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Abstract

Background: Induction therapy of multiple myeloma patients prior to autologous stem cell transplantatign
has changed from conventional chemotherapy to treatment based on proteasome inhibitors or immunomodulatory
drugs. We used flow cytometry to analyze total monocyte and monocyte subset (classical, intermediate and npn-
classical monocytes) peripheral blood levels before and following auto-transplantation for a consecutive groug of
myeloma patients who had received the presently used induction therapy.

Results:The patients showed normal total monocyte concentrations after induction/stem cell mobilization, but the
concentrations of classical monocytes were increased compared with healthy controls. Melphalan conditioning freduced
the levels of total CDI4s well as classical and non-classical monocytes, whereas intermediate monocytes werg not
affected. Thus, melphalan has a non-random effect on monocyte subsets. Melphalan had a stronger effect on fotal and
classical monocyte concentrations for those patients who d@gvwed induction therapy including immunomodulatofy
drugs. Total monocytes and monocyte subset concentrations decreased during the period of pancytopgnia,
but monocyte reconstitution occurred before hematopoietic reconstitution. However, the fractions of vafious
monocyte subsets varied considerably between patients.

Conclusions: The total level of circulating monocytes is normalizely edter auto-transplaritan for multiple myeloma,
but pre- and post-transplant levels of various monoaysets show considerable variation between patients.
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Background patients usually develop a quantitative posttransplant
Multiple myeloma is usually characterized by prolifera- CD4" T cell defect that lasts for several month$][ The
tion of abnormal plasma cells in the bone marrow and posttransplant innate immune system is less well charac-
secretion of monoclonal immunoglobulin I-3]. Auto- terized, but early reconstitution of monocytes with
logous stem cell transplantation is an established part ofreduced expression of HLA-DR and CD16 together with
early myeloma-stabilizing treatment 4] 5], and the reduced cytokine production has been observed B],
especially decreased release of proinflammatory cytokines
c 5 Tt SGheiseh (e.g. IL-6, TNF- and IL-1 ) [8].
e r oo, Bergen Noway  MONOCYteS constitute up to 10% of total circulating
3section for Hematology, Department of Medicine, Haukeland University peripheral blood leukocytes in healthy individual®][

Hospital, N-5021 Bergen, Norway they can differentiate into macrophages or dendritic cells
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[10] and may also differentiate in endothelial direction no association with age, induction treatment (regimen,
[11). Furthermore, immunomodulatory drugs (IMiDs, number of cycles), response to induction treatment,
e.g. lenalidomide) can induce differentiation towards circulating CD34" cell level at the day of harvesting or
dendritic cells with modulation of the cytokine profile, duration of posttransplant neutropenia/cytopenia (data
the transcriptional regulation and the accessory cellnot shown).
functions [12]. Finally, based on the expression of CD14
(a cell surface co-receptor for lipopolysaccharide) andMyeloma patients show normal peripheral blood
CD16 (the low affinity 1gG receptor) monocytes are now concentrations of total monocytes but decreased levels of
divided into classical (CD1%9" CD16™92"§, inter- classical monocytes prior to high-dose melphalan
mediate (CD14"9" CD16"™) and non-classical The preconditioning peripheral blood concentrations of
(CD14"™ CD16™9") monocytes [3-15. Classical total CD14" monocytes did not differ between the 17
monocytes constitute 90% of the circulating monocytesmyeloma patients (Tabld, patients 2-18) and 17 healthy
in healthy individuals 13, 15, 16]. controls (Fig.1a). However, classical monocyte concentra-
Monocytes seem to be involved in the development oftions were then slightly increased (Figla, p=0.01)
myeloma bone diseasel7-20] through the release of whereas we could not detect any significant differences
soluble mediators that stimulate osteoclastogenesis, antietween patients and controls for intermediate and non-
the presence of non-classical monocytes may be a potenclassical monocytes. The three patients admitted for their
tial marker for increased osteoclast precursor$g 19). second auto-transplantation showed total monocyte and
However, monocytes are also important immunoregula- monocyte subset concentrations within the range for the
tory cells, and they are important for the defense againstpatients admitted for their first transplantation (Figl).
complicating infections in myeloma patients2l-23].  Thus, the effect of mobilization/conditioning on circulat-
Several new drugs have become available during the lashg monocytes is a non-random effect mainly affecting the
decade for the treatment of multiple myeloma, and no classical monocyte subset.
previous studies have investigated the effects of these The total monocyte concentrations prior to the condi-
drugs on the levels of circulating monocyte subsetstioning therapy showed no association with age, induction
before and following auto-transplantation. In the present treatment (regimen, number of cycles), response to induc-
study, we therefore used a highly standardized method+ion treatment, circulating CD34 cell level at the first day
ology to characterize peripheral blood levels of mono-of harvesting or the duration of posttransplant neutro-
cyte subsets in auto-transplanted myeloma patientspenia/cytopenia (data not shown). The same was true for
receiving pre-transplant induction treatment based on classical, intermediate and non-classical monocytes except

