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Abstract

Background: Multiple myeloma (MM) is a hematologic malignancy that accounts for 1% of all
cancers and 10% of all hematologic malignancies. Autologous stem-cell transplantation (ASCT)
has been the standard treatment of MM in transplantation-eligible patients since the 1990s and its
use has increased in the United States over the last decade. Most clinical trials assessing the
efficacy and safety of ASCT in MM enrolled patients younger age 65 years; however, the safety
and feasibility of performing ASCT in patients with MM older than age 65 has been demonstrated
retrospectively. Retrospective registry data have suggested that a higher hematopoietic stem cell
transplantation comorbidity index score can predict worse outcomes in patients with MM
undergoing ASCT. Most of the randomized studies have included patients younger than 65 years
of age and so it becomes difficult to infer conclusions regarding this matter. Usually, age of
participants is limited to 65 years to avoid selection bias and limit toxicities and withdrawal from
studies. However, this does not mean that ASCT is not feasible in older patients. On the contrary,
it is in select patients.
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Introduction

Multiple myeloma (MM) is a hematologic malignancy that accounts for 1% of all cancers and 10% of all hematologic
malignancies. Autologous stem-cell transplantation (ASCT) has been the standard treatment of MM in transplantation-
eligible patients since the 1990s and its use has increased in the United States over the last decade. (1)

Until the advent of novel agents, traditional chemotherapy was used for induction therapy before ASCT. Several phase
I11 randomized clinical trials (RCTs) were performed comparing chemotherapy with high-dose therapy and ASCT. A
meta-analysis of these trials reported a progression-free survival (PFS) benefit, but not an overall survival (OS) benefit,
with ASCT. (2)

Because of superior response rates, PFS, and OS, standard-of-care induction regimens now include both a proteasome
inhibitor and an immunomodulatory agent for newly diagnosed MM. Induction regimens incorporating novel therapies
have resulted in median PFS of more than 30 months and 5-year OS rates of more than 70%. Phase Ill RCTs
incorporating novel agents into induction therapy have all resulted in superior PFS but only half have demonstrated an
OS benefit. ( 3)
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A meta-analysis of the four RCTs that assessed novel agent induction followed by ASCT revealed a PFS benefit
favoring ASCT (hazard ratio [HR], 0.55; 95% ClI, 0.41 to 0.74; P, .001), but not an OS benefit (HR, 0.76; 95% ClI,
0.42to 1.37; P 5.36). The continued development of more potent next-generation novel therapies, including proteasome
inhibitors, immunomodulatory agents, and monoclonal antibodies, is currently being evaluated in clinical trials as part
of either induction, consolidation, or maintenance therapies to deepen the responses and survival rates achieved by
ASCT. (4)

Eligibility for ASCT

Most clinical trials assessing the efficacy and safety of ASCT in MM enrolled patients younger age 65 years; however,
the safety and feasibility of performing ASCT in patients with MM older than age 65 has been demonstrated
retrospectively. Retrospective registry data have suggested that a higher hematopoietic stem cell transplantation
comorbidity index score can predict worse outcomes in patients with MM undergoing ASCT. (5)

ASCT is generally avoided for patients with an Eastern Cooperative Oncology Group performance status of 3 or 4,
New York Heart Association functional status of class Il or 1V, frank liver cirrhosis, or diffusing capacity for carbon
monoxide less than 50%. (5)

Patient selection should be based on overall health status and organ function rather than just chronologic age. The depth
of response to initial induction therapy is associated with superior depth of response and PFS in the post-ASCT setting.
The Institute for Functional Medicine (IFM) 2005-01 trial, which evaluated 482 patients who underwent induction—
with either bortezomib (V) and dexamethasone (D) vs VAD (vincristine, doxorubicin,dexamethasone) and followed by
ASCT found that patients who achieved a very good partial response or better after induction had a longer PFS
compared with those who achieved a very good partial response after ASCT (41 v 31 months; P 5.01); however, depth
of response is a marker of the biology of MM rather than an independent marker of outcomes. In a retrospective study
of 539 patients who achieved less than a partial response after initial induction therapy, there were no PFS or OS
differences among patients who received additional treatment to deepen response before ASCT compared with those
who proceeded directly to ASCT. As such, depth of response to induction therapy should not dictate eligibility for
ASCT.(6)

Which patients are candidates for ASCT?

