analysis on a FACScan. To

detect tumor cell contamination, an immunocytochemical assay for

cytokeratin expression was performed prior to the purging

procedure and after purging the apheresis products (CK 8 and 18).

Generally, all harvests were processed with a procedure employed

for ex vivo purging of peripheral blood progenitor cell harvests

using the MaxSep Systemì including a cocktail of 3 murine anti-

human breast cancer antibodies (42 kD 9189, 55 kD 8187, 200 kD

9148; Baxter Immunotherapy, Unterschleissheim, Germany) and

immunomagnetic beads (Dynabeads). Apheresis products were

then cryopreserved.

Induction chemotherapy and stem-cell mobilization chemotherapy.
Patients received 2 cycles of ET (epirubicin 60 mg/m2 d1,

paclitaxel 175 mg/m2 d1, q3w). Premedication with

dexamethasone (20 mg p.o. 12 and 6 h prior to paclitaxel),

dimetinden (4 mg) and clemastin (2 mg) was administered

routinely. After reconstitution of blood counts, a third

chemotherapy cycle of epirubicin (60 mg/m2 d1) and ifosfamide

(2.5 g/m2 d1 + 2 given as 18-h infusion) was administered with

supportive therapy consisting of uromitexan (2.5 g/m2 as CI d1 +

2), urine alkalinization and G-CSF (300 Ìg s.c. daily) beginning

on day + 4 until a WBC of 5x109/l was reached. The number of

CD34+ cells was evaluated by immunophenotypic determination

using directly conjugated monoclonal antibodies and analysis on a

FACScan. Leukapheresis was performed on a KobeSpectraì on

2 to 3 consecutive days in case of CD34+ cells reaching a level of

>20/Ìl. Generally, all harvests were purged as described above

and were then cryopreserved.

Another cycle of ET, as described above, was given thereafter.

Standard evaluation by history, physical examination and routine

laboratory tests (including complete blood cells count, chemistry

profile and electrolytes determination) was performed before each

treatment cycle. In the case of myelosuppression (leukocyte count

≤3x109/L, platelet count ≤300x109/L) on the day of planned

treatment, further drug administration was postponed for 1 week

until bone marrow recovery occurred.

Definition of tumor cell contamination of apheresis products. All

apheresis samples of a patient that contained one or more

immunocytochemically-positive cell in any harvest were considered

positive (CK8, CK18).

Response evaluation – decision for HDCT. For all patients, tumors

were measured by physical examination and imaging procedures

such as CT or MRI within 14 days of induction chemotherapy (4

cycles). Tumor response was assessed by standard WHO criteria.

The occurrence of pleural effusion was considered to be a sign

of progression if it could be substantiated by positive cytology.

Patients who achieved at least a partial response were recruited

for HDCT.

High-dose chemotherapy. The preparative regimen for ASCT

started on day 4 and consisted of three 1-hour infusions of thiotepa

with 2 hours rest between each dose (total dose 600 mg/m2). On

day 2 patients received three 1-hour infusions of melphalan with 2

hours rest between each dose (total dose 140-180 mg/m2). Stem-

cells were reinfused on day 0, approximately 48 hours after the

completion of chemotherapy and G-CSF (5 Ìg/kg BW) was
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Figure 1. Study algorithm and numbers of patients.



administered to stimulate hematopoietic recovery (until a WBC

count of 5x109/L).

Autologous T-cell reinfusion. T-cell apheresis products were

reinfused 2 weeks after hematopoietic reconstitution (WBC

>5x109/L and platelet count >50x109/L).

Trifunctional antibodies (trAbs). TrAbs were produced as previously

described (11). The intact hybrid antibodies consist of a rat IgG2b

chain that is specific for human CD3, and a mouse IgG2a chain

which targets either the tumor-associated antigen EpCAM or

HER-2/neu (Figure 2). TrAbs were planned to be administered in

3 escalating dose levels (20 Ìg, 40 Ìg and 80 Ìg) beginning 48 hours

after autologous T-cell reinfusion. Antibodies were solved in 50 ml

glucose 5% and were infused i.v. over 60 minutes. Premedication

with dimetinden (4 mg) and clemastin (2 mg) was given routinely.

