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Clinical Impacts of Tumor Cell Contamination of Hematopoietic Stem
Cell Products in Metastatic Breast Cancer Patients undergoing Auto-
logous Peripheral Blood Stem Cell Transplantation: Multicenter Trial

To determine whether the tumor cell contamination of peripheral blood stem
cells influences clinical impacts on high-dose chematherapy in patients with
metastatic breast cancer, we analyzed carcinoembryonic antigen (CEA) mRNA
in the apheresis products by nested RT-PCR (reverse transcriptase-polymerase
chain reaction). A total of 38 metastatic breast cancer patients and ten normal
healthy subjects as a negative control were included. Twenty out of 38 (51.3%)
apheresis products from patients with metastatic breast cancer were positive
for CEA mRNA. CEA mRNA was noted in 54.8% (17/31) of patients mobilized
with chemotherapy plus G-CSF and 42.8% (3/7) of patients with G-CSF alone.
There was no significant difference in age, estrogen receptor, menopausal
status, mobilization method, disease free interval, or number of metastasis sites
(1 vs >2) between positive and negative groups. The presence of CEA mRNA
in apheresis products did not influence the time to progression and overall
survival in both groups. However, both the univariate and the multivariate
analysis disclosed that the number of metastasis was associated with survival
significantly. We suggest that the tumor cell contamination does not predict poor
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Stem Cells

INTRODUCTION

Autologous petipheral blood stem cell transplantation
(APBSCT) is a commonly used treatment modality to
manage a vatiety of advanced solid tumots, including
bteast cancer (1-3). Unfortunately, most of those patients
who received APBSCT experienced relapse and suc-
cumbed because the therapy was unable to eradicate the
existing disease. It has been known that bone matrow
ot petipheral blood stem cell hatvests from patients with
breast cancer and other malignancies are contaminated
with tumor cells (4-8). Although several studies reported
that infusion of tumor cells in stem cell products may
be a contributing factor to poor clinical outcome and
post-transplant relapse in leukemia, lymphoma, and neu-
troblastoma, the exact role of reinfusion of tumor cells in
post-transplant relapse of metastatic breast cancer is not

fully determined (9-12).

tfreatment outcome in patients with metastatic breast cancer.
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Catcinoembryonic antigen (CEA) is a notable tumor
marker for gastric and colotectal cancer that is also ex-
pressed by the majority of breast cancets. Thete are te-
potts of CEA as an RT-PCR (reverse transctiptase-poly-
metase chain teaction) marker to detect carcinoma cells
in lymph nodes, bone matrow, and petipheral blood in
breast cancer patients (13-15). Most promising was the
report that the detection of positive axillary lymph nodes
increased from 26% via histological analysis to 66% by
RT-PCR analysis for CEA (13). Also it has been reported
that RT-PCR analysis with CEA ot mammaglobin marker
confirmed immunohistochemistry-positive sentinel lymph
node results of breast cancer and that, in some cases, RT-
PCR analysis detected marker expression even in immu-
nohistochemistry-negative sentinel lymph node (16).

We investigated whether the tumor cell contamination
of petipheral blood stem cells, which was determined by
nested RT-PCR of CEA mRNA, influences the clinical
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outcome of high-dose chemotherapy in patients with
metastatic breast cancet.

MATERIALS AND METHODS

Patient population

A total of 38 metastatic breast cancer patients undet-
went high dose chemotherapy (HDC) with APBSCT at
eight institutes in Korea between December 1995 and
November 1998. Petipheral blood stem cells wete mo-
bilized with chemotherapy plus G-CSF or G-CSF only.
Aliquots of processed stem cells were cryopreserved and
stored in liquid nitrogen undl use. Ten normal healthy
subjects were studied as a negative control.

Cell lines and peripheral blood samples

A colon cancer cell line, Colo 201 was used to test
the potential sensitivity of RT-PCR for the detection of
tumort cells in the blood. The mononuclear cells from
normal healthy donors were prepated from 10 to 14 mL
of petipheral blood by Ficoll-Hypaque gradient.

RNA preparation

RNA from petipheral mononuclear cells ot peripheral
blood stem cells was obtained following the thiocyanate,
phenol-chlotoform method desctibed by Chomzinsky and
Sacchi (17). Total RNA was spectrophotometrically
quantified at 260/280 nm, and its quality was tested in
1% agatose gel to seek for intact 288 and 18S RNAs.

