
Enhanced Detection of Breast Cancer Cells 

Following CD34+ Cell Selection 

Combined With Tumor Cell Purging

Amy A. Ross, Ginny Ofstein, Tamika Segura, 
Vu To, Peggie Mitsky, Bonnie Mills

Nexell Therapeutics Inc., Irvine, California

ABSTRACT

Numerous studies have documented the presence of contaminating tumor cells
in autologous stem cell grafts (autoSCGs) from breast cancer patients. It is
presently unclear if the infusion of tumor cells in autoSCGs contributes to
posttransplant relapse. Two studies using standard immunocytochemical (ICC)
assays found no correlation with tumor cell contamination of autoSCG and
posttransplant relapse in patients with metastatic disease. However, recent reports
on high-risk breast cancer patients (>9 positive nodes) concluded that the infusion
of tumor-contaminated autoSCGs was significantly correlated with relapse and
disease-free survival at median follow-up of 42 and 21 months. Thus, infusion of
tumor-contaminated autoSCGs may be associated with an increased risk of relapse
in this patient population. Nexell Therapeutics is currently investigating tumor
depletion of peripheral blood stem cells (PBSCs) in high-risk/metastatic breast
cancer patients by CD34+ selection (Isolex 300i Magnetic Cell Selection System,
version 1.12, for positive selection) and by CD34+ selection followed by additional
tumor purging (Isolex 300i system, version 2.0, with investigational software for
positive/negative selection). Peripheral blood stem cell apheresis collections (not
for infusion) were shipped to Nexell for cell selection (positive or positive/negative)
and analysis of tumor contamination. To document tumor cell presence and
evaluate removal, we developed a bead-enriched, double-immunostaining ICC
(dsICC) assay that is capable of detecting 1 tumor cell in 50 million hematopoietic
cells in PBSCs. Use of the dsICC assay allowed us to detect the presence or
absence of purging antibodies on cytokeratin-positive tumor cells. Validation
studies indicate that the dsICC procedure provides improved tumor detection
capabilities over standard immunocytochemical assays. We analyzed the
preselected apheresis product, CD34– (waste), and CD34+ fractions from both
selection procedures using standard ICC. The CD34– and CD34+ fractions were
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processed and analyzed using the dsICC procedure. Preliminary results from
patient specimens enrolled in clinical trials (n = 10) confirm that the dsICC assay
is capable of enhanced detection of tumor contamination in CD34– and CD34+

fractions from both selection procedures.

INTRODUCTION

The clinical use of autologous stem cell transplantation (autoSCT) as a means
of hematopoietic reconstitution following high-dose chemotherapy (HDC) for the
treatment of breast cancer has heightened the concern about tumor contamination
of the autoSCG. Several studies have indicated that mobilization regimens used in
HDC/autoSCT can contribute to tumor contamination of PBSC collections.1–3

Although no study to date has demonstrated that infused tumor cells in contam-
inated autoSCG grafts are solely responsible for posttransplant relapse, the
presence of gene-marked, infused tumor cells at sites of disease relapse has been
documented in 3 malignancies.4–6

No comparable data exist using gene-marking techniques in breast cancer patients
treated with HDC/autoSCT. However, 2 studies using immunocytochemical
techniques to document tumor contamination of autoSCG found no correlation with
tumor cell infusion and posttransplant relapse.7,8 In contrast, others have reported that
tumor contamination of autologous grafts in breast cancer patients approaches or
achieves statistical significance in predicting poor posttransplant outcome.9–11 Two
recent studies using ICC and reverse transcriptase–polymerase chain reaction (RT-
PCR) assays reported significant correlation of tumor-contaminated autoSCGs with
posttransplant relapse and disease-free survival.12,13

As the above-mentioned studies illustrate, it is unclear if the infusion of tumor
cells contributes to posttransplant relapse in breast cancer patients treated with
HDC/autoSCT. However, tumor contamination of autoSCGs can be reduced or
eliminated by in vitro pharmacological methods,14,15 negative tumor depletion,16 or
positive progenitor cell selection.17–19 Whereas pharmacological methods have
been shown to adversely affect the hematopoietic reconstituting abilities of
hematopoietic progenitor cells, immunomagnetic cell selection methods have been
shown to be safe and effective for hematopoietic reconstitution in breast cancer
patients treated with HDC/autoSCT.17–19 Thus, positive selection for CD34+

hematopoietic progenitor cells provides effective tumor purging without compro-
mising hematopoietic reconstitution.