There is no consensus regarding an age cutoff beyond which treatment with ASCT becomes questionable and as such,
practice varies across institutions and countries. Generally, HDT/ASCT is reserved for patients younger than 65 years
old with no severe comorbidities..(7)

Patient is over 65 years of age

Most of the randomized studies have included patients younger than 65 years of age and so it becomes difficult to infer
conclusions regarding this matter. Usually, age of participants is limited to 65 years to avoid selection bias and limit
toxicities and withdrawal from studies. However, this does not mean that ASCT is not feasible in older patients. On the
contrary, it is in select patients. (8)

A previous study whereby the median age of patients was 72 years old concluded that elderly multiple myeloma patients
should not be excluded from transplantation as they displa good results with melphalan 140 mg/m?. In the very few
studies that did include older patients, melphalan doses were reduced (100 mg/m? instead of 200 mg/m?) and the
transplant procedure was repeated twice. In a single center’s experience, “young” patients (age range 30-65) who
received high-dose melphalan (HDM/ASCT (200 mg/m?)) and “elderly” patients (age range 66—75) who received two
cycles of HDM/ASCT (100 mg/m?) were compared. (8)

The analysis demonstrated no significant difference in progression-free survival (PFS), OS, or treatment-related
mortality between the two groups and among all subgroups. Interestingly, PFS and OS in “elderly” patients appeared
to improve after 2008, due to the increased incorporation of novel agents in the treatment, thus leading to the conclusion
that the combination of ASCT and novel-based regimens were not subject to the influence of age on treatment
outcome.Currently, in the United States, fit patients up to 75 years old, receive ASCT. On the other hand, in Europe,
autologous transplants go up to the age of 70 off-protocol. The field of transplantation among elderly patients still lags
behind and awaits randomized controlled trials (RCTS) to synthesize solid guidelines.(9)

Patient has renal impairment
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Renal impairment, per se, is not a contraindication to receiving HDT/ASCT. Nonetheless, it is a prompt reason to
consider lower doses of therapy, as patients with renal impairment are more likely to suffer from HDM toxicities.
Studies, including the DAUTOS observational study of the Polish myeloma study group, demonstrated that dialysis-
dependent patients were more likely to develop toxicities and complications such as mucositis and infections, but had
PFS and OS comparable to matched patients with normal renal function. Also, the dose of melphalan mattered, with
patients achieving better outcomes with 200 mg/m?. (4)

Interestingly, a proportion of patients were able to attain dialysis-independence after transplantation. RCTs are yet to
pave the way to guidelines regarding this transplantation scenario.(10)

What is the best induction treatment prior to ASCT?

The role of induction chemotherapy prior to HDT/ASCT is to decrease tumor burden, thus deepening the response rate
and increasing the likelihood of engraftment, while retaining the maximum possible tolerability and minimum possible
toxicity on normal hematopoietic cells. As a result, and prior to the introduction of novel agents, alkylating agents were
avoided during induction, and regimens were dexamethasone-based such as the VAD regimen (vincristine, doxorubicin
and dexamethasone). (9)

With the advent of new drugs, multiple trials have proven the superiority of induction regimens containing one or two
novel agents (thalidomide or bortezomib) over the VAD regimen in increasing CR, CR plus near-complete response
(nCR), or VGPR rates pre- and post ASCT. Trials that compared two-drug (TD: thalidomide—dexamethasone or VD:
bortezomib—-dexamethasone) to three-drug induction (VTD: bortezomib, thalidomide, dexamethasone) have proven
supremacy of the latter combination. (9)

VTD was also proven superior to bortezomib, cyclophosphamide, and dexamethasone (VCD), thus highlighting the
synergistic effect of combining an IMiD with bortezomib and dexamethasone. As such, VTD became a standard
induction regimen, whereby the role of a Pl such as bortezomib is irreplaceable due to its demonstrated usefulness in
high-risk patients. Furthermore, although the general practice is to use 3-4 cycles of VTD before transplant, the use of
6 cycles of VTD was associated with deeper responses. This is to be weighed against increased side effects, specifically
neuropathy, upon administering 6 cycles instead of 3-4.(11)

