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Abstract

Purpose This study aimed at evaluating our hypothesis

that tumour cells, which pass through the intraoperative

cell salvage (IOCS) machine, lose viability due to possible

injury to the cell membrane during centrifugation and fil-

tration, enabling safe reinfusion even without filtration.

Methods Thirteen patients who underwent metastatic

spine tumour surgery (MSTS) at our institution were

recruited. Blood samples (5 ml each) were collected at five

different stages during surgery, namely, stage A and B:

from patients’ vein during induction and at the time of

maximum tumour manipulation; stage C, D and E: from

the operative blood prior to IOCS processing, after IOCS

processing and after IOCS-LDF (leucocyte depletion filter)

processing, respectively. The samples were then analysed

for viability of tumour cells using microwell-based culture.

Results The median age of the patients was 65 years

(range 37–77 years). The most common primary tumour

was lung, followed by breast, hepatocellular and renal cell

carcinoma. The median blood loss was 680 ml (range

300–1500 ml). Analysis of cultured blood samples showed

that CTC-containing clusters were developed from some

samples before IOCS-LDF processing (stage A: three

patients, stage B: three patients and stage C: one patient).

None of the samples from stages D and E generated clus-

ters after culture, suggesting the absence of viable cancer

cells after IOCS processing.

Conclusions The salvaged blood may contain some

tumour cells after processing with IOCS machine, but these

cells are damaged and hence unable to replicate and unli-

kely to metastasise. The results of this study support the

hypothesis that salvaged blood in MSTS is safe for

transfusion.
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Introduction

Spinal column is the third most frequently involved organ

by metastases, following the lung and liver [1]. Metastatic

involvement of the spinal column forms stage IV disease in

all cancer patients. Metastasis to the spinal column results

from cancer cells which extravasate into the peripheral

bloodstream from the primary cancer site in these patients.

These cancer cells, termed as circulating tumour cells

(CTCs), can be found in all patients with advanced meta-

static disease.

Alleviation of pain, decompression of the neural elements

and mechanical stabilisation of the spine in conjunction with

preservation of quality of life are the objectives of surgical

intervention for metastatic spine disease (MSD). Surgical
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interventions in MSD, especially when considering anterior

corpectomy, are fraught with significant intraoperative blood

loss. Blood loss can be as high as 2180 ml [2] or higher, up

to 5 L which is nearly equivalent to one circulating blood

volume of an average young adult [3]. Currently, allogeneic

blood transfusion (ABT) remains the gold standard for blood

replenishment. However, it still has associated risks of

infection transmission, immunosuppression and transfusion

reactions despite better improvement in screening of allo-

geneic blood [4, 5].

Intraoperative cell salvage (IOCS) is a novel alternative

for addressing the above concerns related to ABT [6, 7].

However, it has not been widely adopted in oncological

surgery due to the hypothetical concern of reinfusing

cancer cells. Despite the emerging evidence of the safety of

IOCS, especially in combination with leucocyte depletion

filter (LDF) [6, 8–16], most surgeons are still doubtful

about using IOCS during oncological surgery.

We previously presented studies on the feasibility of

IOCS-LDF in removing cancer cells from blood salvaged

during metastatic spine tumour surgery (MSTS) [7, 14].

Qualitative and quantitative analyses were carried out using

immunohistochemistry cell block [6, 7] and flow cytometry

[14] techniques, respectively, to detect cancer cells present

in the samples taken from different stages during operation.

In the qualitative study using cell-block technique [6, 7], we

were unable to detect any viable cancer cells in the salvaged

blood after filtration with both IOCS and LDF. We then

validated our findings with flow cytometry technique with

which we could quantitatively analyse cancer cells in the

filtered salvaged blood. In that particular study [14], we

found that the remnant cancer cells in the filtered salvaged

blood or salvaged blood were significantly less than the

circulating tumour cell load in each patient.