In a recent study of high-risk stage II/III and metastatic stage IV breast cancer
patients, Umiel et al.20 used an enriched ICC assay to document tumor purging in
CD34+-selected autologous PBSC grafts. This enhanced assay was capable of
increasing tumor cell detection sensitivity ~50-fold over their standard ICC assay.
Their preliminary findings on patient specimens indicated that tumor contami-
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nation of the grafts may be substantially higher than previously reported.21–23

Further, Umiel et al. reported that CD34+ selection using the Isolex 300i Magnetic
Cell Selection System reduced tumor cell contamination from 8 of 31 (26%) to 5
of 31 (16%) in paired PBSC specimens. However, tumor cell contamination was
still present in some CD34+-selected specimens. In such instances, additional
tumor purging may be accomplished by adding a negative tumor depletion step
during CD34+ cell selection with the Isolex 300i system.24,25

The purpose of this study was to evaluate the potential additional tumor purging
capability of the Isolex 300i positive/negative procedure in breast cancer patient
PBSC specimens. To assess tumor cell contamination, we developed a unique
bead-enriched, double-staining immunocytochemical assay. This assay was used to
compare tumor contamination of unmanipulated PBSCs, CD34– (waste), and
CD34+ fractions from breast cancer patient PBSC specimens processed with the
Isolex 300i CD34 positive or positive/negative procedures.

MATERIALS AND METHODS

Tumor Cell Enrichment Procedure: Validation Experiments

Tumor cell seeding experiments were performed to validate the dsICC
procedure (Figure 1). This procedure was modified from that originally developed
by Brockmeyer et al.24 Briefly, CAMA-1 cells (ATCC, Manassas, VA), a breast
cancer tumor cell line maintained in culture, were added to mononuclear cells
(MNCs) obtained from a normal donor. The percent of CAMA-1 cells seeded into
the MNCs ranged from 0.0001% (1:1.0�106) to 0.000002% (1:5.0�107).
Unseeded MNC specimens were used as the negative control. Two separate
aliquots of MNCs were used for the dsICC procedure at each seeding level of
CAMA-1 cells, one containing 2.0�109 cells and the other containing 1.0�108

cells, to approximate the expected number of cells in the CD34-negative and
-positive fractions, respectively, obtained from breast cancer patient leukapheresis
products. Cell suspensions were incubated separately with Immune Globulin
Intravenous (Gammagard; Baxter Healthcare, Hyland Division, Glendale, CA) at
room temperature for 15 minutes. The cells were then incubated with a cocktail of
3 murine anti-human breast cancer antibodies (9184, 9187, and 9189; Nexell
Therapeutics, Irvine, CA) at a concentration of 2.5 µg/mL each for 30 minutes,
rotating to mix. The cells were washed twice with buffer to remove unbound
antibody. Sheep anti-mouse (SAM)-coated paramagnetic beads (Dynabeads
M-450, sheep anti-mouse immunoglobulin G; Dynal ASA, Oslo, Norway) were
added at a ratio of 1 bead per 100 cells and incubated with the cells for 30 minutes
to capture the tumor cells. While holding the tube against a magnet, unbound cells
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Figure 1. Tumor enrichment procedure. ICC, immunocytochemical; PBSC, peripheral
blood stem cell; SAM, sheep anti-mouse.
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were aspirated. The tumor cell–bead rosettes from each fraction were resuspended
in buffer, centrifuged onto positively charged slides, and stained using the Nexell
Cytonex ICC kit, in conjunction with the double-staining method described below.

Tumor Cell Detection: Double-Staining of Tumor Cell–Bead Rosettes

Twelve slides were prepared using tumor cell–bead rosettes obtained from all
CAMA-1 cell MNC samples. Slides were stained using a double-staining method
for dual detection of cytoplasmic cytokeratin antibodies and the membrane-bound
breast cancer antibody cocktail (BCAC). Briefly, immunoperoxidase staining with
3,3-diaminobenzidine (DAB) was initially performed to develop a brown color
reaction to the BCAC on the cell surface. Immunoalkaline phosphatase staining
was subsequently performed on the cytospin preparation with the Cytonex ICC kit
according to manufacturer’s instructions.

