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Abstract
Evidence from a variety of sources indicate that allogeneic blood transfusions can induce clinically significant
immunosuppression, as well as other effects, in recipients. This clinical syndrome is generally referred to in the Transfusion
Medicine literature as transfusion-associated immunomodulation, or TRIM. TRIM has been linked to an improved clinical
outcome in the setting of renal allograft transplantation. Possible deleterious TRIM-associated effects include an increased
rate of cancer recurrence and of post-operative bacterial infection. The recognition that TRIM can increase morbidity and
mortality in allogeneically transfused individuals has become a major concern for those involved in Transfusion Medicine.
However, based on available randomized controlled trials, whether TRIM predisposes recipients to increased risk for cancer
recurrence and/or bacterial infection is still unproven. In contrast, data from experimental animal studies suggest that TRIM
is an immunologically mediated biological effect, associated with the transfusion of allogeneic leukocytes; an effect, which can
be completely ameliorated by the pre-storage leukoreduction of blood products. Relevantly, several (n�/5) recent large
observational trials have provided important evidence for the existence of deleterious TRIM and related effects (mortality and
organ dysfunction) of leukocyte-containing allogeneic cellular blood products. These latter data suggest that allogeneic blood
product transfusions, containing leukocytes, are associated with an increased risk both for mortality, and organ dysfunction in
recipients.

Introduction

The transfusion of allogeneic blood products results

in the recipients being exposed to large amounts of

foreign antigens (alloantigens) in both the soluble and

the cell-associated form. The presence of these

alloantigens in the circulation can create conditions

for a variety of possible immunological responses,

which include both alloimmunization and the down-

regulation of immune responses. The latter effect

generally has been referred to in the literature as

transfusion-associated immunomodulation, or

TRIM. TRIM has been associated with alterations

in immune function in allogeneic transfusion recipi-

ents, including: decreased helper to suppressor

T-lymphocyte ratio; decreased NK cell function;

defective antigen presentation; and reduction in cell

mediated immunity [1�/4].

Clinical evidence for the existence of TRIM was

initially reported in 1973. In their seminal study,

Opelz et al. provided evidence, counter-intuitive at

the time, that recipients of allogeneic blood transfu-

sions had improved renal allograft survival [5]. Sub-

sequent clinical studies, as well as data from

experimental animals studies corroborated these find-

ings. In fact, in the early 1980s, allogeneic blood

transfusions were often administered deliberately to

renal allograft recipients in order to try to delay, or

prevent, the rejection of the renal allograft [6].

It is particularly noteworthy that although the

TRIM effect was widely accepted to improve renal

allograft survival in renal transplant recipients in the

early 1980s, the practice of using allogeneic blood

transfusions as a therapeutic modality in renal trans-

plant patients has generally not seen widespread use.

This was both because of concern that allogeneic

blood products might be associated with the transmis-

sion of viral infections (i.e. HIV, HCV etc.) and the

availability of increasingly effective immunosuppres-

sive agents; the latter potentially mitigating the need

for the TRIM effect.

Nonetheless, Opelz et al. have reported a clear-cut

beneficial effect of allogeneic blood transfusion in
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renal allograft recipients receiving contemporary im-

munosuppressive therapy [7]. In a collaborative study

involving 14 renal transplant centers in Europe and

North America, prospective renal allograft recipients

of cadaveric allografts (n�/423) were randomized to

receive either three unmodified allogeneic red blood

cell (RBC) transfusions, or no transfusions. The one-

year renal allograft survival rate was 90% in the

recipients of the allogeneic RBCs vs. 82% in those

renal allograft recipients who did not receive any

allogeneic transfusions (P�/0.02). At 5 years, the

corresponding renal allograft survival rates were

79% vs. 70% (P�/0.025) [7].

On the basis of the TRIM effect observed in renal

allograft recipients, Gantt raised the intriguing ques-

tion, in 1981, as to whether the TRIM effect might

also be associated with an increased risk of cancer

recurrence in patients undergoing surgery for resec-

tion of a malignancy [8]. Gantt’s hypothesis was based

on the premise that, if allogeneic blood transfusion

down-regulated the host’s immune surveillance me-

chanisms that might target malignant cells, the TRIM

effect could thus enhance tumor growth in patients

with a malignancy. A corollary of Gantt’s hypothesis is

that if allogeneic blood transfusions do indeed cause

immunosuppression in a transfusion recipient, then

such recipients could be at increased risk also for

various infections, particularly post-operative bacter-

ial infections.