Similarly, the two-drug regimen, lenalidomide and dexamethasone (RD), was compared to bortezomib, lenalidomide,
and dexamethasone (VRD) whereby VRD resulted in significantly increased PFS, response duration, and OS resulting
in the IFM trial introducing VRD as induction. In addition, the PETHEMAJ/GEM trial investigated induction with
VRD-GEM with full dose lenalidomide from days 1 to 21, demonstrating an ORR of 85% post induction and 58% of
patients achieving MRD-negativity post consolidation.(11)

Daratumumab (DARA), an anti-CD38+ monoclonal antibody, has been evaluated in patients with refractory disease.
The Cassiopeia phase 11 trial and the Griffin phase Il trial compare DARA-VTD to VTD and DARA-VRD to VRD,
respectively, demonstrating hopeful results of adding daratumumab. Daratumumab plus cyclophosphamide,
bortezomib, and dexamethasone (Dara-CyBorD) during induction was investigated in the phase Il Lyra trial. Recent
updates of the trial demonstrate activity and tolerability of Dara-CyBorD irrespective of high-risk cytogenetics with
12-month PFS and OS rates of 87% and 99%, respectively.(12)

Finally, daratumumab is also being combined with carfilzomib, lenalidomide, and dexamethasone (KRD) in a phase Ib
trial, whereby the combined regimen yielded 100% ORR, 91% >VGPR, and 43% >CR, with no negative impact on
stem cell harvesting while retaining consistency of the DARA-KRD safety profile.MRD negativity, defined as the
absence of disease within one million bone marrow cells, has been examined due to its important prognostic value at
different stages of the transplantation process. The depth of response after induction and before ASCT determines
patients’ prognoses after ASCT since the quality of response post induction and prior to ASCT are predictive of long-
term PFS post ASCT. (12)

The final analysis of the IFM2009 prospective trial demonstrated the significance of MRD negativity, whereby patients
achieving MRD negativity after induction with VRD had a similar OS irrespective of whether they received an ASCT
or not. In addition, MRD negativity proved to be a more powerful predictor of outcome than cytogenetics, whereby
patients with high-risk cytogenetics who achieved MRD negativity had better outcomes than patients with standard-

risk cytogenetics who did not. This could mean that MRD could potentially become essential in stratifying patients
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during maintenance and consolidation randomization and when deciding on maintenance duration. With no evidence
that four-drug regimens (IMiD, PI, alkylating agent, and steroid) are superior, VTD and VRD remain the most currently
used pre-transplant induction regimens, awaiting the results of ongoing trials testing the efficacy of adding
daratumumab or the possible substitution of bortezomib with carfilzomib, which has been found to be safe and well
tolerated with exceptional response rates.(13)

Induction HDM+ASCT Mobilization Tandem ASCT Consolidation Maintenance
Until recently VCDATD Yes Cy + G-CSF No consensus VID/VRD Le,';‘:";’:z""“
G-CSF 4/-Cy Lenalidomide
F
Quievuet itandeed il hond Prelixafor for bad mobilizers or high risk No standard until progression

Lenalidomide

DARA-VRD For selected patients? G-CSF +/-Cy +/- hiTPO ’ ‘
Future perspective DARA-KRD High risk/MRD+ Prelbafor for bad mobilizers High risk/MRD+ No standard + PI (xazomib)

for high risk patients

Fig. (1). Evolution of ASCT in multiple myeloma.(36)

What is the best stem cell mobilization procedure prior to ASCT?

A critical and essential step prior to ASCT is mobilization of hematopoietic stem cells (HSC) from the bone marrow to
be harvested in peripheral blood. The minimum CD34+ stem cell dose considered sufficient for successful engraftment
is 2 x 108 cells CD34+/kg, but the optimal target is usually set at 5 x 10® CD34+/kg. This can be done by steady-state
mobilization with granulocyte colony-stimulating factors (G-CSF) or chemo-mobilization by the addition of
chemotherapeutic agent(s). (14)

Currently, two G-CSF cytokines are approved for the mobilization of autologous HSC: filgrastim (10 pg/kg/day for 4—
6 consecutive days and apheresis on days 5 or 6) and lenograstim (10 pg/kg/day for 4—6 days and apheresis between
days 5and 7). (14)

Even though tolerable, the use of G-CSF cytokines can yield suboptimal peripheral HSC harvest. The most commonly
used agent for chemo-mobilization is high-dose cyclophosphamide (2-4 g/m?), followed by filgrastim or lenograstim
(5 pg/kg/day 1-5 days after completion of chemotherapy till last apheresis). (15)