In this study, we aimed to further evaluate our hypothesis

that cancer cells, which pass through the surgical suction

system and processed with the cell saver system, were either

removed or if left behind, would lose viability due to pos-

sible injury to the cell membrane during centrifugation and

filtration. Hence, any residual cancer cells in the salvaged

blood may not be viable, enabling safe reinfusion even

without filtration using LDF. We, therefore, conducted a

study using a microwell-based culture method for the

expansion of primary CTCs to evaluate our hypothesis and

validate the safety of IOCS processed blood in MSTS.

Methods

Study design and study population

This prospective observational study included patients

undergoing surgery for MSD from known primary tumours

operated between August 2014 and July 2015. Ethics

approval for the study was sought from Institutional

Review Board prior to commencement of the study.

Patients who presented with spinal metastases from known

epithelial primary tumours (lung, breast, prostate, renal,

colorectal, hepatocellular, cervix, etc.), and requiring

spinal surgery for management of MSD, were recruited.

They had to be physically fit for surgery and above

18 years of age to be able to provide informed consent for

surgery. The exclusion criteria were patients with spinal

metastasis from unknown primary, patients medically unfit

or lacking mental capacity to provide informed consent for

surgery and pregnant patients. Detailed informed consent

was obtained from recruited patients who were explained

that salvaged blood would not be transfused back to them.

Sample collection

During surgery, IOCS devices (OrthoPAT� Orthopedic

Perioperative Autotransfusion System, Haemonetics, USA

or Dideco, Sorin Group, Italy) were used to collect blood

lost from the operative field. The anticoagulant used was

heparin 30000 units diluted in 1 L of normal saline.

To optimise the safety of salvaged blood, Pall RS leu-

cocyte depletion filter (RS1VAE, Pall Corporation, Ports-

mouth, UK) was used as a final filtration after the blood had

been processed by IOCS. Blood samples were taken at five

stages (Fig. 1): (1) Stage A: venous blood from the patient

during induction by anaesthetist; (2) Stage B: venous blood

from the patient during maximum tumour manipulation by

the surgeons; (3) Stage C: blood from the operative field at

the time of maximum tumour manipulation and prior to

IOCS cell saver processing; (4) Stage D: salvaged blood

after being processed by the cell saver prior to LDF fil-

tration; and (5) Stage E: salvaged blood after being pro-

cessed by both IOCS-LDF.

At each stage, 5 ml samples were drawn and sent to the

lab for microwell-based culture. All blood samples were

stored in sterile Ethylenediaminetetraacetic acid (EDTA)-

coated vacutainer tubes (Becton–Dickinson, NJ, USA) and

kept at 4� till processing.

Evaluation of cancer cells viability

To evaluate the presence of viable and proliferative cancer

cells in salvaged blood, we utilised a microwell-based

culture assay previously established for the expansion of

human clinical CTCs in blood [17]. CTCs are primary

cancer cells present in the blood of cancer patients and

were shed from either primary or secondary tumours [18].

In addition to determining the presence of CTC-con-

taining clusters after culture, the proportion of cytokeratin

positive (CK?)/CD45 negative (CD45-) cancer cells were
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also evaluated. CK is an epithelial marker to identify

cancer cells originating from epithelial tumours; CD45 is a

leucocyte marker and Hoechst dye will enable the labelling

of cell nuclei. The current standard of CTC definition is

‘pan-CK?/CD45-/Hoechst? with a high nuclear/cyto-

plasmic (N/C) ratio’ [19]. High N/C ratio is a phenotype

associated with malignancy. The proportion of CK? cells

serve as an estimate for the amount of cancer cells after

culture. Recent reports confirmed the presence of mes-

enchymal-like CTCs, which demonstrated reduced

expression of CK, can also be detected [20].

Preparation of microwell-based culture assay

for primary CTCs

A dense array of microwells was generated using 60 mm

plastic non-coated petri dishes (Becton–Dickinson, Frank-

lin Lakes, NJ), which were patterned with a laser engraving

machine (VLS-2.30, Universal Laser System Inc., Scotts-

dale, AZ). Details of the fabrication and microwell

dimensions were reported in a previous paper [17].