Nested RT-PCR

¢cDNA was synthesized from 5 pg of total RNA in a
25 pL reaction mixture containing 5 pL of 5 Xreverse
transcriptase reaction buffer, 200 yM dNTP, 100 uM of
random hexamer, 50 units of RNasin, 2 gL of 0.1 M
dithiothreithol, and 200 units of Moloney leukemia virus
reverse transctiptase. The mixture was incubated at 37°C
for 60 min, heated to 95C for 10 min, and then chilled
on ice. CEA-specific oligonucleotide primers used for
nested PCR wete synthesized as previously described (15,
18). The first PCR product exhibited a 160 bp fragment
and the second PCR product showed a 131 bp fragment.
Nested PCR was petformed according to the method
described by Gerhard et al. (15). To ensure that the
RNA was of sufficient purity for RT-PCR, PCR assay
with primers specific for the gene S-actin cDNA was

catried out in each case. The primer sequences for S-actin
ptimers were as follows: 5'-"-TGACGGGGTCACCCACA-
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CTGTGCCCATCTA-3" and 5-CTAGAAGCATTGCG-
GTGGACGATGGAGGG-3'. Each series of RT-PCR
reactions included RNA-negative samples and normal
healthy blood samples as a negative control and Colo 201
cell samples as a positive control.

Marker mRNA detection sensitivity

Total RNA was isolated from colon cancer cell line and
quantitated to determine the sensitivity of the assay.
Serially diluted Colo 201 cells from 10* to 1 were mixed
in 10° mononuclear cells from normal healthy subject and
RT-PCR was petformed. The CEA mRNA could be
detected at the level of 1 colon cancer cell in 10° mono-
nuclear cells as previously described (18, 19).

High dose chemotherapy with APBSCT

Patients were treated with three or four cycles of
induction chemotherapy with FAC (5-fluorouracil, adria-
mycin, cyclophosphamide), FEC (5-fluorouracil, epirubi-
cin, cyclophosphamide), or Taxol containing regimen. For
the mobilization of petipheral blood stem cells, G-CSF
5 pg/kg was administered by subcutaneous injection or
G-CSF combined with cyclophosphamide 4 g/m’ ot in-
duction chemotherapy. Peripheral blood stem cells wete
collected with Fenwal CS-3000 (Baxter Healthcare, Deet-
field, IL, U.S.A.). Cryoptesetvation was petformed using
controlled rate freezer. Patients were treated with vatious
types of high dose chemotherapy according to individual
centet protocol and the details are listed in Table 1. After
48 hr of chemotherapy, rapidly thawed stem cells wete
infused via central line. All patients provided informed
consent.

Statistical analysis

Frequencies of CEA mRNA positivity wete compared
with vatious clinical charactetistics using Peatson’s chi-
square test. Relapse free sutvival was calculated from day
0 (infusion of stem cells) until 1) the day of death or
2) the first signs or symptoms of disease proved to be
relapse ot progression of breast cancet, ot 3) the last day
of follow-up. Overall sutvival was calculated from day O
until the day of death or the last follow-up. Patients who
did not telapse or die were censoted at the last day of
follow-up. Sutvival curves wete calculated using the
Kaplan-Meier method and compared with the frequencies
of tumor cell contamination using log-rank test. Multi-
variate analyses were petformed using Cox’s propottional
hazards regression model to identify prognostic factors for
sutvival. The regression analysis was petformed using
forward stepwise method. All statistical analyses wete
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Table 1. Patients characteristics in metastatic breast cancer
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Patient Age (yr) Site Mobilization HDC CEA mRNA PFS 0s
1 54 B,L,PI Cy+G-CSF CBP Negative 0 2
2 38 B,LBr FEC+G-CSF CBP Negative 0 3
3 47 BLH FEC+G-CSF CBP Positive 6 7
4 46 L,P1Br FAC+G-CSF CBP Negative 0 1
5 34 H FEC+G-CSF CBP Negative 11 13
6 38 LN FEC+G-CSF CBP Negative 27+ 27+
7 45 B,L FEC+G-CSF CBP Positive 27+ 27+
8 43 B G-CSF CBP Positive 27+ 27+
9 41 LH G-CSF CBP Positive 12 23+