This strategy can potentially decrease tumor burden, but the time to peripheral blood stem cell (PBSC) harvest is
prolonged, with increased side effects. Since some patients fail to mobilize, the addition of new mobilization agents
such as plerixafor, a chemokine-receptor 4 (CXCR4) antagonist, enhanced the stem cell mobilization effect of G-CSF.
Even though proven to be highly effective, plerixafor is not widely available.(15)

Other studies have compared cyclophosphamide to mCVAD (modified cyclophosphamide, vincristine, doxorubicin
and dexamethasone) and mCBAD (modified cyclophosphamide, bortezomib, doxorubicin, and dexamethasone)
concluding that more intense regimens are not superior to cyclophosphamide alone in mobilization. (15)

A randomized phase Il trial compared mobilization with cytarabine (Ara-C) and G-CSF versus G-CSF alone
demonstrating improved yields with the addition of Ara-C, but increased hematologic toxicities. It is noteworthy that
employing lenalidomide in induction has been found to be one of the factors compromising stem cell mobilization
success, mainly due to lenalidomide upregulating CXCR4 and increasing the binding of stem cells to the stroma. A
prospective randomized phase Il sub-study in the Finnish Myeloma Study Group-MMO2 trial compared low-dose
cyclophosphamide (2 mg/m?) plus G-CSF to G-CSF alone for mobilization in patients who have received lenalidomide
during induction. (16)

The addition of cyclophosphamide to G-CSF was superior, although G-CSF could yield similar results in patients
receiving no more than three cycles of VRD. In addition, the addition of plerixafor for mobilization in patients who
received lenalidomide has also been proven effective. As such, with the availability of plerixafor, the prolonged use of
lenalidomide does not hinder stem cell mobilization. Finally, combining human recombinant thrombopoietin (hrTPO)
to G-CSF and cyclophosphamide improved yields compared to cyclophosphamide and G-CSF alone.(16)
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Therefore, the most currently used regimens are either chemo-mobilization with high-dose cyclophosphamide plus G-
CSF or steady-state mobilization alone, with preemptive use of plerixafor when suboptimal mobilization is predicted
by a low circulating CD34 count.(17)

What is the optimal conditioning regimen prior to ASCT?

The current accepted standard for HDT is intravenous high-dose melphalan (200 mg/m?). Previous trials attempting to
replace this with oral and intravenous busulfan have failed, due to increased toxicity and lack of superiority,
respectively. The effect of intravenous busulfan is being studied in a phase Il trial whereby HDM is compared to
busulfan-melphalan (Bu-Mel: busulfan 130 mg/m? daily for 4 days followed by two daily doses of melphalan at
70 mg/m?). The trial has demonstrated increased PFS with Bu-Mel without a significant difference in response rates.
Higher doses of melphalan (>200 mg/m?), which proved useful for patients with primary refractive or relapsing disease
nearly 20 years ago, are also being investigated.(18)

A randomized study comparing conditioning with melphalan 280 to 200 mg/m? while receiving amifostine
demonstrated significantly higher ORR and nCR without an improvement in OS and PFS in patients receiving
melphalan 280 mg/m? at the cost of higher incidence of grade 2-3 mucositis and gastrointestinal toxicities. Another
study demonstrated similar results with deeper responses on melphalan 280 mg/m? without translating into improved
survival.(19)

Bortezomib’s effect in transplant conditioning was investigated when combined with HDM in the IFM 2014-02 phase
I11 study. This showed no superiority of Bortezomib-HDM over HDM alone in terms of response rate, OS or PFS. In
addition, the role of bendamustine added to melphalan as part of conditioning is being explored, highlighting improved
response rates and PFS.As such, HDM remains the standard conditioning regimen prior to ASCT awaiting results of
clinical trials of other conditioning regimens (if any).(20)

What is the impact of consolidation therapy after ASCT?

