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way of thinking of CB-derived HSC (non-) expansion
which could, if confirmed, be quickly translated into
practical and useful clinical applications.

Dr. Vittorio Rosti

Laboratory of Organ Transplantation,
IRCCS Policlinico San Matteo,
piazzale Golgi 2, Pavia, Italy
E-mail: virosti@tin.it

References

1. Locatelli F Rocha V, Chastang C, Arcese W, Michel G,
Abecasis M, et al. Factors associated with outcome after cord
blood transplantation in children with acute leukemia.
Eurocord-Cord Blood Transplant Group. Blood 1999;93: 3662-
71.

2. Cairo MS, Wagner JE. Placental and/or umbilical cord blood:
an alternative source of hematopoietic stem cells for transplan-
tation. Blood 1997;90:4665-78.

3. Gluckman E, Locatelli E Umbilical cord blood transplant. Curr
Opin Hematol 2000;7:353-7.

4. Vaziri H, Dragowska W, Allsopp RC, Thomas TE, Harley CB,
Lansdorp PM. Evidence for a mitotic clock in human
hematopoietic stem cells: loss of telomeric DNA with age.
PNAS USA 1994;91:9857-60.

5. Morrison SJ, Prowse KR, Ho P, Weissman IL. Telomerase activ-

ity in hematopoietic cells is associated with self renewal

K}otential. Immunity 1996;5:207-16.

otaro R, Cimmino A, Tabarini D, Rotoli B, Luzzatto L. In

vivo telomere dynamics of human hematopoietic stem cells.

Proc Natl Acad Sci USA 1997;94:13782-85.

7. Bellantuono 1. Hematopoietic stem cells. Int ] Biochem Cell
Biol 2004;36:607-20.

8. Baxter MA, Wynn RE Jowitt SN, Wraith JE, Fairbaim IJ,
Bellantuono 1. Study of telomere length reveal rapid aging of
human marrow stromal cells following in vitro expansion.
Stem Cells 2004;22:675-82.

9. Gammaitoni L, Weisel KC, Gunetti M, Wu KD, Bruno S,
Pinelli S, et al. Elevated telomerase activity and minimal
telomere loss in cord blood long-term cultures with extensive
stem cell replication. Blood 2004;103:4440-8.

10. Piacibello W, Sanavio E Garetto L, Severino A, Bergandi D,
Ferrario ], et al. Extensive amplification and self renewal of
human primitive hematopoietic stem cells from cord blood.
Blood 1997,89:2644.

11. McNiece I, Kubegov D, Kerzic P, Shpall EJ, Gross S. Increasing
expansion and differentiation of cord blood products using a
two step expansion culture. Exp Hematol 2000; 28:1181-6.

12. Lam AC, Li K, Zhang XB, Li CK, Fok TE, Chang AM, et al.
Preclinical ex vivo expansion of cord blood hematopoietic
stem and progenitor cells: duration of culture; the media,
serum supplements and growth factor used; and engraftment
in NOD/SCID mice. Transfusion 2001;41:1567-76.

13. Piacibello W, Sanavio F, Severino A, Dane A, Gammaitoni L,
Fagioli F et al. Engraftment in non obese diabetic severe com-
bined immunodeticient mice of human CD34* cord blood cells
fater ex vivo expansion: Evidence for the amplification and
self-renewal of repopulating stem cells. Blood 1999;93:3736-
49.

14. Ueda T, Tsuji K, Yoshino H, Ebihara Y, Yagasaki H, Hisakawa
H, et al. Expansion of human NOD/SCID-repopulating cells
by stem celFfactor, FIk/Flt3 ligand, thrombopoietin, IL-6, and
soluble IL-6 receptor. ] Clin Invest 2000;105:1013-21.

15. McNiece IK, Harrington JA, James RI, Shpall E], Mackay A,
Smith A. Ex vivo expanded cord blood cells provide rapid
engraftment in fetal sheep but lack long term engrafting poten-
tial. Exp Hematol 2002;30:612-6.