Culture preparation and conditions

To ensure viability of the cells, blood samples were pro-

cessed within 10 h after collection. Blood samples were

mixed gently with red blood cell (RBC) lysis buffer (Life

Technologies, Carlsbad, CA) for 5 min, followed by

decanting of the supernatant. The resultant cell pellet

consisted of nucleated cells and CTCs. These were washed

once with sterile phosphate-buffered saline (PBS) before

final re-suspension in fresh high-glucose Dulbecco’s

modified Eagle’s medium (DMEM). The media was sup-

plemented with 10 % foetal bovine serum (FBS) and 1 %

penicillin–streptomycin (Invitrogen, Carlsbad, CA).

Patterned dishes containing the samples were stored in

humidified incubators maintained at 37 �C in 5 % (v/v)

CO2 and 1 % O2. Resultant clusters were dissociated with

manual pipetting aided by trypsinisation with 0.01 %

trypsin and 5.3 mM EDTA (Lonza, Basel, Switzerland)

solution in PBS for 3 min at 37 �C. Dishes were imaged

using phase contrast microscopy after 2 weeks to deter-

mine positivity of culture (Fig. 2). Images were processed

with image processing software (ImageJ, NIH, Bethesda,

MD).

Immunostaining of cultured cells (Fig. 3)

Cultured cells were harvested and fixed with fresh 4 %

paraformaldehyde (PFA) (Sigma-Aldrich, St Louis, MO).

Fixed cells were incubated with conjugated antibodies,

namely pan-cytokeratin (CK)-Fluorescein isothiocyanate

Cell Saver

Stage D: 5 ml 
from salvaged

blood processed 
with IOCS

Stage C: 5 ml of 
blood from 

operative field 

Patient

Stage E: 5 ml of 
salvaged and 
filtered blood

processed with both 
IOCS and LDF

Stage A: 5 ml of 
venous blood 

during induction 

Stage B: 5 ml of
venous blood during 

maximum tumour 
manipulation

Leucocyte Depletion 
Filter

Fig. 1 Stages of blood samples

collection during surgery
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(FITC), CD45-Allophycocyanin (APC), both 1:100 (Mil-

tenyi Biotec Asia Pacific, Singapore) and Hoechst 33342

dye (Sigma-Aldrich). The above three antibodies were

mixed as ‘‘antibody cocktail’’ and prepared in PBS with

5 % bovine serum albumin (BSA).

Statistical analysis

Statistical analysis was performed using STATA statistical

software (version 12, StataCorp, College Station, Texas).

The primary outcome was the formation of tumour clusters

in the samples from various stages. In order to obtain a

meaningful comparison in the analysis, we collapsed stage

A and B together and called it ‘‘baseline CTC group’’. This

group would include the minimum number of patients

detected with circulating tumour cells in our study cohort.

Using two-sample proportion test, the proportion of

patients with tumour clusters formed in the samples in

baseline CTC group was compared to that in stage D as

well as stage E to assess the difference in the viability of

any possible tumour cells in these samples. P value\0.05

was considered to be statistically significant.

Results

Patient cohort

We recruited 13 patients, of which 12 were included in

final analysis. One patient was excluded because her blood

samples could not be processed within 10 h after collection

due to a delay in delivery. Table 1 shows demographic

characteristics, details of primary and secondary tumours

and results of microwell-based culture for each recruited

patient. There were 7 females and 5 males. The median age

of the patients was 65 years (range 37–77 years). The most

common primary tumour in this cohort was lung, followed

by breast, hepatocellular and renal cell carcinoma. The

median blood loss was 680 ml (range 300–1500 ml). Ten

patients underwent posterior instrumentation and decom-

pression while two underwent anterior corpectomy. Hae-

monectics cell saver was used in ten patients and Dideco

was used in two patients.

Absence of viable CTCs after cell saver processing

Blood samples obtained were processed in the laboratory

using the methods mentioned above. Analysis of cultured

blood samples showed that CTC-containing clusters were

developed from some samples before IOCS-LDF process-

ing (stage A: three patients, stage B: three patients and

stage C: one patient) (Fig. 2). None of the samples from

stages D and E generated clusters after culture, suggesting

the absence of viable cancer cells after IOCS or IOCS-LDF

processing (Fig. 2). The percentage of pan-CK?/CD45-/

Hoechst? cells in the samples that formed clusters is also

presented in Table 1.