The aim of short-term consolidation therapy after HDT/ASCT is to improve disease response with limited toxicity.
Incorporating consolidation therapy in patients with a good response after ASCT was found to increase the CR rate and
molecular remission, thus prolonging PFS. The Italian Myeloma study group has previously investigated the effect of
VTD versus TD as induction therapy before and as consolidation therapy after double ASCT, demonstrating VTD’s
superior influence on CR/nearCR rates and PFS. Similarly, VRD proved superiority in consolidation. These trials were
very encouraging; nonetheless, randomized trials were needed to prove impact.(21)

The second randomization in the EMNO02/HO95 trial compared the aftermaths of receiving two cycles of VRD
consolidation followed by lenalidomide versus lenalidomide maintenance alone, demonstrating the significant
advantage VRD consolidation inferred in prolonging PFS. Moreover, PFS was prolonged in most of the predefined
groups in the study including ISS | and I, low-risk cytogenetics, irrespective of whether patients received VMP
(bortezomib, melphalan, and prednisone) or transplantation prior to consolidation. Nonetheless, VRD consolidation
failed to improve PFS in patients with high-risk cytogenetics ((del17p and/or t(4;14) and/or t(14;16)). This confirms
the benefit of VRD consolidation followed by lenalidomide maintenance in younger, newly diagnosed multiple
myeloma patients with low-risk disease.(21)

Along the same line of the EMNO02/HO95 trial, the StaMINA phase IlI trial randomized patients to compare
HDM/ASCT plus VRD consolidation plus lenalidomide maintenance, versus tandem HDM/ASCT plus lenalidomide
maintenance, versus single HDM/ASCT plus lenalidomide maintenance. It concluded that the addition of VRD
consolidation or a tandem ASCT was not superior to standard ASCT followed by lenalidomide in upfront treatment of
newly diagnosed multiple myeloma.With the currently available data, the role of post-transplant consolidation remains
controversial.(15)
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What is the impact of maintenance therapy after ASCT?
Table (1). Lenalidomide maintenance trials.(22)

Study Median follow- N Treatment Outcome
up
Meta- 79.5 months PFS 08
analysis
I[FM 605 Lenalidomide 52.8 months Median OS5 not reached
CALGB 603 Placebo/Observation 23.5 months 86 months
GIMEMA (HR0.48;95% C1 0.41- (HRO0.75;95% CI 0.63-
0.55) 0.9)
Myeloma XI  28.7 months PFS
1136 Lenalidomide 60.3 months
8§34 Observation 30.1 months

(HR 0.47; 95% CI 0.39-
0.57)

Even though HDT/ASCT is the standard frontline treatment for newly diagnosed multiple myeloma patients, ASCT is
not curative, and progressions and relapses are common even if CR is attained post-transplant. Maintenance therapy is
thus added and is expected to be gentle with the safest profile post ASCT, but unlike consolidation, it is administered
long-term to deepen the response, prevent progression, and prolong OS.Thalidomide, having already been used in
different myeloma treatment settings and being an oral agent, has been tested in several randomized trials, most of
which demonstrated benefit in terms of response rates but not OS. (23)

Thalidomide was repeatedly associated with peripheral neuropathy, fatigue, and other side effects, all of which resulted
in patient-reported decreased quality of life despite prolonged duration of disease control. Thus, when used in the
maintenance setting, the dosage and duration should be limited to 100mg daily and 6-12 months,
respectively.Lenalidomide maintenance has been shown to be well tolerated and to dramatically improve PFS and OS.
A recent meta-analysis of three RCTs, CALGB, IFM, and GIMEMA, that compared lenalidomide maintenance to
placebo or observation, has demonstrated clinically valuable results. (23)

Lenalidomide significantly improved PFS in all subgroups of patients regardless of age, myeloma severity and staging,
and induction regimen (52.8 versus 23.5 months), even though patients who had received lenalidomide in induction, or
had achieved a deeper response post-transplant, were more likely to benefit from lenalidomide. OS was also
significantly improved in the lenalidomide arm, except in women older than 60 years with poor cytogenetics. (24)
Overall, the addition of lenalidomide reduced the chance of death by a substantial 25%, thus increasing median survival
by approximately 2.4 years. As demonstrated in previous studies, an increased incidence of second primary
malignancies, albeit modest, was associated with lenalidomide, though the time to death due to a second primary
malignancy did not differ between the two groups. Such results propose lenalidomide as a standard maintenance drug
in transplant-eligible patients. Recent updates of the Myeloma XI trial’s results were in concordance with the meta-
analysis.(25)

So far in previous trials, lenalidomide has been given in low doses until progression or adverse events develop, and this
practice is currently approved by both, FDA and EMA. Given that 30% of cases with premature termination of
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lenalidomide were attributed to toxicities and second primary malignancies, the question that remains is regarding the
optimal duration of treatment with lenalidomide for safety and cost.(26)