16. Laughlin M], Barker ], Bambach B, Koc ON, Rizzieri DA,
Wagner JE, et al. Hematopoietic engraftment and survival in
adu%t recipients of umbilical cord blood from unrelated
donors. N Engl ] Med 2001;344:1815-22.

17. Rocha V, Labopin M, Sanz G, Arcese W, Schwerdtfeger R, Bosi
A, et al. Transplant of umbilical cord blood or bone marrow
from unrelated donors in adults with acute leukemia. N Engl ]
Med 2004;351:2276-85.

18. Laughlin MJ, Eapen M, Rubinstein P, Wagner JE, Zhang M],
Champlin RE, et al. Outcomes after transplantation ofgcord
blood or bone marrow from unrelated donors in adults with
leukemia. N Engl ] Med 2004;351:2265-75.

19. Levac K, Karanu F, Bhatia M. Identification of growth factor

| 154 | haematologica/the hematology journal | 2005; 90(2)

conditions that reduce ex vivo cord blood progenitor expan-
sion but do not alter human repopulating ceH function in vivo.
Haematologica 2005;90:166-72.

20. Frassoni F Podesta’” M, Maccario R, Giorgiani G, Rossi G,
Zecca M, et al. Cord blood transplantation provides better
reconstitution of hematopoietic reservoir compared with bone
marrow transplantation. Blood 2003;102:1138-41.

21. Ramsfjell V, Borge O], Cui L, Jacobsen SE. Thrombopoietin
directly and potently stimulates multilineage growth and pro-

enitor cell expansion from primitive (CD34°CD38") human
Eone marrow progenitor cells: distinct and key interactions
with the ligands for c-kit and flt3, and inhibitory effects of
TGEF-f and TNEF-a. ] Immunol 1997;158:5169-77.

22. Fox N, Priestly G, Papayannopoulou T, Kaushansky K.
Thrombopoietin expands hematopoietic stem cells after trans-
plantation. J Clin Invest 2002;110:389-94.

23. Kaushansky K. Thrombopoietin: accumulating evidence for an
important biological effects on the hematopoietic stem cell.
Ann N'Y Acad Sci 2003;996:39-43.

Thrombosis and cancer: clinical relevance of a
dangerous liaison

Venous thromboembolism (deep vein thrombosis and
pulmonary embolism) and cancer are linked by a two-way
clinical association. Indeed, an idiopathic or unprovoked
episode of venous thromboembolism (VTE) may be the
first clinical manifestation of an occult cancer while
patients with clinically overt cancer are prone to have a
thromboembolic complication.' The pathophysiology of
thrombosis in cancer patients is rather complex. Cancer
cells can activate the clotting system directly, by generat-
ing thrombin, or indirectly, by stimulating endothelial
cells and circulating mononuclear cells to synthesize and
express a number of procoagulant factors, including the
tissue factor. An activation of blood coagulation has been
consistently demonstrated in patients with cancer, but
the correlation between these laboratory findings and
clinical outcomes has been only partially elucidated.

Idiopathic VTE and occult cancer

Patients presenting with an idiopathic or unprovoked
VTE have an approximately 10% probability of develop-
ing a cancer in the two years after the index event.?
Because of the concerns about this adverse outcome,
extensive screening for underlying cancer has been advo-
cated in patients presenting with idiopathic VIE. In a
recently published randomized trial the clinical benefit of
extensive screening for occult cancer was compared with
the management of no screening in patients with idio-
pathic VTE. The sensitivity of the extensive screening
was found to be approximately 90%.* During the 2-year
follow-up period, a newly diagnosed cancer was found in
10 of the 102 patients randomized to no-screening and 1
of the 99 patients randomized to extensive screening.
After a follow-up of 2 years from the index event, no sig-
nificant difference in cancer-related mortality was
observed between the two groups (2.0% in the screened
group and 3.9% in the not-screened group). In a second
recently published study, Monreal et al.* prospectively
evaluated the clinical benefit of a limited screening for
occult cancer (abdominal ultrasound and laboratory
markers of malignancy) in patients with acute VIE. This
limited diagnostic work-up showed a sensitivity of
approximately 50%, leading the authors to conclude for
the opportuneness of a more extensive diagnostic screen-
ing. Based on the currently available data, there is not
sufficient evidence to recommend routinely either exten-



sive or limited screening for occult cancer in patients pre-
senting with idiopathic VTE.