Since 1980, more than 150 studies have examined

the potential association between peri-operative allo-

geneic blood transfusions and either cancer recur-

rence and/or post-operative bacterial infections. Most

of these studies are observational cohort studies

comparing patients who received allogeneic transfu-

sions with those that were not transfused [9,10]. In

addition, 7 randomized control trials (RCTs) have

compared the risk of cancer recurrence and/or post-

operative infection in recipients of allogeneic blood

transfusions compared to control subjects who did not

[11].

Allogeneic blood transfusions and tumor growth

Studies in humans

As indicated above, most of the available data relating

TRIM to tumor growth promotion are from non-

randomized studies. These have been summarized

elsewhere [4,9,11]. Of the available reports, approxi-

mately 50% of the non-randomized, mostly retro-

spective, studies indicate that allogeneic blood

transfusions have an adverse affect on tumor-related

prognosis. However, in the remaining studies no effect

was observed [4,9].

The available observational studies usually com-

pared the incidence of cancer recurrence, death due to

cancer recurrence, and/or overall mortality between

patients undergoing cancer resection or who did or

did not receive an allogeneic transfusion [9,12�/14].

These studies indicate that patients having allogeneic

transfusions (compared with those not having such a

transfusion) had a higher incidence of cancer recur-

rence, or death due to cancer recurrence; as well as a

shorter overall survival after the cancer resection

operation. These also indicate that patients receiving

allogeneic transfusions generally differed from those

not receiving such transfusions. These differences

included several potentially important prognostic

features, including: clinical stage of the malignancy;

size, histological grade, and type of tumor; patient

age; preoperative hemoglobin; duration and extent of

surgery; amount of peri-operative blood loss; and the

frequency of chronic systemic illness, such as con-

gestive heart failure, lung disease, liver disease, kidney

failure, or diabetes mellitus [9,10,15].

The latter caveats have led various investigators to

different interpretations. Some investigators still con-

cluded that peri-operative allogenic blood transfu-

sions had a direct deleterious effect on allogeneic

transfusion recipients [13]. Other investigators con-

cluded that the allogeneic blood transfusions were

simply a surrogate marker for a variety of adverse

prognostic factors, as well as other variables that

necessitated the need for peri-operative allogeneic

transfusions in the first instance [10].

In some of the reported observational studies, the

reporting authors used multivariant regression analysis

to try to adjust for the effects of possible confounding

factors. However, for most of the published observa-

tional studies, important potential confounding factors

were not adequately dealt with by the investigators

[11]. Thus, the TRIM effects reported as being

‘‘independent’’ by many teams of investigators may

not be free of the effects of known confounding factors.

These caveats notwithstanding, allogeneic blood trans-

fusions often emerged in these studies as the leading

predictor of cancer recurrence and cancer associated

mortality in patients with a malignancy [11].

There have been three RCTs that compared the

incidence of cancer recurrence in recipients of buffy-

coat-reduced allogeneic RBCs with that of recipients of

control blood [16�/18]. All three studies enrolled

patients undergoing colorectal cancer resection. The

proportion of patients having allogeneic transfusions

varied from 58% to 64% amongst the studies. The

proportion of patients developing recurrent cancer

varied from 23% to 25.5%. The findings of these 3

RCTs were combined in two meta-analyses [19,20]

and the summary odds ratio (OR) of cancer recurrence

in the allogeneic transfusion group compared to the

control group, across the three studies, was 1.04 (95%

CI, 0.81 to 1.35; P �/0.05) in one study [19]. In the

other, the summary OR of death due to cancer

recurrence was 0.98 (95% CI, 0.76 to 1.26; P �/

0.05) [20].
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It is important to note that, for ethical reasons, it is

impossible to perform an RCT in which patients are

randomly allocated not to receive an allogeneic blood

transfusion or always to receive an allogeneic blood

transfusion. However, it would be possible to rando-

mize prospectively patients, who are required to

receive allogeneic blood products, to receive different

allogeneic blood products (i.e. leukoreduced vs. non-

leukoreduced); at least in those countries that have

not yet introduced universal leukoreduction.