Finally, bortezomib was also tested as part of maintenance, either alone or in combination with IMiDs, demonstrating
improved PFS, but not OS. Nonetheless, bortezomib poses an obstacle due to its subcutaneous/i.v. administration. The
first oral PI, ixazomib, is currently being investigated. So far, it appears to have positive effects, with a safety profile
comparable to that of lenalidomide alone, and is manageable by dose reduction. Ixazomib was also compared to placebo
in the multicenter TOURMALINE-MM3 trial with a median follow-up of 31 months, whereby there was a 39%
improvement in PFS and a 28% reduction in progression or death. Ixazomib also allowed for deeper responses to be
achieved.(27)

What is the value of single versus tandem ASCT?

Tandem transplant refers to a planned second course of high-dose therapy and ASCT within 6 months of the first course.
Tandem transplants have been studied in several trials, in the IFM94 trial, patients were randomized to single or tandem
autologous transplant. The probability of EFS for 7 years after the diagnosis was 10% in the single transplant arm
compared to 20% in the double transplant arm. In a subset analyisis, patients not achieving CR or VGPR after first
transplant benefited more from the second transplant. Another trial by Cavo et al found that patients not in CR after the
first transplant benefited the most from second transplant which confirms the results of the IFM94 trial. (28) Therefore,
a tandem transplant is an option for those not achieving at least VGPR after the first transplant

What is the added value of HDT/ASCT in the era of triple novel agent regimens?

With the advent of novel agents, it becomes questionable whether or not HDT/ASCT has any added value at all. The
previously mentioned SWOG S0777 trial compared outcomes of lenalidomide and dexamethasone alone (RD) to
bortezomib, lenalidomide, and dexamethasone (VRD) without an intent to transplant. The results confirmed the
superiority of VRD in increasing PFS, response duration, and OS. As such, it is suggested that VRD alone is not only
safe but has comparable PFS/OS to HDT/ASCT. Trials were thus necessary to compare novel agents in combination
to ASCT to novel agents alone.(29)

A randomized phase Il trial for the IFM2009 was conducted to compare the efficacy of combination therapy with
lenalidomide, bortezomib, and dexamethasone (RVD) alone to RVD plus HDT/ASCT in newly diagnosed multiple
myeloma patients younger than 65 years old. Patients were randomized so as to receive induction therapy with three
cycles of RVD, and then consolidation with either five more cycles of RVD or high-dose melphalan followed by ASCT
and two cycles of RVD. All patients received lenalidomide maintenance for 1 year. (29)

The use of transplantation in addition to novel agents as opposed to RVD alone resulted in significant improvement in
PFS (50 versus 36 months, adjusted HR 0.65), CR rate (59% versus 48%), MRD negativity (79% versus 65%), and
median time to disease progression (50 versus 36 months), with no advantage regarding OS. In the phase IlI
EMNO02/HO95 study mentioned earlier, the first randomization compared the outcomes of HDT/ASCT (single or
double) versus bortezomib—melphalan—prednisone (VMP) after induction with VCD. Even though bortezomib has been
repeatedly shown to increase PFS and OS, upfront ASCT was associated with decreased risk of progression and death
and improved 3-year PFS irrespective of initial prognostic factors.(30)

On the other hand, two studies whereby transplantation was compared to alkylating agent-based regimens and
lenalidomide associated a survival benefit with first-line transplantation. Nonetheless, these trials did not incorporate
bortezomib in their non-transplant arm which could explain the improved OS.The extent of improved PFS in the
transplant arm in both EMNO02/HO95 and IFM2009 trials, likely attributed to a deeper response through increased CR
and MRD rates, suggest that given more observational time, A study could possibly find an improvement in OS as was
the case for lenalidomide maintenance. This is especially relevant given that relapsed patients receive comparable
treatment including a second ASCT and the use of newly introduced agents.(30)

The next challenge is to evaluate the necessity of HDT/ASCT when a monoclonal antibody such as daratumumab is
added to a powerful induction regimen combining an IMiD and a PIl, and whether this strategy can cure a fraction of
patients. As such, a study conclude that ASCT remains first line even in the era of novel agents. The impending
challenge remains whether transplantation will be later substituted by less intensive novel agent combinations or not.(9)