proteasome inhibitors and IMiDs. that pre-harvesting CD32 cell levels showed significant
correlations to absolute and relative levels of intermediate

Results (r=0.78p=0.001 andr = 0.75p =0.002, respectively) and

Myeloma patients show decreased concentrations of non-classical monocytesr £0.63/p=0.017 andr =0.61/

circulating total leukocytes prior to high-dose melphalan p=0.047, respectively.

conditioning

We first compared the total leukocyte counts in periph- Myeloma patients are heterogeneous with regard to the

eral blood for myeloma patients (Tabl&, patients 218) preconditioning monocyte subset distribution/percentage

and the healthy controls (12 males and 5 females, mein peripheral blood

dian age 51 years). The patients were tested immediatelWe first compared the relative levels of circulating total
before high-dose melphalan conditioning, i.e. after initial CD14" monocytes (percentage of total leukocytes) and
induction treatment (see Tablel) followed by stem cell the various monocyte subsets (percentage of total mono-
mobilization/collection based on cyclophosphamide plus cytes) for 18 newly diagnosed myeloma patients (Talble
G-CSF. At this time point they showed significantly patients :18) and the 17 healthy controls. The precondi-
decreased total leukocyte counts compared with thetioning percentage of CD14monocytes among total leu-
controls (Fig.1a, p=0.004), and patients receiving their kocytes was increased for the patients; this was expected
first and second auto-transplantation showed a similarsince total leukocyte levels were decreased whereas the
decrease. The decreased leukocyte counts were seenonocyte concentration was not significantly altered
with both analytical methods (flow cytometry with before melphalan conditioning (Fidlb, p=0.013).

counting beads, measurement by clinical hematology The preconditioning percentages of the classical, inter-
instrument), and the levels measured by these twomediate and non-classical monocyte subsets among
methods were significantly correlated (Pearson cor-CD14" monocytes did not differ between patients and
relation coefficient 0.963,p-value 0.0001). The total healthy controls (Fig.1lb). However, the variation range
leukocyte levels prior to melphalan conditioning showed was wider for the patients both for the percentage of
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Table 1 The characteristics of the myeloma patients included in the study

Patient Ag® M- Transplari® Conditioning therapy (drugs, number of cycles) Effect 6D34 Duration of cytopenfa
component Pretransplant treatment Number of cyclégductlon fﬁ:;tmi[ Neutrophils Thrombocytes
of

harvesting
b)

1 60-70 1gG MM Second CVD 4 VGPR 5 2

2 66-70 1gG MM CVvD 4 VGPR 171,270 4 1

3 60-70 I1gA MM Second CVvD 4 VGPR 5 3

4 50-60 1gG MM CVD 5 VGPR 32,180 5 5

5 56-60 1gG MM CVvD 5 PR 48,635 2 1

6 3040 LCD CVD (1), KRD (4) 5 VGPR 70,570 5 3
7 60-70 1gG MM VTD (1), CVD (2) 3 VGPR 218,945 4 2
8 66-70 1gG MM CVD 4 VGPR 90,930 4 4

9 66-70 IgA MM CvD 5 PR 42,285 3 3

10 5660 1gG MM Second PVD 6 PR 5 4

11 5660 IgA MM CVvD 4 VGPR 32,125 5 4
12 66-70 IgA MM Second VRD 4 VGPR 5 2
13 66-70 LCD-L CVvD 4 VGPR 60,410 5 4
14 66-70 1gG MM CVD, VTD, VD (3) 5 VGPR 123,190 6 1
15 66-70 1gG MM VCD 4 PR 37,060 8 5

