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In this edition of TRANSFUSION,1 a case series is presented where blood salvage was

used during surgery for gynecologic malignancy. Commonly, blood salvage is avoided in

cancer surgery due to a fear of creating disseminated metastasis from incorporating cancer

cells into the shed blood and reinfusing them directly into circulation. In the case series

presented here, diffuse metastasis did not arise shortly thereafter. While a case series does

not prove the safety of this technology during oncologic surgery, it does provide an

opportunity to review the data regarding this contraindication.

Classically, cancer metastasis has been thought to arise from cells breaking away from a

primary tumor, migrating into the blood and landing in distal organs from which a secondary

tumor would grow. Based on this understanding, it would seem like a bad idea to collect

blood and cancer cells from an operative site and then directly reinfuse them into circulation.

In 1975, a case report was published where a patient had blood salvage utilized during a

pneumonectomy. Four weeks later, the patient died. Since malignant cells were detected in

the salvaged blood, the authors concluded that the reinfusion of these cells was contributory

to the patient’s early demise.2 Based on this theoretical fear of creating diffuse metastasis

when utilizing blood salvage during cancer surgery, the American Medical Association

Council on Scientific Affairs in 1986 recommended against the use of blood salvage during

cancer surgery.3

Since this recommendation, the alternative therapy to blood salvage, allogeneic transfusion,

has been questioned as to its effects on cancer recurrence. Additionally, many other adverse

effects associated with allogeneic transfusion such as transfusion-related acute lung injury

have been identified. So, a reevaluation of the use of blood salvage during oncologic surgery

is warranted.

Since 1986, there have been 10 studies published encompassing 476 patients who received

blood salvage during resection of multiple different tumor types involving the liver,4–6

prostate,7–9 uterus,10,11 and urologic system.12,13 Three of these publications were

observational case series like the report in this issue of TRANSFUSION. Like the report

here, these observational studies did not show diffuse blossoming of metastasis shortly after.
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In the other seven of these 10 studies, outcomes in a matching group of patients were

reported. These matched controls received no transfusion, allogeneic transfusion, or

preoperative autologous donation instead of blood salvage. Patient follow-up in these studies

varied from 3 to 10 years. In all of the studies, the blood salvage group received less

allogeneic blood than its comparable control. In all circumstances, the long-term outcome

was equivalent or better in the blood salvage group when compared to the control. All

studies were retrospective in nature so the level of evidence is weak; however, these studies

clearly provide no support for the theoretical risk of administering blood containing

malignant cells and subsequent widespread metastasis.

Since no outcome data exist supporting the contraindication, are there any data by which we

can infer possible risk? The primary question to ask is, “Are cancer cells, which are capable

of causing metastasis, present in the blood being retransfused?” The answer to this question

appears simple. Besides the case report mentioned at the beginning of this editorial, Catling

and colleagues14 found tumor cells in the blood salvage reservoirs of 31 of 50 patients

undergoing gyneco-oncology surgery. In a different report, Hansen and colleagues15

demonstrated tumor cells in blood salvaged from the surgical field, ranging in quantities

from 10 to 106 cells. Clearly, the cells are present within the scavenged blood.

Interestingly, Hansen and colleagues also found that in 26% of these patients, there were

also tumor cells circulating in the patients that were not from readministered salvaged blood.

In fact, it has been demonstrated that a high percentage of patients presenting for cancer

surgery have circulating tumor cells.16–18 Additionally, it has long been recognized that

surgical manipulation of the tumor leads to circulatory dissemination of cancer cells.19–21 It

has been estimated that of these circulating tumor cells, only 0.01% to 0.000001% of them

have the potential to form metastatic lesions.22 So, the importance of administration of

tumor cells via cell salvage blood must be questioned in light of the fact that they are already

there.

If tumor cells are already in circulation, is there any significance to adding a few more?

Circulating tumor cells have been associated with poor prognosis in breast23 and prostate

cancer, for which there is an extremely sensitive FDA-licensed test that quantifies

cytokeratin-positive cells in blood. Further, for epithelial cancers, the blood is a conduit to

metastatic sites such as marrow. Since patients with even micrometastatic marrow

involvement have poor prognosis,24 it follows that at least some circulating tumor cells are

tumorigenic. Direct evidence for surgical release of tumor cells into the peripheral blood is

available in esophageal cancer, where Liu and coworkers25 used polymerase chain reaction

to quantify tumor cells in the blood of patients undergoing esophagectomy. Patients in

whom the level of circulating tumor cells remained elevated 3 days postoperatively had a

higher incidence of subsequent metastasis. However, the release of circulating tumor cells

correlated with other classical prognostic indicators such as pathologic stage and lymph

node status, highlighting the conundrum inherent in these observational studies: it is not

possible to tell whether the presence of circulating cells is the cause or consequence of

elevated risk. Whether adding tumor cells into the circulation worsens prognosis is a

question yet left unanswered.
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Taking the most conservative stance and assuming that circulating tumor cells do have

malignant potential, can we remove them from salvaged blood? This issue remains an area

of controversy. Leukoreduction filters have been advocated for removal of tumor cells

during cancer surgery. These filters have been used for filtration of malignant cells in cell

salvage for urologic surgery26,27 and pulmonary surgery28 and in a variety of cell lines that

were used to contaminate discarded blood.29,30 These studies have all concluded that

leukoreduction filters were highly effective at removing tumor cell contamination. Hansen

and coworkers31 suggest that these studies are flawed in that they are performed with

cultured tumor cells that may stick to filter material at greater rates than would cells from

the surgical site. He also contends that the assays used for detection of tumor cells in these

studies lack sensitivity and that cells may in fact be present in this shed, filtered blood. It is

suggested from the work of Hansen and coworkers that a 3- to 4-log reduction in tumor

burden is achieved with leukoreduction filters. Thus, he advocates irradiation of the tumor-

laden blood utilizing 50 Gy of gamma irradiation. He believes that this achieves a 12-log

reduction in tumor cells. While this may be true, most hospital irradiators are programmed

to provide smaller doses of radiation, which would complicate the provision of irradiated

allogeneic blood; many hospitals do not have these irradiators, meaning that the blood

would need to be transported off site to a blood center prolonging the turnaround time for

the reinfusion; and, finally, separating the blood from the patient presents new risks of

hemolytic transfusion reactions.

Although this debate exists among advocates of either removal technique, it may be

irrelevant as to whether either technique is used. Of the seven blood salvage studies

mentioned earlier where a control group existed, in six of the seven studies neither removal

technique was used. In the seventh article, a leukoreduction filter was used.

The last question to ponder is whether blood salvage offers an alternative that is equivalent

or equal to the alternative—allogeneic transfusion. Multiple reports have been made

indicating that allogeneic transfusion increases the rates of recurrence after tumor

surgery.32–34 Two recent meta-analyses of these reports suggest that patients suffer nearly a

twofold increase in recurrence when exposed to allogeneic transfusion and that the effect is

dose-dependent.35,36 While critics of these studies would state that these studies demonstrate

an association between allogeneic blood and tumor recurrence, it is not proven that this

relationship indeed exists. Nevertheless, from the prevailing evidence at hand, it would

appear that the association of cancer recurrence with allogeneic blood is evidence that has

sizably more weight to it than does the theoretical risk of utilizing blood salvage in cancer

surgery.

While we await the performance of a prospective, randomized controlled trial to answer the

question definitively of the best technique for providing red blood cells during cancer

surgery, for now the preponderance of evidence appears to support the use of blood salvage.

At this point, the use of leukoreduction filters appears prudent.
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