What is the value of early versus late ASCT?
Eur. Chem. Bull. 2023, 12(Special Issue 12),2240 — 2249 2246
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Frontline HDT/ASCT has been the standard for treating newly diagnosed multiple myeloma in young, fit patients and
select elderly patients. Nonetheless, with the advent of present novel therapies, specialists have challenged the notion
that HDT/ASCT should be administered early after diagnosis.(31)

In 1998 before the era of novel agents, A study studied the effect of autologous transplantation timing (early versus
late) on OS. Patients who were randomized into the “early” arm received HDT/ASCT right away and those in the “late”
arm received conventional chemotherapy until progression or relapse whereby they were supported with HDT/ASCT
as well. (31)

There was no difference in OS between the two groups. Time without symptoms, treatment and treatment toxicity
(TWIST) was also evaluated whereby the period spent without chemotherapy was longer in patients who received early
HDT/ASCT, suggesting a clinical benefit of early versus late transplantation. Several retrospective trials failed to
demonstrate benefits in OS when comparing early to late HDT/ASCT, which could be attributed to selection bias
regarding patients in the “late” group.(32)

As previously mentioned for the IFM2009 trial, comparing VRD to VRD plus transplant yielded significantly better
outcome with upfront ASCT in terms of CR rate, PFS, and MRD negativity. This highlights that, even in light of novel
agents which have already been proven to drastically improve treatment outcomes, transplantation could further
improve results. (32)

Nonetheless, OS was not affected by ASCT taking into account that transplantation was only done in two-third of the
cases due to age, progression, and comorbidities, indicating that the benefits of upfront ASCT can be weighed against
the toxicities of chemotherapy and transplantation, especially since late transplantation could secure a similar OS to
early transplantation. As such, in the absence of improvement in OS, delayed ASCT could be an option.(33)

As such, it is safe to conclude that ASCT can improve outcomes whether performed as first line or as a rescue treatment.
Therefore, frontline ASCT remains the standard of treatment for fit, young and select elderly patients with newly
diagnosed multiple myeloma.(34)

What is the role of ASCT as salvage therapy?

Salvage therapy is defined as ASCT given to a patient with signs of disease progression after an earlier ASCT. By the
BSBMT/UKMF Myeloma X trial, salvage ASCT with 200 mg/m? melphalan was superior to cyclophosphamide
400 mg/m? weekly for 12 weeks upon relapse and re-induction with VAD. The time to disease progression (19 versus
11 months) and OS (67 versus 52 months) were significantly in favor of salvage ASCT. As such, ASCT can be
considered for salvage in fit patients if the interval between the first ASCT and relapse is 18 months or more. This
awaits trials that compare salvage ASCT with novel agents including the German comparing salvage ASCT to
lenalidomide/dexamethasone.(35)

References

1. Andronesi, A. G., Tanase, A. D., Sorohan, B. M., Craciun, O. G., Stefan, L., Varady, Z., Lipan, L., Obrisca, B., Truica, A.,
& Ismail, G. (2019). Incidence and risk factors for acute kidney injury following autologous stem cell transplantation
for multiple myeloma. Cancer Medicine, 8(6), 3278—-3285.

2. Rahman, S., Rybicki, L., Ky Hamilton, B., Pohlman, B., Jagadeesh, D., Cober, E., Kalaycio, M., Dean, R., Sobecks, R., &
Mossad, S. B. (2019). Early infectious complications after autologous hematopoietic cell transplantation for multiple
myeloma. Transplant Infectious Disease, 21(4), e13114.

3. Munshi, P.N., Vesole, D., Jurczyszyn, A., Zaucha, J. M., St. Martin, A., Davila, O., Agrawal, V., Badawy, S. M., Battiwalla,
M., & Chhabra, S. (2020). Age no bar: a CIBMTR analysis of elderly patients undergoing autologous hematopoietic cell
transplantation for multiple myeloma. Cancer, 126(23), 5077-5087.

4. D’Souza, A., Brazauskas, R., Stadtmauer, E. A., Pasquini, M. C., Hari, P., Bashey, A., Callander, N., Devine, S., Efebera,
Y., & Ganguly, S. (2023). Trajectories of quality of life recovery and symptom burden after autologous hematopoietic
cell transplantation in multiple myeloma. American Journal of Hematology, 98(1), 140-147.