16 66-70 LCD-K RD 4 VGPR 36,010 4 6
17 5660 IgA-MM CvD 4 VGPR 132,000 4 5
18 66-70 LCD-L CVD (4 before and 2 after harvesting) 6 VGPR 27,690 5 5
19 5660 1gG MM Second CVD 4 VGPR 5 3
20 5060 Amyloid-MM IgG-L CVD (3), VTD (1) 4 185,800 4 2
21 4650 1gG MM CVD (4 before harvesting), VTD (2 after), RD (2 after) 8 VGPR 56,380 4 6
22 5060 LCD-L Second CVD 4 PR 7 5

23 5060 IgG MM Second CVD, VTD, VD (4) 6 PR 5 5
24 5660 LCD-L CVvD 4 VGPR 74,800 3 4
25 60-70 LCD-K Second CVD 4 PR 3 2

Abbreviations: CVD Cyclophosphamide, bortezomib (Velcade®), dexamethas@a®, Light chain disease type lambda (L) or kappa (K)M Multiple myeloma,PR
Partial responseRD Lenalidomide (Revlemide®) plus dexamethasol&PR Very good partial response/RD Bortezomib, lenalidomide (Revlemide®),
dexamethasoneVTD Bortezomib (Velcade®), thalidomide, dexamethasone

 patients undergoing their second auto-transplantation are indicated; the stem cell graft was the same as for the first transplantation for all fretsnts

®) The peripheral blood concentration of CD34cells on the (first) day of harvesting is given; the level is expressed as % délls/mL

° Neutropenia was defined as the time from the first day of neutrophil peripheral blood concentratiord.2 x 1¢/L until the first of three consecutive days with
neutrophils exceeding 0.2 x 1YL or alternatively the first day with neutrophil counts > 10 x 1%L. The duration of thrombocytopenia was defined as the number
of days from the first day of peripheral blood thrombocyte counts below 20 x 2@ until the first day with thrombocyte count above 20 x 1%L without
thrombocyte transfusion

9 The age of patients are grouped

total CD14" monocytes and the three monocyte subsets.monocytes and monocyte subsets showed no significant
Firstly, classical monocytes constituted a majority of theassociations with age, induction treatment, response to
CD14" monocytes (corresponding to > 70%) both for the induction treatment, CD34 cell level at the day of har-
healthy controls and for all except five patients. We alsovesting or time until posttransplant neutrophil/platelet
observed wide variation ranges for the intermediate andreconstitution (data not shown).

non-classical monocyte subsets; exceptional patients

showed intermediate monocyte levels exceeding 15%he concentrations of circulating CD14 monocytes

and non-classical monocytes levels up to 40% of thelecrease early after melphalan conditioning

total CD14" monocytes (Fig.lb). Wide variations were We compared the peripheral blood levels of total leuko-
observed both for patients admitted to their first auto- cytes and CD14 monocytes before the conditioning
transplantation and for the four patients admitted to therapy (day 2) and 2 days later immediately before
their second transplantation. The percentages of totalthe autologous stem cell reinfusion (day 0). Ten patients
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were available for this paired comparison (Table pa- patients receiving inductio treatment with or without
tients 7-9, 11-17), and total leukocyte levels were not IMIDs (i.e. thalidomide, lenkdomide, pomalidomide). A
altered 2 days after the melphalan infusion (i.e. immedi-total of 13 patients were included in this analysis. At
ately before transplantation, see Figa). In contrast, the day 0 (the day of transplantation) patients receiving
concentrations of circulating monocytes were signifi- induction treatment including IMiDs showed decreased
cantly decreased 2 days after the conditioning, and aoncentrations of circulating total monocytes (median
similar decrease was observed when total monocytdevel 0.0023x 1%L with range 0.00%0.01 versus
levels were analyzed by clinical hematology instrument(-0.0061 x 18/L with range 0.003-0.03; p=0.045) and
data not shown) and when using whole-blood staining classical monocytes (median 0.0022 X110 with range
for flow cytometric analysis of CD14 monocytes (Fig. 0.00:0.010 versus 0.0057 x 9. with range 0.0003
2b). A comparable decrease was seen for patients recei\3.016; p=0.046) compared with patients receiving in-
ing their first and the second auto-transplantation, but duction treatment without these drugs). Furthermore,
neutrophil levels were increased for many patients (see¢he absolute and relative levels of total monocytes and
below) so that total leukocyte levels were not signifi- the various monocyte subsets 2 days after the condi-
cantly altered. tioning therapy (i.e. on day O, the day of transplant-