The next dose level was administered after a 48-hour interval in the

absence of any acute severe adverse events.

Data collection. During induction chemotherapy drug

administration, performance status and toxicity or adverse events

were recorded after every cycle of chemotherapy. Two blood

counts per week were performed. During myeloablative HDCT and

the period of hematopoietic reconstitution, daily laboratory

controls (including complete blood cells count, chemistry profile

and electrolytes determination) were performed. Febrile

neutropenia was defined as fever (>/= 38ÆC) with grade 4

neutropenia requiring i.v. antibiotics and/or hospitalization, without

documented infection. Toxicity was graded according to the

National Cancer Institute Common Toxicity Criteria (12). Imaging

studies were performed after finishing the induction chemotherapy

and 4 and 12 weeks after the HDCT. The follow-up included

imaging studies and laboratory tests (including complete blood

cells count, chemistry profile and electrolytes) at 3-month intervals.

Survival and time-to-progression (TTP). Time-to-progression (TTP)

was determined by the interval between the initiation of induction

therapy and the first date that disease progression was objectively

documented. Overall survival was measured from the date of

treatment start (induction chemotherapy) to the date of death from

any cause. All patients were included for calculating TTP and

survival (intent-to-treat).

Follow-up. Analyses for evaluation of toxicity were performed prior

to each course of chemotherapy, prior to HDCT, and 3 months

thereafter. Follow-up analyses were performed every 3 months

within the first 2 years and every 6 months thereafter.

Statistical methods. The primary study end-point was the feasibility

and clinical tolerability of the bispecific trAbs. Secondary end-

points were the efficacy of the induction chemotherapy and of the

HDCT, overall and progression-free survival. The probability of

survival and time to progression were estimated by Kaplan-Meier

analysis, and confidence intervals for response rates were

calculated using methods for exact binominal confidence intervals

(13, 14). Significances were determined by the log rank test, using

the STATISTICA program system.

Results

The patient characteristics are shown in Table I.

T-cell apheresis. The number of CD4, CD8 and NK-cells in the

apheresis products was determined by analysis on a FACScan.

A median of 35.3x106 CD4, 19.7x106 CD8 and 14.4x106 NK-

cells were harvested (values per kg BW). The median recovery

after the purging procedure was 83% (range 66-100%).

Stem-cell apheresis. Leukapheresis was performed on 1 to 3

consecutive days (median 2). A median of 451x108 mono-

nuclear cells and 6.9x106 CD34+ cells were harvested

(values per kg BW). The median recovery after purging was

85% (range 54-100%).

Tumor cell contamination of apheresis products. All

apheresis products were analyzed by IHC methods

(antigens CK8 and 18). According to the above-mentioned

definition, 21% (7 out of 33 patients) of the apheresis

products were found to be contaminated with cytokeratin-

positive cells. After the purging procedure, none of the

apheresis products were found to be contaminated with

cytokeratin-positive cells.

Toxicity of HDCT. A summary of the observed toxicities is

shown in Table II. Grade 3/4 myelosuppression occurred in

100% of the patients. Severe neutropenia was the cause of a

fatal sepsis in 1 patient (5.3%; 95%CI: 6-16%).

Hematopoietic recovery. The median time to hematopoietic

reconstitution was 10 days for white blood count (>1x109/L)

and 8 days for platelet count (>20x109/L) (Table II).
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Figure 2. Trifunctional antibody: simultaneous activation of T-cells (via
anti-CD3 arm) and accessory cells (via intact Fc region) at the tumor cell.



Tolerability of trifunctional antibodies. The full planned dose

of trAbs (3 trAb doses) was administered to 9 out of 17

patients. A detailed toxicity profile according to the

administered antibody doses is presented in Table III. The

most common side-effects were fever and chills (first-dose-

cytokine-syndrome) easing off in less than 24 hours.