Patient Specimens

PBSCs were obtained by leukapheresis from female patients with high-risk
(stage II with >10 positive nodes, stage III) or metastatic (stage IV) adenocar-
cinoma of the breast. Patients were assigned a Nexell patient study number and
randomization assignment for either CD34 positive cell selection or CD34
positive/negative cell selection. All patients rendered their informed written
consent under a US Food and Drug Administration (FDA)/institutional review
board (IRB)–approved protocol. Patients were mobilized with either granulocyte
colony-stimulating factor (G-CSF) alone (10 µg/kg per day) or G-CSF in
combination with chemotherapy (cyclophosphamide 4 g/m2 followed by G-CSF
5 µg/kg per day). Patients began apheresis collections when the mobilization
regimen was deemed successful (>20 CD34 cells/µL peripheral blood). When
sufficient cells for all clinical target collections (including an unselected back-up)
had been obtained (>2.0�106 CD34 cells/kg), an additional leukapheresis product
was collected for this laboratory study. No cells from the additional leukapheresis
product collected for this laboratory study were infused into patients.

Processing of Specimens: Cell Selection

Patient PBSC collections were processed using the Isolex 300i Magnetic Cell
Selection System (Nexell Therapeutics), either CD34 positive selection (version
1.12) or CD34 positive/negative selection (version 2.0 with investigational
software), depending on the randomization assignment. The Isolex 300i for
positive selection consists of a device, disposable set, and reagents that are
designed, through a serious of automated steps, to select CD34+ cells from PBSCs.
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Briefly, the procedure (Figure 2) involves a platelet wash, followed by anti-CD34
antibody sensitization and antibody wash. Sensitized cells are next incubated with
SAM-coated paramagnetic beads, which bind to the murine CD34 antibody on the
cell. Cell rosettes are washed to remove nontarget cells (negative fraction), which
are diverted into a separate bag. A nonenzymatic stem cell releasing agent (PR34+)
is used to separate the targeted CD34+ cells from the paramagnetic beads. The
released CD34+ cells are collected in a separate sterile bag. The Isolex 300i for
positive/negative selection consists of all the components and steps described
above plus 2 additional steps (Figure 1): (1) purging of breast tumor cells with the

Figure 2. Isolex 300i magnetic cell selection procedures. mAb, monoclonal antibody;
SAM, sheep anti-mouse.
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use of 3 murine anti–breast cancer monoclonal antibodies (9184, 9187, and 9189;
Nexell Therapeutics) and (2) the introduction of a second vial of SAM-coated
paramagnetic beads just before the PR34+ release step. This procedure allows for
the simultaneous capture of CD34+ cells and purging of breast cancer cells.25

Tumor Cell Detection: Standard Immunocytochemical Assay

Aliquots from the preselection leukapheresis product, CD34+ and CD34– fractions,
were used for the preparation of cytospins onto positively charged microscope slides.
One million cells were deposited on each slide in a volume of 0.1 mL. Six slides were
prepared per fraction, for a total of 6 million cells per specimen. Slides were immunos-
tained using the cocktail of anti-cytokeratin monoclonal antibodies in an immunoal-
kaline phosphatase assay (Cytonex ImmunoCytoChemistry Kit; Nexell Therapeutics)
according to manufacturer’s instructions.

Tumor Cell Enrichment Procedure: Patient Specimens

Subsequent to the Isolex 300i cell selection process, the tumor cell enrichment
procedure (Figure 2) was performed using 2.0�109 cells of the CD34– fraction and
the entire CD34+ fraction as described in the tumor cell enrichment procedure
validation experiments described above. Twelve slides were prepared using tumor
cell–bead rosettes obtained from each CD34 cell fraction. Slides were stained using
the double-staining method described above and viewed with a standard light
microscope. Tumor cells were manually enumerated to obtain a semiquantitative
result. A mean of 7 slides (range, 2 to 11 slides) were stained and enumerated per
fraction for all patient samples.