We finally compared the levels of circulating neutro- ation) showed no association with age, response to
phils, total lymphocytes and thrombocytes (estimated byinduction treatment or levels of circulating CD3%cells
clinical hematology instrument) immediately before and at the first day of harvesting (data not shown). Finally,
2 days after melphalan conditioning (Tabl&, patients the day O pretransplant levels of circulating neutrophils,
7-9, 11+17). The neutrophil levels 2 days after melpha- total lymphocytes and thrombocytes did not differ be-
lan were slightly increased (median level 3.6 versus 4.9 xween patients that had received induction therapy with
10%L, p=0.06), whereas lymphocyte (median level 1.0and without IMiDs (data not shown). Thus, the IMiDs
versus 0.2x19L, p=0.002) and thrombocyte levels seem to have a non-random effect on the various
(median levels 225 versus 177 x40, p=0.002) were monocyte subsets that becomes detectable after the
significantly decreased similar to the monocyte levels. melphalan infusion.

Melphalan conditioning causes an early decrease in the The peripheral blood concentrations of all three

percentages of circulating classical and non-classical monocyte subsets show a further decrease during the
monocytes whereas the levels of the intermediate subset  period of severe neutropenia
are not altered We investigated the peripheral blood concentrations of

We compared the peripheral blood percentages of clasthe three monocyte subsets during the period of severe
sical, intermediate and non-classical monocytes at da¥ neutropenia for 8 myeloma patients (Table patients 13,
pre-transplant (i.e. before conditioning) and day O (i.e. be-14, 16, 17, 2424); for five of these patients we could
fore stem cell transplantation) for 10 patients (Fig@c-e; compare the levels immediately before stem cell reinfu-
Table 1 patients 79, 11-17). The concentrations of all sion with the levels during severe cytopenia (patients 13,
three monocyte subsets were decreased for most patient$4, 16, 17, 21). As expected the concentrations of all
2 days after the conditioning, but the difference reachedthree monocyte subsets, especially the classical and
statistical significance only for the classical (Wilcoxsn intermediate subsets, decreased to low levels during
test for paired samplesp =0.002) and non-classical sub- cytopenia (Fig.2). In contrast, the relative levels (i.e.
sets p=0.0039). Thus, melphalan conditioning has a non- percentage among total CDI4monocytes) varied dur-
random early effect on circulating monocyte subsets.ing pancytopenia when tested—-® days after stem cell
However, we observed a wide variation in the percentageeinfusion. All patients showed < 5% intermediate mono-
of the various monocyte subsets among total CD14 cytes, whereas classical monocyte levels varied between
monocytes in preconditioning samples (Fig), and wide 8 and 92% (median 62%) and non-classical monocytes
variations persisted after conditioning both for the clas- also showed a considerable variation (median 18%, range
sical (variation range 4193%), intermediate (248%) and 3-57%).
non-classical (251%) monocyte subsets.

Auto-transplanted myeloma patients show expected early

The early effect of melphalan conditioning on monocyte hematological reconstitution

concentrations differs between patients receiving The levels of circulating total leukocytes, neutrophils
induction treatment with and without and thrombocytes were measured by clinical hematology
immunomodulatory drugs instrument) for all our patients. Neutrophil reconstitu-

IMiDs can alter the monocyte phenotypefl], and we there- tion was defined as the first of 3 days with neutrophils
fore compared the effect of the melphalan conditioning for above 0.2 x 19L. The median time from first day of
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(See figure on previous page.)
Fig. 1 The peripheral blood levels of total leukocytes, total monocytes and monocyte subsets; a comparison between healthy controls and
multiple myeloma patients examined after the initial induction chemotherapy and stem cell harvesting with cyclophosphamide plus G-QSF, i.e.
immediately before conditioning high-dose melphalan therapy (pre-transplart2)a, UPPER FIGURES) We used flow cytometry to estimate
the concentrations of total circulating leukocytes, total CBighocytes and classical, intermediate and non-classical monocyte subset. The
results for 17 patients (Tallepatients 218) were compared with 17 healthy controls (CTR) individuals. Three of the 17 patients received their
second auto-transplantatiot, LOWER FIGURES) The percentage of circulatingn@inbsytes among total leukocytes and the percentages
of classical, intermediate and non-classical monocytes among totalr@@ictytes were estimated. The results for 18 patients (Tapéients
1-18) were compared with the 17 healthy individuals. Four patients received their second auto-transplantation. In all the figures, black |symbols
represent the levels for patients receiving their first auto-transplantation whereas open symbols represent levels for patients receiving their
second transplantation. The Wilcosatest for paired samples was used for statistical analyses andvahees for statistically significant
differences are indicated in the figure