10 46 Skin G-CSF MM Negative 3 5

11 43 B,L G-CSF MM Negative 0 2

12 50 B,L G-CSF MM Positive 4 5

13 55 Pl FEC+G-CSF CBP Negative 12 25+

14 44 B,PI G-CSF CBP Negative 3 4

15 52 B,L,H,PI FEC+G-CSF CBP Negative 23+ 23+

16 32 B FEC+G-CSF CBP Negative 6 15

17 40 B,LHPI Tax+C+G-CSF CBP Negative 17+ 17+

18 44 B Tax+C+G-SCF CBP Positive 12+ 12+

19 33 B G-CSF ICE Negative 8+ 8+

20 46 B,H Tax+G-CSF CBP Negative 12 21

21 58 B Cy+G-CSF CBP Negative 1 1

22 57 M Cy+G-CSF ICE Negative 50+ 50+

23 41 LPI Cy+G-CSF ICE Positive 4 15

24 40 B Cy+G-CSF ICE Positive 0 7

25 42 B FAC+G-CSF MM Positive 14 33+

26 52 L Cy+G-CSF ICE Positive 5 17

27 36 BB,S FAC+G-CSF ICE Positive 6 7

28 53 B Cy+G-CSF ICE Positive 14 15+

29 39 L Cy+G-CSF CBPT Positive 9+ 9+

30 30 B,PLM Cy+G-CSF CBPT Positive 0 2

31 52 LN Cy+G-CSF CECb Positive 9 1

32 56 LN Cy+G-CSF CECb Positive 28+ 28+

33 44 LN Cy+G-CSF CECb Positive 24+ 24+

34 50 BB,S Cy+G-CSF CECb Positive 4 13+

35 57 LN Cy+G-CSF CECb Negative 9+ 9+

36 29 Ovary Tax+P+G-CSF CTCb Positive 7 10

37 30 L Cy+G-CSF CTCb Positive 6 27+

38 43 LB,LN Cy+G-CSF CTCb Negative 10 14

Site, metastasis site; B, bone; BB, contralateral breast; L, lung; P, pleura; H, liver; LN, lymph node; M, bone marrow; Br, brain; S,
soft tissue; PFS, progression free survival, OS, overall survival, FEC, 5-fluorouracil+epirubicin+cyclophosphamdie; Tax+P, taxol+
cisplatin; Tax+C, taxol+carboplatin; Cy, cyclophosphamide; HDC, high dose chemotherapy; CBP, cyclophosphamide-+BCNU+cisplatin;
CBPT, cyclophosphamide+BCNU+cisplatin+taxol; MM, melphalan; ICE, ifosfamide+carboplatin+etoposide; CECb, cyclophosphamide+
etoposide+carboplatin; CTCb, cyclophosphamide+thiothepa+carboplatin

two-sided at a significance level of p=0.05, and pet-
formed using a SPSS 8.0% statistical software (Systat,

U.S.A).

Patients characteristics

The characteristics of the 38 metastatic breast cancer

RESULTS

patients are listed in Table 1. The median age was 44
yt (range: 29-58). The most common sites of metastasis
wete bone, lung and liver, and 19 out of 38 patients had

morte than one metastasis site.

RT-PCR results and clinical data

No CEA mRNA was detected in all normal subjects.
Twenty out of 38 patients (51.3%) were found to be
positive for CEA mRNA. Representative data are shown
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Fig. 1. Representative RT-PCR data for CEA mRNA in stem
cells from metastatic breast cancer. Lane 1, 3, 13: CEA negative
from metastatic breast cancer patients; Lane 2, 4-12; CEA posi-
tive from metastatic breast cancer patients; Lane 14: colo201
cells as a positive control; Lane 15-16. normal healthy blood
and dH20 without RNA as a negative control, respectively. (-
actin serves for intact RNA and RT as an internal control.

in Fig. 1. There was no significant difference in age, es-
trogen teceptor status, menopausal status, mobilization
methods, site of metastasis, disease free interval, or num-
bet of metastasis sites between CEA mRNA positive and

M.-J. Ahn, Y.-H. Noh, Y.-S. Lee, ef al.