It is important to note that the three RCTs men-

tioned above were all done in Western Europe [16�/

18]. The standard issue (since the early 1990s) of

allogeneic RBCs in Western Europe has been as buffy-

coat-reduced products. Buffy-coat-reduced cellular

blood products have 70�/80% of the allogeneic donor

leukocytes removed. Thus, in two of these studies, the

investigators compared outcomes of autologous blood

to that seen in recipients of buffy-coat-reduced allo-

geneic RBCs. In the third study, the effect of buffy-

coat-reduced allogeneic blood was compared with that

seen in buffy-coat-reduced autologous blood.

Animal studies

The tumor growth promoting effect of allogeneic

blood transfusions has also been studied in various

experimental animal models [21]. Data from both

inbred and outbred experimental animal models

indicate that the tumor growth-promoting effect of

allogeneic blood transfusions is an immunologically

mediated biological phenomenon that is related to the

presence of allogeneic donor leukocytes in the trans-

fused blood product [21�/23]. Moreover, these studies

show that the tumor growth-promoting effect can be

ameliorated by the pre-storage leukoreduction of the

transfused allogeneic blood. Post-storage leukoreduc-

tion of the allogeneic blood was not as effective in

ameliorating this effect [23].

To examine for the possible role of buffy-coat

reduction on the allogeneic tumor growth-promoting

effect of allogeneic blood, studies were done in the

author’s laboratory, in experimental animals, which

examined this effect. In these studies, the tumor-

growth promoting effect of non-buffy-coat reduced

allogeneic whole blood was compared with that seen

with allogeneic blood, which was buffy-coat poor. A

significant reduction in the median number of pul-

monary nodules was seen in rabbits that had received

buffy-coat poor allogeneic blood, compared to that

seen in recipients of unmodified allogeneic whole

blood (34.0 vs. 74.0; P B/0.0001) [4]. However, the

ameliorative effect of buffy-coat reduction was not

complete, in that the median number of pulmonary

nodules seen with buffy-coat-depleted whole blood

was greater than that seen in animals that received 3

log10 pre-storage leukoreduced allogeneic whole

blood, or those that did not receive any allogeneic

whole blood (34.0 vs. 23.5 vs. 21.5) [4]. These data

therefore indicate that the buffy-coat reduction of

allogeneic blood has a significant ameliorating effect

on tumor growth in allogeneic transfusion recipients,

at least in rabbits.

Allogeneic blood transfusions and the risk of

bacterial infection

The association between peri-operative allogeneic

blood transfusion and the possibility of increased risk

of post-operative bacterial infection following surgery

has been reported in many observational studies. The

available studies have been summarized elsewhere and

indicate a possible association between allogeneic

blood transfusion and post-operative infection [11].

Until recently, the various observational studies

reporting an association between allogeneic blood

transfusions and increased risk for post-operative

infection were not adjusted for the effects of severity

of illness and/or for the various risk factors for post-

operative infection at specific sites. Some investigators

partially accounted for the effects of confounding

variables by excluding certain types of infection, such

as urinary tract infections from the definition of post-

operative infection. However, adjustments for the

effects of all the possible confounding factors, in

combination, has rarely been presented in the litera-

ture [11].

Recently there have been three large observational

studies reported in which the authors attempted to

adjust for many of the potential confounding vari-

ables. Thus, Carson et al. conducted a retrospective

cohort study of 9,598 consecutive patients with hip

fractures, who underwent surgical repair between

1983 and 1993, at twenty hospitals across the US.

The primary outcome variable was serious bacterial

infection defined as bacteremia, pneumonia, deep

wound infection, or septic arthritis/osteomyelitis.

The adjusted relative risk of serious post-operative

infection associated with allogeneic transfusions was

calculated to be 1.43 (95% CI, 1.16 to 1.78; P�/

0.001) [24].