-

neutropenia (i.e. first day with neutrophils 0.2 x 1/L)  below the lower normal limit for six of the eight patients
until neutrophil reconstitution was 4days (range-® (median level 0.7 x 1YL, range 0.26.8 x 1/L). The
days). Furthermore, thrombocyte reconstitution was de-thrombocyte counts for all patients (median 30 x 1,
fined as the first out of three consecutive days withrange 26-52 x 1/L) were also below the lower normal
thrombocyte counts above 20 x 20 in transfusion-  limit. However, even at this early time point only 12
independent patients. The median duration of days post-transplant most patients showed normalized
thrombocytopenia (i.e. thrombocyte levels below 20 x absolute (concentration) and relative (percentage) levels
10%L) was 4 days (range-36 days). Finally, time to neu- of total CD14" monocytes as well as the three monocyte
trophil/thrombocyte reconstitution did not differ be- subsets within the pre-transplant variation range.

tween patients receiving their first or second auto- One of our collaborating local hospitals only investi-
transplantation and showed no significant associationsgated peripheral blood neutrophil but not monocyte
with preconditioning (i.e. day 2) or pre-transplant (i.e. counts at the out-patient evaluations; for this reason

day 0) total monocyte levels. peripheral blood monocyte counts were only available at
later time points for 15 patients. The total monocyte

Auto-transplanted myeloma patients show early count (normal range 0.041.30 x 18/l) was tested early

monocyte reconstitution after neutrophil and platelet reconstitution, and at this

The absolute levels of total monocytes were followedtime point (median time 14 days posttransplant, range

daily during the period of early hematological reconstitu- 14-16) nine patients showed normal and six patients

tion for 24 consecutive patients. The median time from showed increased counts (median 0.95XAQ range

transplantation until the monocyte levels exceeded the0.40-2.1 x 10/l). The total monocyte counts tested at a

lower normal limit (0.04x10/L) was 10days; the later time point (median 30days posttransplant, range

median monocyte level was then 0.23x°D (range 27-39days) showed increased levels for a minority of

0.05-0.78 x 1G/L). The neutrophil levels at the first day four patients (median level 0.97 x 20, range 0.26-

of monocyte normalization were generally below the 1.78 x 1G/L).

lower normal limit (median 0.5 x 18/L, range 0.1:3.8 x

10%L), i.e. for 18 patients the neutrophil levels were still Most patients shows disease stabilization lasting at least

below the lower normal limit. All patients still had 2 years after the first transplantation

severe thrombocytopenia (median 29 x¥0, range 13-  The posttransplant observation time for patients receiv-

38 x 1(/L) at the first day of monocyte normalization. ing their first auto-transplantation was 2736 months

Finally, there was no significant association between pre{median 32 months). Five patients had disease progres-

conditioning or pre-transplant total monocyte levels and sion less than 2years post-transplant, one patient was

time to normalized circulating monocyte levels, and lost from follow-up and all other patients remained in

monocyte normalization did not differ for patients plateau phase during follow-up. Progression-free survival

receiving induction treatment with or without IMiDs less than 2 years showed no association with precondi-

(data not shown). tion (n=16) or pretransplant § = 18) total monocyte or
We compared the absolute and relative levels of vari-monocyte subset levels or with posttransplant time to

ous monocyte subsets at day +10/+ 12 posttransplaninormalized total monocyte levels n(=24) (data not

with the corresponding preconditioning levels (day2); shown).

paired samples were then available only for eight pa-

tients (Fig.3; Table 1 patients 14, 16, 17, 21225). This Discussion

posttransplant time point corresponds to the initial neu- Autologous stem cell transplantation is widely used in

trophil reconstitution, but the neutrophil levels were still the treatment of younger myeloma patients up to 70