Hematotoxicity included leukocytopenia (median WBC

nadir: 2.1x109/L) and thrombocytopenia (median platelet

nadir: 89x109/L). Hepatotoxicity with elevated liver enzymes

and hyperbilirubinemia was observed in all patients. The

maximum level of elevated liver enzymes was observed

between days 5 to 14 after the application (AST median

97.0 U/l on days 9-10; ALT median 130.0 U/l on days 5-6;

AP median 532.0 U/l on days 13-14). Here, the data suggest

a correlation between the remaining tumor burden,

especially from liver metastasis, and the extent of side-

effects. Except one patient in the group who received 3

complete antibody doses (20-40-80 Ìg), all presented with

residual tumor burden (2 with liver involvement). All

patients reconstituted completely within 4 weeks. One

patient suffered from a systemic inflammatory response

syndrome (SIRS) but reconstituted.

Response evaluation. By intent-to-treat, we observed 4 CR

(12.1%), 15 PR (45.5%) and 14 non-responders (42.4%;
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Table I. Patient characteristics (n=33).

Characteristic [n] [%]

No. of patients 33

Age (years)

Median 43.5

Range 27-54

WHO performance status

Median 1

Range 0-2

Measurable disease sites 

(including combinations)

Lung 10 30.3

Liver 18 54.5

Lymph nodes 13 39.4

Skin 4 12.1

Skeletal 16 48.5

Number of disease sites per patient

1 13

2 12

≥3 8

Adjuvant chemotherapy 

(including combinations) 14

CMF 12

Anthracyclines 6

Adjuvant endocrine therapy 16

Receptor status

ER-positive 14 42.4

PR-positive 12 36.4

EpCAM expression (IHC) 33 100

Her2/neu expression (IHC) 13 

(20 pts. tested)

Pre-/postmenopausal 18/15 54.5/45.5

Table II. Toxicity profile of high-dose chemotherapy.

Toxicity grade III/IV

n %

Patients 19

Leukopenia 19 100

Thrombopenia 19 100

Alopecia 19 100

Febrile neutropenia 16 84.2

Mucositis 15 78.9

Neutropenia-related death 1 5.3

Time to WBC > 1x109/L [days]Æ 10 (7-17)

Time to platelets > 20x109/L [days]Æ 8 (6-17)

Æmedian and range

Table III. Toxicity profile of trifunctional antibodies (n=17).

all Pts. with Occurence 

liver of toxicities

metastases

Trifunctional antibody dose [n] [n] all Grade 3/4

No dose 1 1

1 dose level (20 Ìg) 2 2

Fever 2 -

Chills 1 -

Hepatotoxicity 2 1

Hematotoxicity 2 2

Rash 1 -

Other 1 (pulmonary -

infiltrate)

2 dose levels (20 - 40 Ìg) 5 3

Fever 5 1

Chills 5 -

Hepatotoxicity 5 3

Hematotoxicity 5 2

Rash 1 -

Other 1 (SIRS) 1 (SIRS)

3 dose levels (20 - 40 - 80 Ìg) 9 1

Fever 7 2

Chills 3 -

Hepatotoxicity 8 7

Hematotoxicity 8 3

Rash 3 -

Other - -



including 3 patients who were not evaluable after

induction chemotherapy), yielding an overall response rate

of 57.6% (95%CI: 40-75%). Nineteen patients, who had

responded to initial chemotherapy, were recruited for

HDCT and ASCT. After HDCT, we observed 6 patients

who converted from PR to CR [10 CR (52.6%) and 7 PR

(36.8%)]. The response to induction and HDCT is

presented in Table IV.