Similarly, Chang et al. analyzed a database of 1,349

patients, undergoing elective colorectal surgery for

various diseases of the colon or rectum at 11

Canadian University hospitals. Ten prognostic vari-

ables were found to be associated with both transfu-

sion and post-operative wound infection, with the

final regression model adjusting for four of these

confounders. In this study, allogeneic blood transfu-

sions were found to be a significant independent

predictor of post-operative wound infection (OR�/

1.18; 95% CI, 1.05 to 1.33; P�/0.007) [25].

Finally, Vamvakas and Carven reported a retro-

spective cohort study of 416 consecutive patients

admitted to one hospital for coronary artery bypass

surgery [26]. The outcome variable was limited to
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post-operative wound infection, or pneumonia, and

adjustment was made for the effects of chronic

systemic illness and specific risk factors for wound

infection and/or pneumonia. In this latter study the

adjusted risk of post-operative infection or pneumonia

increased by 6% per unit of allogeneic RBCs and/or

platelets transfused (P�/0.0284), or by 43% per

patient receiving a mean transfusion dose of 7.2 units

of RBCs and/or platelets [26].

There have been 7 RCTs reported that have

compared the incidence of post-operative infection

between recipients of buffy-coat-reduced RBCs, stan-

dard allogeneic RBCs, or whole blood; with recipients

of autologous, WBC-reduced buffy-coat-reduced al-

logeneic RBCs, or whole blood [11]. These seven

studies are statistically very heterogeneous. Thus,

when all seven studies were considered together, to

be included in a potential meta-analysis, the prob-

ability that the disagreements about the findings

might have arisen by chance was smaller than 1 per

10,000 [11]. Two studies [27,28] reported a signifi-

cant (P B/0.05) TRIM effect, two studies [29,20]

reported a marginally significant (P B/0.10) TRIM

effect and three studies did not detect any TRIM

effect. More importantly, the variation in the results of

these 7 RCTs range from a 7.3-fold increase in the

risk of post-operative infection to no effect. The

various characteristics of these seven studies are

extensively examined elsewhere and the final conclu-

sion is that these seven studies do not show unanimity

of a TRIM effect and thus cannot be combined in a

meta-analysis [11,31,32].

To try to explain the disagreements among the 7

RCTs, Blajchman [31] & Vamvakas and Blajchman

[32] proposed a meta-analysis of the 7 RCTs using

individual patient data (IPD). Such an analysis,

usually is referred to as an IPD-meta-analysis, would

require the re-coding of the raw data prospectively by

the authors of the 7 RCTs, using a common patient

data form; as well as the collection of additional data

through a retrospective review of the medical records

of all the patients who were enrolled in the original

seven studies. The additional information would be

required in order to try to explain and redeem

possible disagreements amongst the various studies.

Such information would probably highlight differ-

ences in severity of illness, or application of diagnostic

criteria for post-operative infection, between the

treatment and the control arms of the various studies;

thus allowing the meta-analysts to assess the possible

effects of bias and confounding. Such an IPD-meta

analysis is yet to be done.

Post-operative mortality and organ dysfunction

following allogeneic transfusions

In addition to showing a possible association between

allogeneic blood transfusion and post-operative infec-

tion, the study of van de Watering et al. from Leiden

detected an unexpected association between WBC

containing allogeneic blood transfusion and post-

operative mortality (This was not the primary end-

point) [30]. Twenty-four of 306 cardiac surgery

patients (7.8%) having allogeneic blood transfusions

consisting of buffy-coat-reduced RBCs died,

compared with 11 of 305 patients (3.6%) receiving

buffy-coat-reduced RBCs that were also WBC-

reduced (by filtration) before storage. The mortality

was 10 out of 303 (3.3%) in a third arm receiving

buffy-coat-reduced RBCs that were WBC reduced

after storage. This overall difference in 60-day mor-

tality was due to a highly significant (P�/0.001)

difference amongst the three arms.