Rundgrenet al. BMC Immunology (2019) 20:39

Page 7 of 13

A 1 Absolute numbers of leukocytes
120 (p=0.09)
o 10 .%
& 10%
< 408
10%
10°
10° , , , . . .
-2 0 0 6-8 6-8 10-12  Days post-ASCT
B Absolute numbers of CD14* monocytes
¢ (p=0.004) (p=0.03)
10:; /
RRLE %
s
< 10
et
102
16" . : . ; . :
-2 0 0 6-8 6-8 10-12  Days post-ASCT
C Absolute numbers of classical monocytes CD 1481t CD 1 gNegative
0
11(;-)1 (p =0.002) (p=003)
S 103
< 104
102
108
107 , . . . . .
-2 0 0 6-8  6-8 10-12  Days post-ASCT
D Absolute numbers of intermediate monocytes CD 148"t CD16P™
10"
10"
o 102
eﬂo 10—3 /
102
102
10"
108 . , . , : .
-2 0 0 6-8 6-8 10-12 Days post - ASCT
E Absolute numbers of non-classical monocytes CD14°™ CD 168
10O
161 (p = 0.004) (0=003)
< 102
S 462
x 10—4 o —————0
102 \E
108
107 : ’ . . . .
-2 0 0 6-8 6-8 10-12 Days post - ASCT

Fig. 2 (See legend on next page.)




Rundgrenet al. BMC Immunology (2019) 20:39 Page 8 of 13

(See figure on previous page.)

Fig. 2 The peripheral blood concentrations of total leukocy#sGD14 monocytes f), classicat), intermediated) and non-classicas)(
monocytes in auto-transplanted myeloma patients. We estimated the cell concentrations by flow cytometry. The left parts of each panel show a
comparison of peripheral blood levels before versus 2 days after the conditioning melphalan therai® (desus day 0; Tallepatients 79,
12-18). The middle parts show a comparison of levels at the time of transplantation (day 0) versus the levels during the period of severe
posttransplant melphalan-induced pancytopenia with neutrophils < 0.9/ 48d thrombocyte transfusion dependency (testefl éays
posttransplant; Tablk patients 14, 15, 17, 22, 24). The right panel show the comparison of peripheral blood levels during the severe
pancytopenia versus the levels during initial hematopoietic and immunological reconstitution (test2dldys posttransplant with increasing
neutrophils > 0.2 x L and thrombocyte transfusion independence; Tdhpatients 15, 17, 18,224). The Wilcoxdntest for paired samples
was used for statistical analyses and significant p-values are indicated in the figure (ASCT, autologous stem cell transplantation)