RESULTS

dsICC Validation Experiments

Results of the validation experiments in which CAMA-1 cells were seeded at
varying ranges into MNCs indicated that recovery of the CAMA-1 cells ranged
from a low of 11% (seeding level of 0.000002% in 2.0�109 MNCs) to a high of
60% (seeding level of 0.000002% in 1.0�108 MNCs). Percent tumor cell recovery
was a function of the number of tumor cells seeded and the number of MNCs
processed. No stained cells were detected in the unseeded MNC samples. In
a series of 4 replicate experiments at all cell-seeding concentrations, the upper
limit of detection sensitivity of the dsICC assay was 1 tumor cell in 5.0�107

MNCs. Thus, the dsICC assay increased tumor detection by 3 logs compared with
standard ICC.
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Patient Specimens

Ten patient PBSC products from phase 2/3 studies were analyzed (Table 1). Four
patient specimens were selected with the Isolex 300i using the CD34 positive
procedure, and 6 were processed using the CD34 positive/negative procedure, using
investigational software. Five patients in the study were diagnosed with stage II
breast cancer, 2 with stage III, and 3 with stage IV. Using the standard ICC assay, 1
of 10 PBSC specimens showed immunostained tumor cells. Six of the 10 CD34–

fractions were found to be positive for tumor cells as determined by standard ICC,
compared with 9 of 10 when using the dsICC (tumor cell counts ranged from 1 in
1.67�107 to 1 in 9.2�108 hematopoietic cells). None of the CD34+ fractions was
positive for immunostained tumor cells using the standard ICC assay, whereas tumor
was detected in 1 of 10 of the CD34+ specimens when the dsICC was used for
detection. This specimen was obtained from a patient with stage III disease whose
PBSC product was processed with the CD34 positive procedure.

Table 1. Tumor Detection Results in Phase 2/3 Patient Specimens*

Patient ID Standard ICC Results dsICC Results
(Selection) CD34– CD34+ CD34– CD34+

and Diagnosis PBSCs Fraction Fraction Fraction Fraction

33 (+/–) Negative Negative Negative Positive Negative
Stage II A (1 in 1.7�108)

34 (+/–) Negative Positive Negative Positive Negative
Stage II B (1 in 5.5�106)* (1 in 4.6�108)

36 (+/–) Negative Negative Negative Positive Negative
Stage II B (1 in 9.2�108)

37 (+/–) Negative Negative Negative Positive Negative
Stage II A (1 in 9.2�108)

302 (+) Negative Positive Negative Positive Positive 
Stage III (1 in 2.5�106) (1 in 2.5�108) (1 in 6.4�107)

304 (+) Negative Positive Negative Positive Negative
Stage II (1 in 2.5�106) (1 in 6.7�107)

306 (+/–) Positive Positive Negative Positive Negative
Stage IV (1 in 4.5�105) (1 in 2.5�106) (1 in 1.4 �108)

402 (+) Negative Positive Negative Positive Negative
Stage IV (1 in 3.0�106) (1 in 5.0�108)

404 (+/–) Negative Negative Negative Negative Negative
Stage III

405 (+) Negative Positive Negative Positive Negative
Stage IV (1 in 5.0�106) (1 in 8.3�108)

*Tumor frequency in parentheses. dsICC, double-immunostaining immunocytochemical;
ICC, immunocytochemical.
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DISCUSSION

Although the clinical relevance of infusion of breast cancer cells in the
HDC/autoSCT setting remains to be elucidated, the fact remains that many
autoSCGs contain contaminating tumor cells.1–3,7–16,20–23 Prospective studies
analyzing the clinical correlation of the infusion of tumor cells with outcome in the
breast cancer HDC/autoSCT setting have provided conflicting results. Using
standard ICC techniques, 2 studies showed no correlation of tumor contamination
of autoSCG with posttransplant outcome in stage IV patients8 or high-risk stage
II/III and metastatic stage IV patients.7 In contrast, Solano et al.13 recently used a
similar standard ICC assay to analyze PBSC collections from 52 high-risk stage II
patients (>9 positive axillary nodes). At median posttransplant follow-up of
42 months, median disease-free survival was better in the patients who received a
tumor-free graft than in those who received a tumor-contaminated graft (P=.002).
Multivariate analysis concluded that tumor contamination of the PBSC product
was the only prognostic predictor of posttransplant relapse (P<.01). Vannucchi et
al.12 used an RT-PCR assay with reported tumor detection sensitivity greater than
standard ICC techniques to analyze PBSC grafts from 33 stage II/III breast cancer
patients. They reported that there was a trend toward longer relapse-free survival
(P=.053) posttransplant in patients who received a tumor-negative graft. In a subset
of 4 patients with RT-PCR–positive PBSC specimens, the infused grafts became
RT-PCR–negative after CD34+ selection.