negative groups (Table 2). CEA mRNA was found in the
apheresis products in 54.8% (17/31) of patients mobi-
lized with chemotherapy plus G-CSF and 42.8% (3/7)
of patients with G-CSF alone (Table 2). With median
14 months of follow-up (range: 1-50+ months), the me-
dian relapse ot progression free survival and overall sut-
vival were 10 and 14 months, respectively, in patients
who did not receive tumor cells, compared with 9 and
23 months, respectively, in those who received tumor
cells. Ten out of twenty patients who teceived contam-
inated stem cells are stll alive (range: 9-33 months),
whereas eight out of 18 who were infused with non-
contaminated stem cells are alive (range: 8-50 months).
There was no significant difference in progtession free or
overall survival (p=0.5497, p=0.3086) between CEA
mRNA positive and negative group (Fig. 2). Howevet,
shorter progression free interval (p=0.0013) and poor
overall survival (p=0.0033) were correlated with the
number of metastasis sites (1 vs =2) (Fig. 3). The me-
dian progression free interval and overall survival were
4 and 7 months, respectively, in patients with mote than
one metastasis sites, wheteas in patients with one meta-
stasis site the median progression free interval was 14
months and the median overall sutvival was not reached
yet. When multivariate analysis was petformed using

Table 2. Patient characteristics in metastatic breast cancer according to CEA mRNA

CEA mRNA
Negative (n=18) Positive (n=20) p value
Number (%) Number (%)
Age )
<50 11/26 (42.3) 15/26 (67.7) 0.489
>50 712 (58.3) 512 (41.7)
Estrogen receptor
Negative 3/9 (33.3) 6/9 (66.7) 0.580
Positive 3/5 (60.0) 2/5 {40.0)
Mohilization
G-CSF 47 (57.1) 3/7 (42.9) 0.687
G-CSF+Chemotherapy 14/31 (45.1) 17/31 (54.9)
Menopause
Premenopause 10/25 (40.0) 15/25 (60.0) 0.307
Postmenopause 8/13 (61.5) 513 (38.5)
Disease free interval
<2 yr 8/20 (40.0) 12/20 (60.0) 0516
>2 yr 10/18 (55.6) 8/18 (44.4)
Site of metastasis
Bone 11/20 (65.0) 9/20 (45.0) 0.466
Lung 7715 (46.7) 8/15 (63.3)
Liver 4/6 (66.7) 2/6 (33.3)
Soft tissue 1/3 (33.3) 2/3 (66.7)
Others 12/21 (57.1) 9/21 (42.9)
No. of metastasis site
1 8/19 (42.1) 11/19 (57.9) 0.746
>2 10/19 (52.6) 919 (47.4)
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1.0 1.0
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0.8 0.8
07 p=0.5497 07 p=0.3086
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Fig. 2. A: Progression free survival for patients with CEA mRNA positive (n=20) or negative (n=18) in metastatic breast cancer.
B: Overall survival for patients with CEA mRNA positive (n=20) or negative (n=18) in metastatic breast cancer.

1.0 1.0
0.9 0.9
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Fig. 3. A: Progression free survival for patients with number of metastasis=1 (n=19) or >2 (n=19) in metastatic breast cancer.
B: Overall survival for patients with number of metastasis=1 (n=19) or >2 (n=19) in metastatic breast cancer.

Table 3. Multivariate analysis of prognostic factors predicting survival in 38 metastatic breast cancer patients

Factors b SE (b) p-value Odds ratio (95% CI*)
Age group 0.736 0.560 0.895 1.076 (0.358-3.231)
Metastasis number 1.317 0.5104 0.010 3.733 (1.361-10.233)
Mohilization 0519 0.551 0.345 0.594 (0.202-1.702)
Disease free interval 0.401 0.476 0.399 0.669 (0.262-1.702)
CEA mRNA 0.429 0476 0.367 0651 (0.255-1.656)

*95% confidence interval

Cox's proportional hazards regression model is as follows: hit}=h.(t} exp (81 age+ B> metastasis site+ £; mobilization+ B. disease free
interval+ Bs CEA ). Age: 0=<50, 1=>50; Metastasis site: 0=1, 1=>2; Mobilization: 0=G-CSF, 1=Chemo+G=CSF; Disease free
interval: 0=<2 yr, 1=>2 yr; CEA: O=negative, 1=positive
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Cox’s propottional hazards regression model to identify
the prognostic factors for sutrvival, only the number of
metastasis site was associated (odds ratio 3.733) (Table

3).