Nonetheless, because this study had not been

designed a priori to investigate post-operative mortal-

ity as a primary, or even as a secondary outcome; this

group of investigators performed a second study�/an

RCT that specifically tested the hypothesis that WBC-

reduction by pre-storage leukocyte filtration reduces

post-operative mortality and/or post-operative multi-

organ failure. Thus, between 1999 and 2001, 496

complex cardiac surgery patients were randomized to

receive either buffy-coat-reduced RBCs, or WBC-

leukoreduced (by filtration) buffy-coat-reduced

RBCs. The primary end-point of this study was

mortality at 90 days. Secondary endpoints included

in-hospital mortality, multiple organ dysfunction,

infections and hospital stay. The difference in mor-

tality at 90 days was not statistically significant

(12.7% vs. 8.4%; odds ratio 1.52; 95% confidence

intervals were 0.84 to 2.73). Recipients of buffy-coat

reduced RBCs were found to be twice as likely (P�/

0.05) to die within 60 days of their cardiac operation

compared to recipients of WBC reduced RBCs

(10.1% vs. 5.5%) [33]. Interestingly, there was no

difference in hospital length of stay (13.8 vs. 13.3

days) between the two arms of this study.

It is noteworthy that a recent double blind RCT

from the US has been reported, also in patients

undergoing elective cardiac surgery. 562 patients

undergoing cardiopulmonary bypass surgery in 3

hospitals were randomized to receive either prestorage

leukoreduced RBCs or standard not leukoreduced

RBCs. The leukoreduced RBC cohort (n�/304)

showed a lower 60-day mortality (the primary end-

point) than that seen in the standard RBC cohort

(n�/258) (4.9% vs. 9.7%; P�/0.029). This data has

only thus far been reported in an abstract, [24] but is

similar to that reported in the two Dutch studies

[30,33].

Recently, the results of two before/after studies

which were done in Canada where universal leukor-

eduction (ULR) was introduced in 1999, have been

reported [35,36]. Both studies show a beneficial effect

of leukoreduction on recipient mortality and/or evi-

dence of organ dysfunction. In one of these studies,
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14,786 adult patients were evaluated, who received

leukoreduced RBC transfusions following cardiac

surgery, repair of a hip fracture, or required intensive

care following a surgical intervention [35]. Those

patients who received leukoreduced RBCs (n�/7804)

had a lower mortality rate (6.19% vs. 7.03%; P�/

0.04) than those who received non-leukoreduced

RBCs (n�/6982). However, serious nosocomial in-

fections were not shown to be lower in the leukor-

educed cohort (P�/0.63) [35]. It should be noted that

the relative difference in mortality between the two

groups in this study is 13.6%.

In the second study, [36] in 515 premature low

birth weight neonates weighing less than 1250 grams,

the leukoreduced cohort (n�/246) was shown to be

associated with a lower risk for bacteremia (OR�/

0.59; 95% CI: 0.34�/1.01), bronchopulmonary dys-

plasia (OR�/0.42; 95% CI: 0.25�/0.70), retinopathy

of prematurity (OR�/0.56; 95% CI: 0.33�/0.93),

necrotizing enterocolitis (OR�/0.39; 95% CI: 0.17�/

090), and intraventricular brain hemorrhage (OR�/

0.65; 95% CI: 0.35�/119). In this latter study both the

crude and the adjusted rates for these outcomes

indicate that leukoreduction is associated with im-

proved clinical outcome and reduced neonatal ICU

length of stay [36].

Relevantly, a meta-analysis was recently undertaken

to examine whether an association exists between

allogeneic blood transfusions and mortality [37]. An

association between allogeneic transfusions and mor-

tality was not detected across all clinical settings;

however, subgroup analysis suggested that there was

an association between WBC-containing allogeneic

blood transfusions and short-term mortality in cardiac

patients undergoing open-heart surgery [37].

Whether such results justify the institution of ULR

of all blood products for all allogeneic blood recipients

still remains open to debate.

Conclusions

A causal relationship between allogeneic blood trans-

fusions and cancer recurrence and/or post-operative

infections appear to be indicated by the observational

studies reported between 1985 and 2000, but not by

the available RCTs [9,11,31,32]. Specifically, the

available RCTs (n�/3) provide no indication that

peri-operative allogeneic blood transfusion causes

an increase in cancer recurrence or death due to

cancer recurrence, at least in patients with colorectal

cancer [11].