As illustrated above, highly sensitive assays that detect low numbers of tumor
cells are crucial in investigating the role that the infusion of tumor cells may play
in the HDC/autoSCT treatment setting. Several recent studies have employed
tumor-enrichment technology to increase the detection sensitivity of tumor cells in
breast cancer autoSCGs.20,24,26,27 Collectively, these studies have demonstrated that
tumor contamination of breast cancer PBSC collections is more prevalent than that
reported by studies using standard tumor detection techniques. Umiel et al.20 used
a tumor enrichment assay to evaluate PBSC specimens and CD34+-selected
specimens from breast cancer patients with high-risk stage II/III and metastatic
stage IV disease. Their results indicate that the tumor-enriched assay detected a
greater level of tumor contamination of PBSC specimens (86%) than did the
standard ICC assay (7%).

Taken together, these studies suggest that tumor contamination of autoSCGs is
more prevalent than previously appreciated, and that CD34+ cell selection
procedures alone may not remove all tumor cells from the grafts. Laboratory
experiments using tumor cell–seeded specimens have indicated that the inclusion
of an additional tumor-purging step to the existing CD34+ cell selection technology
increases the depletion of contaminating tumor cells.25,28 For these reasons, we are
conducting studies directly comparing the tumor-purging capability of the Isolex
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300i CD34 positive selection procedure versus the Isolex 300i positive/negative
(investigational software) procedure.

To more accurately analyze the levels of tumor contamination in these PBSC
specimens, we developed a novel double-staining ICC assay using tumor-enriched
cell samples. This dsICC assay demonstrated increased sensitivity of tumor cell
detection over our standard nonenriched ICC assay. In tumor cell–seeding
experiments, we were able to document a 3-log increase in tumor cell detection, up
to 1 tumor cell in 50 million PBSCs. Further, the double-immunostaining assay
allowed for simultaneous microscopic evaluation of the binding of breast cancer
purging antibodies on cytokeratin-positive cells. Thus, the combination of the
bead-enrichment methods with the dsICC assay provided enhanced detection and
microscopic visualization of extremely low numbers of seeded tumor cells in
PBSC specimens (1 in 5.0�107 hematopoietic cells).

Our preliminary analyses of 10 patient specimens indicate that the bead-enriched
dsICC assay provided enhanced detection of contaminating tumor cells. Eight of 10
PBSC patient specimens that were deemed to be tumor-negative using the standard
ICC assay proved to be tumor-positive with the dsICC assay of the CD34– fraction.
None of the 10 CD34+ fractions analyzed by standard ICC analysis showed
immunostained tumor cells; however, using the dsICC assay, 1 of the CD34+

fractions (processed with the CD34 positive selection protocol) from a patient with
stage III breast cancer showed double-immunostained tumor cells. These
preliminary data suggest that the dsICC assay is more sensitive than the standard
ICC assay in detecting low numbers of tumor cells in patient PBSC collections and,
potentially, in CD34+-selected fractions from patients with breast cancer.

In conclusion, there is concern that tumor contamination of breast cancer
autoSCGs may contribute to poor posttransplant clinical outcome. As novel
therapies evolve that result in additional in vivo tumoricidal effects (eg, Herceptin
therapy), and as HDC/autoSCT protocols are refined to target those patients who
might derive greater benefit,29 it is possible that the infusion of tumor cells may
take on added significance. Our preliminary studies indicate that tumor contami-
nation of PBSCs can be more accurately detected using our dsICC enhanced assay,
and that tumor cell removal of contaminated products is feasible using the
approved Isolex 300i CD34 positive selection procedure and the investigational
Isolex 300i CD34 positive/negative selection procedure. Clinical studies are
ongoing to address this issue.