DISCUSSION

We demonstrated that more than 50% of metastatic
breast cancer patients undergoing APBSCT' are contam-
inated with malignant cells in apheresis products. Sen-
sitive immunocytochemical or molecular diagnositc tech-
niques have detected occult tumor cells in 10% to 80%
of peripheral stem cell aphetesis products from patients
with metastatic breast cancer undergoing high-dose che-
motherapy (6, 9, 20). The cytokeratins (CK) expression,
such as CK8, CK18, CK19, and CK20, are commonly
used markers for detection of most epithelial cell tumots,
based on specific traits of the tissue in which the tumor
originates (21-24). Also, the selective expression of cet-
tain antigens such as CEA or estrogen teceptots ate used
(15, 18). However, cytokeratin markers (CK8, CKIS8,
CK19) or estrogen teceptots may not be considered ade-
quate for detecting tumor cells since they are expressed
to a greater ot less extent by petipheral blood mono-
nuclear cells (25, 26). Moreover, RT-PCR is widely used
to the presence of tumor cells with high sensitivity de-
tecting a tumor cell among 10° mononuclear cells (13,
20-23, 27, 28). We found that CEA mRNA was not
detected in the peripheral blood mononuclear cells from
all normal healthy controls, indicating that CEA mRNA
may be a reliable matker for the detection of tumor cell
contanunation.

Goeminne et al. (29) reported that CEA transcription
can be induced by G-CSF since CEA RT-PCR exptession
was observed in 95% of G-CSF mobilized stem cell sam-
ples derived from patients with breast cancer and also
in five out of seven petipheral blood mononuclear cells
(PBMC) from healthy individuals incubated in vitro with
G-CSF, suggesting a loss of specificity of CEA RT-PCR
for tumor cell detection in petipheral blood mononuclear
cells. However, we observed that only 50% of metastatic
bteast cancer patients showed CEA mRNA positive even
though all the patients were administered G-CSF for
mobilization of stem cells during leukaphetesis. Consider-
ing the sensitivity of RT-PCR analysis (14-16) and other
previous reports (13-16), this discrepant result should be
elucidated through further studies.

Recently, it has been repotted that the apheresis prod-
ucts mobilized with chemotherapy and G-CSF were less
contaminated than those mobilized with G-CSF alone
(30). However, tesults of our trial are similar to those
pteviously repotted by others in a retrospective study
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(31, 32), suggesting that tumor cell contamination in
apheresis products was not affected by the mobilization
method. We also noted that there was no significant
difference in tumor cell contamination among the meta-
stasis sites.

Although several reports suggested that tumor cells
present in stem cell transplants or bone marrow may
contribute to eatly relapse ot shorter disease free sutrvival
in high-risk breast cancer patients treated with high dose
chemotherapy (33, 34), it is stll controversial whether
the reinfusion of tumor cells in apheresis products may
play a role in early progression or poor clinical outcome
of metastatic breast cancer patients (35-37). Brockstein
et al. (35) reported that six of 26 advanced breast cancer
patients had contaminating tumor cells detectable by im-
munocytochemistty in bone matrow harvests and these
6 patients had a trend toward decreased overall survival
compared with those patients without tumor cells. How-
ever, recent study with relatively large number of pa-
dents by Cooper et al. (37) teported that microscopic
tumot was frequently detected by immunocytochemistty
in 23 out of 57 (40%) hematopoietic stem cell products
of metastatic breast cancer, but did not predict for in-
fetiot treatment outcome in tumor cell positive group.
Although in our small series of patients 20 of 38 (51.3%)
wete found to be positive for CEA mRNA, we also could
not find any significant difference in progression free ot
ovetall sutvival between CEA mRNA positive group and
negative group. Rather, only the number of metastasis
sites (1 vs =>2) was correlated with shorter progression
free and poor overall survival by univatiate analysis, in-
dicating that tumor butden may be one of the most im-
portant factors to predict the prognosis in the manage-
ment of metastatic breast cancer. Multivatiate analysis
also showed that only the number of metastasis site was
associated with survival (odds ratio: 3.733).

In summary, outr studies indicate that a significant
number of apheresis products from metastatic breast
cancer patients undergoing APBSCT ate contaminated
with tumort cells by using molecular diagnostic tech-
niques. Although it seems from out study with small
cohort of patients that the contaminating malignant cells
in stem cell products may not predict eatly relapse or
poot clinical outcome, further studies with large number
of patients and the comparison with other prognostic
factors and characteristics of the tumor may determine
the significance of tumor cell contamination in apheresis
products.
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