years of ageZ5]. The pre-transplant conditioning ther- after the conditioning (i.e. immediately before stem cell
apy has direct anti-leukemic effects, but previous studiegeinfusion) were decreased compared with the precondi-
suggest that immune-mediated anti-myeloma activity tioning levels. However, the levels of CD14nonocytes
may also contribute to the effect of this therapR¢-28]. were lower than the monocyte levels estimated in the
The lymphoid reconstitution has been investigated in alternative assays, and this difference is probably due to
previous studies 29|, but the monocytes are less well a random loss of cells during the washing steps.
characterized and for many of the previous studies the Our studies included all except one patient from a de-
induction treatment included conventional cytotoxic fined geographic area and during a defined time period;
drugs and not proteasome inhibitors or IMiDs. In our for this reason it should be regarded as a population-
present study, we investigated the levels of circulatingbased study. We could not investigate all patients at every
total monocytes and monocyte subsets in auto-time point during the treatment. However, we would
transplanted myeloma patients. Although our study is emphasize that this was due to practical reasons such as
relatively small, we observed that the pre-transplant in-transfer of patients to their local hospital or long traveling
duction and stem cell mobilization by cyclophosphamide distance from their home to the transplantation center; it
plus G-CSF seemed to have only a minor effect on thewas not because of the disease, the treatment or develop-
preconditioning monocyte levels even though the con- ment of complications. Leukocyte levels show diurnal var-
centration of total circulating leukocytes was decreasediations [33-36€], and for this reason we sampled the
compared with the healthy controls. patients only in the morning, and shipment of samples or
Our present observations will probably not only depend analysis of cryopreserved cells was not possible due to our
on the use of IMiDs and proteasome inhibitors in the in- standardized methods for handling of the sample&¥].
duction treatment but on the overall clinical and bio- Our present study showed that the preconditioning
logical context of our patients. One should emphasize thatpatient levels did not differ from healthy controls, i.e.
the use of cyclophosphamide in stem cell mobilization will the myeloma disease itself, the induction treatment and
probably influence our results. The same may be true forthe stem cell mobilization by cyclophosphamide plus G-
our use of posttransplant G-CSF therapy, e.g. through itSCSF have only minor effects on monocytes except for a
effects on systemic metabolic regulation that influence theslight increase of classical monocytes. In contrast, the
metabolic environment of regenerating hematopoietic and melphalan conditioning seemed to have a nonrandom
immunocompetent cells 30]. Furthermore, studies in effect of the monocyte subsets before an early reconsti-
healthy donors show that G-CSF has a mobilizing effecttution of all three subsets was observed. However, it
on many different immunocompetent cells, including should be emphasized that there is a wide variation
monocytes B1, 32). These effects differ between healthy between patients with regard to the effects of the condi-
donors; they will also influence the levels of immunocom- tioning therapy. A short duration of this monocytopenia
petent cells in the stem cell grafts and possibly also out-is also suggested by previous studi&s §], but our study
come in allotransplant recipients. To the best of our is the first to suggest that this is true also for patients re-
knowledge it is not known whether similar differences ceiving IMiD- or proteasome inhibitor-based induction
exist for auto-transplanted myeloma patients, and unfor- therapy and for different monocyte subsets. Further-
tunately we do not have information about graft levels of more, the studies by Callander et al3§] suggest that
various monocyte subsets for our patients. even though monocyte levels are normalized at day 100
We analyzed the total number of monocytes by two posttransplant, the levels of total CDI4 and
different methodological approaches, i.e. by using aCD14'CD16°""¢%"e¢|assical monocytes are then asso-
hemocytometer and by using flow cytometry to estimate ciated with prolonged progression-free survival after
the levels of CD1% total monocytes. Both these analysesauto-transplantation. Thus, taken together these studies
showed that the preconditioning patient levels did not show that monocyte reconstition occurs early (according
differ from healthy controls, whereas the levels 2 daysto our study very early) after auto-transplantation, but
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Fig. 3 The peripheral blood concentratiors (pper partp = 6) and percentage®( lower partp = 7) of total CD14monocytes and classical,
intermediate and non-classical monocyte subsets in auto-transplanted myeloma patients. Monocyte levels were estimated by flow cytgmetry. We
investigated the levels for a total of eight patients (Tapfetients 15, 17, 18,-22) during initial hematopoietic and immunological
reconstitution (tested :d2 days posttransplant) when the patients showed increasing neutrophils > §/2 &d@ thrombocyte transfusion
independence). Horizontal lines indicate median values afté Hays. The shaded parts of each figure indicate the variation range of the
corresponding peripheral blood levels tested 2 days pre-transplant (referred to-a8)dag. immediately before high-dose melphalan
conditioning therapy. Black symbols represent patients receiving their first auto-transplant, open symbols represent patients receiving their
second auto-transplantation

despite this normalization there is still a relatively wide va- and therapeutic targeting ofLl6/monocytes may therefore
riation between patients and this heterogeneity in monocytebe most effective for those patients with high levels of
(subset) levels seems to persisitil day 100 posttransplant classical monocytes.

and may even have a prognostic impact. The antimyeloma Most of our patients received only 3 or 4 induction cy-
effect of posttransplant monocyte targeting may thereforecles before stem cell transplantation, whereas 6 cycles
vary between patients and depend on the monocyte subsedre now often recommended, especially for patients who
profile. IL6 is regarded as aagssible target in multiple have not received a complete remissior2y 41, 42].
myeloma B9]; monocytes constitute a subset of the bone Alternative induction cycles have also been used in other
marrow stromal cells that are regarded as important regula-studies B3, 41, 42], and future studies have to clarify
tors of both normal and malignant hematopoietic cell4, whether our present results are representative also for
4(]. IL6 is released by monocytes, especially classical mongatients receiving additional cycles or alternative induction
cytes, in response to ligation of various Toll-like receptors,treatment.
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