REFERENCES

1. Brugger W, Bross KJ, Glatt M, Weber F, Mertelsmann R, Kanz L. Mobilization of tumor
cells and hematopoietic progenitor cells into peripheral blood of patients with solid
tumors. Blood 83:636–640, 1994.



650 Chapter 15: Tumor Cell Contamination

2. Passos-Coelho JL, Ross AA, et al. Absence of breast cancer cells in a single-day periph-
eral blood progenitor cell collection after priming with cyclophosphamide and granulo-
cyte-macrophage colony-stimulating factor. Blood 85:1138–1143, 1995.

3. Passos-Coelho JL, Ross AA, Kahn DJ, et al. Similar breast cancer cell contamination of
single-day peripheral-blood progenitor-cell collections obtained after priming with
hematopoietic growth factor alone or after cyclophosphamide followed by growth factor.
J Clin Oncol 14:2569–2575, 1996.

4. Brenner MK, Rill DR, Moen RC, et al. Gene-marking to trace origin of relapse after autol-
ogous bone-marrow transplantation. Lancet 341:85–86, 1993.

5. Deisseroth AB, Zu Z, Claxton D, et al. Genetic marking shows that Ph+ cells present in
autologous transplants of chronic myelogenous leukemia (CML) contribute to relapse after
autologous bone marrow in CML. Blood 83:3068–3076, 1994.

6. Rill DR, Santana VM, Roberts WM, et al. Direct demonstration that autologous bone mar-
row transplantation for solid tumors can return a multiplicity of tumorigenic cells. Blood
84:380–383, 1994.

7. Weaver CH, Moss T, Schwartzberg LS, et al. High-dose chemotherapy in patients with
breast cancer: evaluation of infusing peripheral blood stem cells containing occult tumor
cells. Bone Marrow Transplant 21:1117–1124, 1998.

8. Cooper BW, Moss TJ, Ross AA, Ybanez J, Lazarus HM. Occult tumor contamination
of hematopoietic stem-cell products does not affect clinical outcome of autologous
transplantation in patients with metastatic breast cancer. J Clin Oncol 16:3509–3517,
1998.

9. Fields KK, Elfenbein GJ, Trudeau WL, Perkins JB, Janssen WE, Moscinski LC. Clinical
significance of bone marrow metastases as detected using the polymerase chain reaction
in patients with breast cancer undergoing high-dose chemotherapy and autologous bone
marrow transplantation. J Clin Oncol 14:1868–1876, 1996.

10. Vredenburgh JJ, Silva O, Broadwater G, et al. The significance of tumor contamination
in the bone marrow from high-risk primary breast cancer patients treated with high-dose
chemotherapy and hematopoietic support. Biol Blood Marrow Transplant 3:91–97,
1997.

11. Brockstein BE, Ross AA, Moss TJ, Kahn DG, Hollingsworth K, Williams SF. Tumor cell
contamination of bone marrow harvests products: clinical consequences in a cohort of
advanced-stage breast cancer patients undergoing high-dose chemotherapy. J Hemato-
ther 5:605–616, 1996.

12. Vannucchi AM, Bosi A, Glinz S, et al. Evaluation of breast tumor cell contamination in
the bone marrow and leukapheresis collections by RT-PCR for cytokeratin-19 mRNA.
Br J Haematol 103:610–617, 1998.

13. Solano C, Badia B, Benet I, et al. Prognostic significance of contaminating tumor cells
in apheresis in high-risk breast cancer patents treated with peripheral blood stem cell trans-
plantation [abstract]. Proc Am Soc Clin Oncol 19:122a, 2000.

14. Shpall EJ, Jones RB, Bast RC Jr, et al. 4-Hydroperoxycyclophosphamide purging of
breast cancer from the mononuclear cell fraction of bone marrow in patients receiving
high-dose chemotherapy and autologous marrow support: a phase I trial. J Clin Oncol
9:85–93, 1991.