In a study reported in this issue of the journal (see page
214), Schutgens et al. found a correlation between high
D-dimer level, measured in the acute phase of deep vein
thrombosis (DVT), and the diagnosis of previously
unknown cancer. Cancer was found in 22 of 190 patients
who presented with DVT and had not previously been
known to have a cancer. In 8 of these patients cancer was
found at presentation while in the remaining 14 it was
found during the follow-up. The most interesting finding
of this study is that these 14 patients had statistically sig-
nificantly higher levels of D-dimer at presentation than
those of the patients who did not develop cancer during
the follow-up. On the basis of these results, the authors
concluded that high D-dimer levels at presentation are
indicators of an increased chance of occult cancer in
patients presenting with idiopathic DVT. The concept
behind this study, to identify a subgroup of VTE patients
at high risk of developing cancer and to make it the tar-
get of extensive screening, is certainly interesting. This
approach may allow a more limited group to be targeted
than the general group of patients with idiopathic VTE
with obvious advantages in terms of patient care and
reduced heath expenditure. The results of the study are
of potential interest but they need to be confirmed in
prospective randomized management studies in which
D-dimer levels are used to make clinical decisions.
Particular attention should be given to validating the safe-
ty of withholding screening for occult cancer in patients
with low D-dimer levels. While waiting for the results of
these studies, D-dimer levels should not be used alone for
this purpose but should be at least associated with a rig-
orous clinical judgment.

The burden of VTE in cancer patients

About 15% of patients with cancer develop a clinically
overt VIE during their disease. On the other hand,
approximately 20% of patients presenting with VTE
have cancer. These patients are hospitalized more fre-
quently than VTE patients without cancer, are sicker and
more prone to develop treatment side-effects. Patients
with cancer more frequently have extensive or bilateral
DVT of the lower limbs and venous thrombosis in
unusual sites. Although patients with cancer may devel-
op a thromboembolic complication at any stage, the risk
of VTE is particularly high in association with three clin-
ical settings surgery for cancer, chemotherapy and use of
a central vein catheter (CVC).

Post-operative VTE

For a similar type of operation, post-operative VTE
occurs 3-5-time more frequently in cancer patients than
in non-cancer patients.” In cancer patients undergoing
surgery without prophylaxis, the incidence of DVT is 40-
80% and that of proximal DVT 10-20%, as shown by
screening procedures. Most of the patients with positive
screening are asymptomatic. In a large multicenter study
the incidence of fatal pulmonary embolism was 1.6% in
cancer patients and 0.5% in those without cancer
(p=0.05).° A recent prospective study focused on the inci-
dence of clinically overt VIE in patients undergoing sur-
gery for cancer and found an incidence of 2.1% at the 30*
post-operative day despite the fact that most of the
patients were receiving pharmacological prophylaxis.
About 40% of VTE events occurred later than three
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weeks after the surgery. The 30-day mortality was 1.72%
and approximately half of the deaths were due to pul-
monary embolism.” Extensive abdominal or pelvic sur-
gery, age older than 60 years, obesity, previous VIE
episodes and prolonged immobility place patients with
cancer at particularly high risk of post-operative VTE.
Once-daily low molecular weight heparin (LMWH) is as
safe and effective as multiple daily injections of unfrac-
tionated heparin (UFH) in reducing the incidence of post-
operative VIE. The benefit of extended prophylaxis for
VTE after cancer surgery was demonstrated by the
ENOXACAN II study.® This study reported a statistically
significant reduction from 12% to 4.8% in the rate of
DVT associated with extended prophylaxis (4 weeks) as
compared with shorter prophylaxis (1* post-operative
week). Despite pharmacological prophylaxis, the inci-
dence of VTE in patients undergoing surgery for cancer
remains high. This problem prompted the evaluation of
several new antithrombotic agents in a clinical setting.*"