Survival and time-to-progression. After a follow-up period of

54.7 to 82.6 months, all patients relapsed and 3 patients are

still alive. The median survival of patients treated with

HDCT and immunotherapy was 27.7 months (range: 5.9 -

82.6). Analysing the survival in high-dose-treated patients

according to the extent of the response to induction

chemotherapy (CR vs. PR), we observed a significantly

longer survival of patients who had achieved complete

response to induction chemotherapy compared to patients

who had a partial response (53.2 vs. 26.1 months; p=0.019

log rank). The median time-to-progression was significantly

longer in patients treated with HDCT, ASCT and

immunotherapy, compared to those patients who had not

responded to initial chemotherapy (13.8 vs. 3.0 months,

p=0.03 log rank). Within the high-dose-treated group, there

were no significant differences in the progression-free

survival when analyzed according to the extent of response

to induction chemotherapy (CR vs. PR). However, TTP was

significantly longer in patients who achieved a complete

response after HDCT compared to partial responders (19.3

vs. 10.6 months; p=0.01 log rank). Furthermore, patients

who received the full planned trAb dose (3 doses) showed a

trend towards an improved median progression-free and

overall survival compared to patients who received 2 trAb

doses or less (TTP 21.9 vs. 14.7 months, p=0.07 log rank;

overall survival 47.2 vs. 22.4 months, p=0.08 log rank)

(Figure 3). A summary of TTP and survival data is

presented in Table V.

Discussion

HDCT with ASCT is able to increase the rate of objective

responses, but the influence on overall survival in

randomized trials seems to be limited (2, 5-7, 9, 10, 15, 16).

Stadtmauer and colleagues concluded that the routine

practice of conventional chemotherapy followed by a single

course of HDCT and ASCT cannot be recommended for

women with MBC (10). Tandem and triple HDCT have also

been performed with moderate toxicity (17, 18). However,

there are several explanations why HDCT and ASCT may

not lead to cure in MBC: i). Conditioning treatment may not

be optimal. ii). The therapeutic index between toxicity to

hematopoietic stem-cells and tumor cells may not be

sufficient. iii). Chemotherapy could be immunosuppressive
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Table IV. Response analysis of the whole study population (n=33; intent-to-treat) and response analysis in the subgroup of responders to induction
chemotherapy (n=19; intent-to-treat).

CR PR NR Not evaluable OR

n % % % % % 95% CI

Response to induction CT 33 12.1 45.5 33.3 9.1 57.6 40-75

(all patients – intent-to-treat)

Subgroup of HDCT + ASCT ptsa 19 52.6 36.8 5.3b 5.3c 89.5 74-100

aPercentage values are calculated relative to size of subgroup
bearly progressive
ctoxic death

Figure 3. Overall survival of patients who received the full planned trAb
dose (3 doses) (dashed line) vs. patients who received 2 trAb doses or less
(solid line).



ablating residual immunity that may be necessary to

maintain remission. Many authors, therefore, ask for a

challenge in the treatment schedules including incorporation

of newer chemotherapeutic agents, multiple cycles of dose-

intensive therapy, purging of contaminating tumor cells in

the autograft, posttransplant immunotherapeutic approaches

and gene-therapeutic strategies to allow further

posttransplant maintenance therapy (2, 5, 7-10, 15, 19-22).

In this study, we concentrated on the inclusion of

immunotherapy into the HDCT and ASCT approach. We

collected autologous T-cells containing PBMC prior to

chemotherapy and reinfused those cells together with

bispecific trAbs in order to redirect T-cells and FcÁ

receptor-positive cells towards the tumor. This approach is

based on the finding that transient T-cell immunodeficiency

is a common complication following hematopoietic stem-

cell transplantation (23-25). The rescue of T-cell function

by autologous T-cells was expected to be beneficial for

immunotherapeutic approaches (23-25). Furthermore,

there is evidence that T-cell deficiency affects the clinical

outcome (26).