Ross et al. 651

15. Passos-Coelho J, Ross AA, Davis JM, et al. Bone marrow micrometastases in chemother-
apy-responsive advanced breast cancer: effect of ex vivo purging with 4-hydroperoxycy-
clophosphamide. Cancer Res 54:2366–2371, 1994.

16. Pedrazzoli P, Lanza A, Battaglia M, et al. Negative immunomagnetic purging of periph-
eral blood stem cell contamination while not affecting hematopoietic recovery. Cancer
88:2758–2765, 2000.

17. Shpall EJ, Jones RB, Bearman SI, et al. Transplantation of enriched CD34-positive autol-
ogous marrow into breast cancer patients following high-dose chemotherapy: influence
of CD34-positive peripheral-blood progenitors and growth factors on engraftment. J Clin
Oncol 2: 28–36, 1994.

18. Handgretinger R, Greil J, Schurmann U, et al. Positive selection and transplantation of
peripheral CD34+ progenitor cells: feasibility and purging efficacy in pediatric patients
with neuroblastoma. J Hematother 6:235–242, 1997.

19. Hohaus S, Pförsich M, Murea S, et al. Immunomagnetic selection of CD34+ peripheral
blood stem cells for autografting in patients with breast cancer. Br J Haematol 97:881–888,
1997.

20. Umiel T, Prilutskaya M, Nguyen NH, et al. Breast tumor contamination of peripheral blood
stem cell harvests: increased sensitivity of detection using immunomagnetic enrichment.
J Hematotherapy Stem Cell Res 9:895–904, 2000.

21. Sharp JG, Kessinger A, Vaughan WP, et al. Detection and clinical significance of mini-
mal tumor cell contamination of peripheral stem cell harvests. Int J Cell Cloning 10:92–94,
1992.

22. Ross AA, Cooper BW, Lazarus HM, et al. Detection and viability of tumor cells in
peripheral blood stem cell collections from breast cancer patients using immunocyto-
chemical and clonogenic assay techniques. Blood 9:2605–2610, 1993.

23. Franklin WA, Shpall EJ, Archer P, et al. Immunocytochemical detection of breast can-
cer cells in marrow and peripheral blood of patients undergoing high dose chemothera-
py with autologous stem cell support. Breast Cancer Res Treat 41:1–13, 1996.

24. Brockmeyer C, Moss TJ, Prilutskaya M, Mansour V, Burgess J, Kunkel LA. Incidence
of breast cancer cells in the CD34 negative fraction of PBSC harvests after Isolex sepa-
ration [abstract]. Bone Marrow Transplant 19 (Suppl 1):S40, 1997.

25. Preti RA, Nadasi S, Murawski J, McMannis J, Karandish S, Pecora AL. Single step pos-
itive/negative purging for breast cancer and T lymphocyte depletion using the Baxter
Isolex 300i magnetic cell separator (Isolex 300I) [abstract]. Blood 90 (Suppl 2):346b,
1997.

26. Ross AA, Layton TJ, Stenzel-Johnson P, et al. Enrichment of tumor cells from autol-
ogous transplantation grafts from breast cancer patients. In: Dicke KA, Keating A, eds.
Autologous Marrow and Blood Transplantation: Proceedings of the Ninth International
Symposium, Arlington, Texas. Charlottesville, VA: Carden Jennings, 1999, p. 521–
528.

27. Shammo JM, Smith SL, Bennett MV, et al. Use of a tumor-cell enrichment column for
the enhanced detection of minimal residual disease in the BM or apheresis peripheral blood
transplant products of breast-cancer patients. Cytotherapy 1:367–376, 1999.

28. Schaeffer A, Yacob D, Guillermo R, Deans R. A protocol for additional tumor purging



652 Chapter 15: Tumor Cell Contamination

used simultaneously with CD34+ cell selection using the Isolex 300i. J Hematother
6:396–401, 1997.

29. Nieto Y, Cagnoni PJ, Nawaz S, et al. Evaluation of the predictive value of Her-2/neu over-
expression and p53 mutations in high-risk primary breast cancer patients treated with high-
dose chemotherapy and autologous stem cell transplantation. J Clin Oncol 18:2070–2080,
2000.