Proportion test revealed that there was a significant

difference between the proportion of patients with tumour

clusters in their samples in combined stage A and B (i.e.,

baseline CTC group) as against either stage D or stage E

(33 vs 0 %, P = 0.02).

Table 1 Demographic characteristics of the study participants and results of microwell-based culture for samples taken at each stage

Serial

No.

Age Sex Primary

tumour

Blood loss

(ml)

Formation of tumour clusters in the samples Percentage of pan-CK?

/CD45-/Hoechst? cells

detected

Stage

A

Stage

B

Stage

C

Stage

D

Stage

E

1 77 Male HCC 1500 ? – – – – Stage A (20 %)

2 67 Female RCC 400 – – – – –

3 63 Male Rectum 900 – ? – – – Stage B (4.4 %)

4 60 Female Breast 400 – – ? – – Stage C (13 %)

5 37 Female Cervix 300 ? ? – – – Stage A (5.3 %)

Stage B (4.3 %)

6 67 Male Prostate 1000 – – – – –

7 65 Female Lung 400 – – – – –

8 58 Female Lung 660 – – – – –

9 58 Female RCC 1500 ? ? – – – Stage A (20.4 %)

Stage B (20 %)

10 65 Female Breast 700 – – – – –

11 70 Male HCC 500 – – – – –

12 65 Male Lung 900 – – – – –
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Discussion

Success of surgical intervention in MSD is supported by

evidence of adequate decompression and appropriate sta-

bilisation. Longevity of decompression can be marred by

local recurrence at the site of decompression. Patient’s

longevity, however, can also be affected by the appearance

of newer secondaries and distant metastases. Appearance

of newer metastasis is secondary to spread from primary

tumour or spread from residual spinal metastases post-op-

eration or from other metastases in any organ of the body

(Fig. 3).

Transfusion of salvaged blood has been implicated to be

responsible for the appearance of newer metastases by

reinfusing tumour cells and disseminating them. In our

previous study [14], using flow cytometry, we found that

the detectable count of tumour cells in the filtered salvaged

blood samples or even salvaged blood samples was sig-

nificantly less than the number of CTCs in the samples

from corresponding patient’s circulation. Hence, it was

concluded that for a particular patient, the number of CTCs

in the salvaged blood was always significantly lower than

the CTC load in the patient’s circulation at any time point.

The safety of transfusion of salvaged blood was supported

by this crucial fact.

Despite demonstrating a reduced tumour cell count in the

salvaged blood, some skeptical surgeons remain concerned

about the presence of even a single cancer cell in the sal-

vaged blood which may be capable of seeding, replicating

and presenting as newer secondary metastases. Concerns

about the presence of trace counts of CTCs may be due to

several literature which suggested that the presence of one or

more CTCs per 7.5 ml of blood is an independent predictor

of relapse and death in chemonaı̈ve patients with non-

metastatic cancer [21]. Other studies also identified that both

progression-free and overall survival were worse in patients

with one or more CTCs [22, 23]. Lucci et al. suggested that

assessment of CTCs might provide important prognostic

information in these patients [21].

Our present study provided the evidence which showed

the absence of significant counts of viable CTCs in the

samples taken from salvaged blood as well as salvaged and

filtered blood (i.e., stage D and E, respectively). Several

samples obtained from patients’ circulation at two different

time points (baseline CTC group) yielded positive cultures

in 4 out of 12 patients (33 %). The statistical analysis also

Fig. 2 Representative images

of cultures after 2 weeks.

Positive samples developed

clusters (left) while negative

samples were reduced to cell

debris or blood cells (right)

Hoechst (Nuclei) Cytokeratin (CTC) CD45 (Leucocyte)

Fig. 3 Immunostaining with pan-cytokeratin (CK)-Fluorescein isothiocyanate (FITC), CD45-Allophycocyanin (APC) and Hoechst 33342 dye

of cultured cells: Hoechst (nuclei) CTC and leucocyte, cytokeratin CTC, CD45 leucocyte
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revealed that the difference between the proportion of

patients with formation of tumour clusters in their samples

in the baseline CTC group was significantly different from

that in either stage D or E (the samples from salvaged

blood or salvaged and filtered blood). These findings

proved our hypothesis to be correct. We envisaged that the

cancer cells, which leave the surgical field to be processed

by the IOCS machine, can get physically damaged and

would lose viability due to possible injury to the cell

membrane during centrifugation and filtration. Hence, we

can conclude that any residual cancer cells, which are

present in the salvaged blood, may be non-viable, thereby

incapable of seeding and replicating. This will support safe

reinfusion of salvaged blood even without filtration using

LDF.