Immunotherapy with non-specific activation of T-cells

(LAK-cells, Interleukin-2, BCG) has shown some effects in

various tumors (27-30). Our approach involves trAbs which

target tumor-associated antigens (EpCAM and/or

Her2/neu) and CD3 on T-cells. It promises a highly effective

elimination of tumor cells by the simultaneous activation of

accessory cells such as monocytes, macrophages, dendritic

cells and natural killer cells via the intact Fc-part and its

binding to FcÁ-receptors of types I and III (27-30). This

way, tumor cells are not only destroyed and removed by

phagocytosis leading to a new presentation of tumor

material, but T-cells may also be activated specifically

against the tumor. This process could be initiated by

antigen-presenting cells involved in the postulated tri-cell

complex (Figure 2), which may induce subsequently specific

T-cell immunity, as already demonstrated in two

immunocompetent mouse tumor models (27, 31).

The application of trAbs following T-cell reinfusion in our

trial was accompanied by fever and chills in all patients and

an increase of liver enzymes in most patients. All symptoms

were completly reversible and all patients reconstituted,

including one patient who suffered from SIRS (systemic

inflammatory response syndrome) at the second dose (40 Ìg)

of the anti-EpCAM x anti-CD3 trAb. The marked

hepatotoxicity with elevated liver enzymes and elevated

bilirubin serum levels corresponds to the knowledge that

EpCAM is normally expressed on the bile duct epithelium.

There was the impression that the toxicity of the antibody

treatment correlated with tumor burden. Patients with bulky

liver disease suffered from increased liver toxicity.

The primary end-point of the present study was

conducted to evaluate the toxicity and feasibility of trAbs in

the context of HDCT, ASCT and T-cell rescue. We can

conclude that the application of these trAbs is feasible.

Time to progression and overall survival were secondary

endpoints of the study. Both TTP (median: 13.8 months)

and survival (median: 27.7 months) are in a range reported

by Stadtmauer et al. (10). Nevertheless, survival times in

such a small study should be interpreted with caution,

although we have to take one point into consideration.

Thirteen out of 19 patients who were treated with HDCT

in this study had HER-2/neu-overexpressing tumors.

Previous investigations have demonstrated that this

subgroup of patients have a poor prognosis after HDCT,

although this was not consistently reproduced (32-36). In

our study, we observed survival of more than 5 years in 4

patients (3 of those patients achieved a complete response

after HDCT). Three of them are still alive, but all have

relapsed (59.2+, 61.4, 70.0+ and 82.6+ months). This

unexpected long-term survival indicates the potential

prolongation of life by immunotherapy, since patients who
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Table V. Summary of overall and progression-free survival according to
response and treatment strategies.

Median  Median 

time to overall 

progression survival

n=33 n [months] p [months] p

all pts

(30 pts evaluable)

Non-responder to induction CT 11 3.0 9.5

Responder to induction CT 19 13.8 0.03 27.7 0.028

Pts with CR to induction CT 4 17.9 53.2

Pts with PR to induction CT 15 13.5 0.29 26.1 0.019

Subgroup of HDCT + 

ASCT + trAbs pts

(17 pts evaluable: 1 early 

progressive; 1 toxic death)

Pts with CR to HDCT 10 19.3 23.1

Pts with PR to HDCT 7 10.5 0.01 27.1 0.44

Pts who received full 

planned trAb dose 9 21.9 47.2

Pts who received ≤2 trAb 

doses (0 dose n=1) 8 14.7 0.07 22.4 0.08

Abbreviations: CR, complete response; PR, partial response; HDCT,

high-dose chemotherapy; ASCT, autologous stem-cell transplantion;

trAbs, trifunctional bispecific antibodies (p calculated by using the log

rank test).



received the complete trAb dose (3 doses) showed a trend

towards both an improved median progression-free and

overall survival (TTP 21.9 vs. 14.7 months, p=0.07 log rank;

overall survival 47.2 vs. 22.4 months, p=0.08 log rank). This

has been observed in hemotological malignancies such as

lymphoma, myeloma and AML as well (37-40). Moreover,

the residual tumor burden at the time of transplantation

may be of paramount importance.

Although the sample size of this study was insufficient to

draw any conclusions regarding efficacy, further investigation

in this field should restrict the strategy of HDCT, ASCT and

immunotherapy to patients with minimal residual disease,

including maintenance therapy with monoclonal and trAbs,

as well as biological modifiers.
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