With regard to the issue of possible TRIM asso-

ciated post-operative infection, the available observa-

tional studies support the hypothesis of an increased

risk of post-operative infection in recipients of allo-

geneic blood transfusions compared to patients who

have not been transfused [11,24�/26]. However, it is

impossible to determine from the available data

whether some of the increased risk of post-operative

infection seen in association with allogeneic blood

transfusions would persist if the effects of patient

selection bias, observation bias, and/or the other

clinically relevant confounding factors for bacterial

infection were to be removed completely. In this

regard it is important to note that the RCTs investi-

gating the association between peri-operative allo-

geneic blood transfusion with post-operative infection

were either unblinded or single-blinded. No double-

blind RCTs addressing this question have been done!

Moreover, because the diagnosis of nosocomial infec-

tions is often subjective, observation bias may be an

important concern for several of these RCTs. Lastly,

the available RCTs did not present sufficient informa-

tion about severity of illness, or the distribution of risk

factors for post-operative infection. In the absence of

such information, the possible contributions of con-

founding factors and/or bias cannot be excluded from

the available RCTs [11].

One possible explanation for the disagreements

among the available RCTs investigating the possible

impact of TRIM on infection may be that the TRIM

effect is quite small (i.e. less than 10%) [11]. Such a

small effect would not be detected consistently,

particularly in small studies, and its detection would

be highly dependent on both the size and the

particular design of each individual study. Thus, to

detect a 10% difference in the risk of a post-operative

infection between treatment and control arms of equal

size, 20,000 (10,000 per arm) patients would be

required, if the overall infection rate were 20%, and

if half of the enrolled patients did not receive any

allogeneic transfusions. Therefore, the data from the

available RCTs, which together comprise just over

3,000 patients, are likely insufficient for the determi-

nation of a small adverse TRIM effect. In fact, in this

author’s opinion, it is unlikely that an RCT of

sufficient power, capable of detecting a TRIM effect

of 10% or less, will ever be conducted! [11,31] It may

be relevant, therefore, that the recently reported non-

randomized observational before/after study of the

institution of ULR which reported a 13.6% (P�/0.04)

lower rate of mortality associated with the use of

prestorage leukoreduced transfusions may be the

largest data base available, in this regard [35]. In

other words, this may be as close as we will ever get to

a study of sufficient power to address this question.

Thus, the answer to the question as to whether

ULR is effective in abrogating the TRIM effect is still

unproven [38]. Moreover, the potential implementa-

tion of ULR will leave open the issue as to whether

allogeneic blood transfusions are causally associated

with TRIM. Thus, the issue whether ULR should be

introduced now or await definitive double-blind

RCTs of sufficient power, which examine both the

existence of the deleterious TRIM effect and the

efficacy of WBC reduction in abrogating these effects,
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is still being debated [11,38]. Recently, Vamvakas and

Blajchman presented pro and con arguments relating

to the decision to implement ULR [38]. They

indicated that on the one hand, it is possible to argue

that the decision to implement ULR should be made

on the basis of existing evidence, because better

evidence is unlikely to be forthcoming soon. Alter-

natively, they indicated that one could argue that a

policy decision should not be made until it is possible

to make such a decision based on clear-cut evidence

to warrant the introduction of ULR [38].

Relevantly, the United States Department of Health

and Human Services (DHHS) Advisory Committee

on Blood Safety and Availability (ACBSA) met on

January 25 and 26, 2001 to discuss how the US

Government should respond to the current debate in

the US over the introduction of ULR [39,40].

ACBSA recommended, by a vote of 11 to 2, with 2

abstentions, that ULR should be implemented as

soon as feasible. In separate recommendations,

ACBSA also recommended that the DHHS should

strive to minimize the impact of this recommendation

on the supply of blood components, to ensure

adequate funding for this effort, and to support

continuing research in this area [39].

This decision by ACBSA was taken despite the

knowledge that if ULR were to be implemented in the

US and elsewhere, the question as to whether

deleterious allogeneic blood transfusion TRIM effects

were clinically important would still be open. In fact,

it appears that the DHHS ACBSA recommendation

on ULR was based on the available data indicating

clinical efficacy of ULR for some indications, partial

clinical efficacy of ULR for others, and no clinical

efficacy for others [38,40]. Thus, ACBSA indicated

that if universal WBC reduction were to be intro-

duced in the US, it would still be important to

establish definitively the existence of adverse TRIM

effects and to obtain additional scientific information

about the clinical impact and mechanism of the

TRIM phenomenon.
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