Our findings were in line with those from a previous

study on gynae-oncology conducted by Catling et al. In

that study, the authors noted that only fragmented cyto-

plasmic debris from labelled cells was detectable in the

reservoir, pre-filter and post-filter samples, indicating

destruction of the labelled cells during the cell salvage

process. This also matched with our observation from

previous cell block study [7] where the majority of cell

blocks generated from salvaged and filtered blood had

cytoplasmic debris with no viable nuclei.

It is well known that the metastatic process is complex,

requiring not only adequate number of cells but also via-

bility of CTCs in a good milieu. The pathogenesis of

metastasis involves a series of steps dependent on both

intrinsic properties of tumour cells and host response [24].

It also requires congenial organs supporting the suggested

philosophy of ‘‘dependence of the seed upon the soil’’ [25].

For cancer cells to metastasise, they must successfully

complete the sequential steps to give rise to a metastatic

tumour. These steps comprise dissemination of cancer cells

in the blood stream, survival in the circulation, extravasa-

tion into the metastatic site, and the expression of the

appropriate cell surface receptors to form clinically

detectable metastases [26–30]. As indicated by the results

of our present study, it is unlikely that the tumour cells that

have passed through the cell saver will be capable of

completing these steps since they would have encountered

several physical barriers during processing which affects

their viability. These non-viable cells may not have

appropriate morphological features to effectually form

metastatic disease. In addition, they would not be in suf-

ficient numbers to result in effective metastasis. Kar-

czewski and colleagues [31] indicated that after processing

with IOCS device, 62 % of tumour cells in the blood suf-

fered lethal trauma and the remaining tumour cells had

morphological changes. The above may explain why the

patients who received salvaged blood had no significant

difference in distant metastatic rate as compared to those

who received other forms of blood transfusion in previous

clinical studies [8, 10–12, 32–35] where the safety of sal-

vaged blood was evaluated in actual clinical application.

In our study, microwell-based culture assay was used to

evaluate the presence of viable and proliferative cancer

cells in salvaged blood. In a previous study [17], it was

demonstrated that the microwell-based assay could estab-

lish positive cultures in[60 % of all samples (advanced

metastatic to early stage; n = 226) taken at various time

points in treatment and the ability of CTC-containing

cluster formation was reduced in blood samples from

patients under a longer period of systemic therapy (pre-

treatment: 39/44 (88.6 %);[5 weeks post-treatment: 26/61

(42.6 %), P\ 0.001). Hence, CTC cluster formation can

be affected by the presence and duration of systemic

therapy, and its persistence may reflect therapeutic

resistance.

Our study is the first prospective observational study

looking at viability of cancer cells in salvaged blood using

an innovative microwell-based culture technique despite

having a small sample size. Presently, there is no

prospective randomised trial on evaluating the reinfusion

of salvaged blood in patients undergoing MSTS. There has

been a randomised controlled trial in scoliosis surgery

where the authors found that the use of salvaged blood

significantly reduced the need for allogeneic blood in spine

deformity surgery [36]. Our study strongly suggests that

a prospective clinical reinfusion study will provide more

warranted results, which might lead to newer approaches in

blood management during MSTS and further in muscu-

loskeletal oncological surgeries.

Conclusions

Our study showed that none of the samples from salvaged

blood as well as salvaged and filtered blood generated

clusters after culture, suggesting the absence of viable

cancer cells after IOCS or IOCS-LDF processing. This

supports the hypothesis that these cells have lost their

metastatic capability making allowance for safety of sal-

vaged blood transfusion in metastatic spine tumour

surgery.
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