Chemotherapy

While receiving chemotherapy and/or hormone thera-
py, cancer patients have an increased risk of developing
VTE. Data on radiotherapy are less clear. The risk of VTE
associated with chemotherapy is dependent on many
contributing factors including cancer stage, age, co-mor-
bidities, bed rest, and the type and intensity of the thera-
peutic regimens. Most of the data on the incidence of
chemotherapy-associated VIE derive from studies in
women with breast cancer. In these patients, the risk of
VTE ranges from 4% to 15% and is even higher in
patients with metastatic cancer. The incidence of VTE in
patients with a variety of cancers, including cancer of the
colon, lung, breast and genitourinary tract, was recently
reported to be approximately 10% per year."

Warfarin 1 mg a day has been reported to be safe and
effective in reducing VIE complications in patients with
stage IV breast cancer.”” However, the available evidence
to recommend routine antithrombotic prophylaxis in
whatever type of cancer is modest. More data about this
matter will be available after the completion of several
ongoing studies designed to assess the clinical benefit of
antithrombotic prophylaxis to prevent chemotherapy-
associated VTE.

Central vein catheters (CVC)

Currently, many cancer patients have a long-term CVC
inserted for chemotherapy. CVC offers the cancer
patients advantages that are potentially outweighed by
complications such as CVC-related DVT and infections.
The incidence of asymptomatic CVC-related DVT is esti-
mated to be about 20%, while the rate of clinically overt
DVT of upper limbs ranges between 2 and 4%. Some fea-
tures of the catheter may influence the occurrence of VTE
complications.”

The role of antithrombotic prophylaxis in the preven-
tion of CVC-related thrombosis is controversial.
Although some open label studies™' demonstrated that
both LMWH and warfarin had benefit in preventing
CVC-related complications, more recent randomized,
placebo controlled trials,"®"” in which either symptomatic
or venography-detected thrombosis was measured, did
not confirm this benefit. Recently, a multicenter, random-
ized, double-blind, placebo-controlled study assessed the
efficacy and safety of enoxaparin, given for 6 weeks, in
the prevention of VIE in 385 cancer patients with CVC.
In this study, a 22% not statistically significant risk reduc-
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tion in the rate of CVC-related VIE was detected in
patients receiving enoxaparin compared to in those
receiving placebo.” Based on the available data, the use
of prophylaxis for catheter-induced thrombosis remains
controversial and more studies are required.

Clinical course of VTE in cancer patients

When VTE is objectively confirmed, anticoagulant
therapy is required. According to the current guidelines,
treatment is started with adjusted-dose UFH or fixed
dose LMWH for 5 to 7 days and continued with oral anti-
coagulation. Recurrence of VIE is more common in can-
cer patients than in non-cancer patients” and can occur
despite appropriate anticoagulation. On the other hand,
cancer patients seem to be prone to develop bleeding
complications more frequently while receiving anticoag-
ulant treatment. Recently, a randomized, controlled
study in cancer patients demonstrated the efficacy and
safety of secondary prevention of VIE with long-term
administration of LMWH. In this study, dalteparin was
shown to be more effective than oral anticoagulants in
reducing the risk of VTE recurrence without increasing
the risk of bleeding.” In this issue of the Journal Ageno et
al. report their clinical experience on home treatment of
DVT in 321 cancer patients. The results of this study
demonstrate that home treatment of DVT in cancer
patients is safe and feasible. Of interest, almost two-
thirds of the cancer patients received only LMWH. Home
treatment of DVT in cancer patients resulted to be effec-
tive without increasing the rate of recurrent VIE and
deaths.

The optimal duration of antithrombotic treatment in
cancer patients remains to be defined. The seventh ACCP
consensus conference” recently recommended that anti-
coagulation for VTE occurring in cancer patients be con-
tinued indefinitely or for as long as cancer is active.

Conclusions

The management of VIE has been significantly
improved in recent years. In particular diagnosis and
treatment have been made easier and more reliable. It is
of interest that most of the unsolved issues concern the
management of VIE in cancer patients. It is to be hoped
that the awareness of these unmet clinical needs will
result in more extensive clinical research specifically tar-
geting the association of cancer and thrombosis.
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