5. Morg, S., Corvatta, L., Manieri, V. M., Saraceni, F., Scortechini, |., Mancini, G., Fiorentini, A., Olivieri, A., & Offidani, M.
(2022). Autologous stem cell transplantation in multiple myeloma: where are we and where do we want to go? Cells,
11(4), 606.

Eur. Chem. Bull. 2023, 12(Special Issue 12),2240 — 2249 2247



Autologous Stem Cell Transplantation and Multiple Myeloma

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

Section A-Research paper

Karam, D., Gertz, M., Lacy, M., Dispenzieri, A., Hayman, S., Dingli, D., Buadi, F., Kapoor, P., Kourelis, T., & Warsame, R.
(2022). Impact of maintenance therapy post autologous stem cell transplantation for multiple myeloma in early and
delayed transplant. Bone Marrow Transplantation, 57(5), 803—809.

Li, A. Y., Atenafu, E. G., Bernard, R. S., Masih-Khan, E., Reece, D., Franke, N., Tiedemann, R., Prica, A., Trudel, S., &
Kukreti, V. (2020). Toxicity and survival outcomes of autologous stem cell transplant in multiple myeloma patients
with renal insufficiency: an institutional comparison between two eras. Bone Marrow Transplantation, 55(3), 578—
585.

Kazandjian, D., Mo, C. C., Landgren, O., & Richardson, P. G. (2020). The role of high-dose melphalan with autologous
stem-cell transplant in multiple myeloma: is it time for a paradigm shift? British Journal of Haematology, 191(5), 692—
703.

Kumar, L., Ramavath, D., Kataria, B., Tiwari, A., Raj, A., Chellapuram, S. K., Mookerjee, A., Sahoo, R. K., Malik, P. S., &
Sharma, A. (2019). High-dose chemotherapy followed by autologous stem cell transplant for multiple myeloma:
Predictors of long-term outcome. The Indian Journal of Medical Research, 149(6), 730.

Rago, A., Annibali, O., Tomarchio, V., Coppetelli, U., Fazio, F., Cupelli, L., Fiorini, A., Piciocchi, A., Tafuri, A., & Caravita
di Toritto, T. (2022). Autologous stem cell transplantation in multiple myeloma patients over 70 years: A GIMEMA
Lazio Working Group experience in a retrospective case—control study. European Journal of Haematology, 109(3),
250-256.

Oliver-Caldes, A., Soler-Perromat, J. C., Lozano, E., Moreno, D., Bataller, A.,, Mozas, P., Garrote, M., Setoain, X.,
Arostegui, J. 1., & Yagle, J. (2022). Long-Term responders after autologous stem cell transplantation in multiple
myeloma. Frontiers in Oncology, 12, 936993.

Nahi, H., Chrobok, M., Meinke, S., Gran, C., Marquardt, N., Afram, G., Sutlu, T., Gilljam, M., Stellan, B., & Wagner, A.
K. (2022). Autologous NK cells as consolidation therapy following stem cell transplantation in multiple myeloma. Cell
Reports Medicine, 3(2).

Nampoothiri, R. V, Kasudhan, K. S., Patil, A. N., Malhotra, P., Khadwal, A., Prakash, G., Jain, A., Malhotra, S., Verma
Attri, S., & Varma, N. (2019). Impact of frailty, melphalan pharmacokinetics, and pharmacogenetics on outcomes post
autologous hematopoietic cell transplantation for multiple myeloma. Bone Marrow Transplantation, 54(12), 2088—
2095.

Kodad, S. G., Sutherland, H., Limvorapitak, W., Abou Mourad, Y., Barnett, M. J., Forrest, D., Gerrie, A., Hogge, D. E.,
Nantel, S. H., & Narayanan, S. (2019). Outpatient autologous stem cell transplants for multiple myeloma: analysis of
safety and outcomes in a tertiary care center. Clinical Lymphoma Myeloma and Leukemia, 19(12), 784-790.

Mina, R., & Gay, F. (2021). The role of autologous stem-cell transplantation in multiple myeloma in 2021. Current
Opinion in Oncology, 33(6), 642—-647.

Visram, A., Hayman, S. R., Dispenzieri, A., Kapoor, P., Lacy, M. Q., Gertz, M. A,, Buadi, F. K., Dingli, D., Warsame, R., &
Kourelis, T. (2023). A phase 1/2 of carfilzomib and melphalan conditioning for autologous stem cell transplantation
for multiple myeloma (CARAMEL). American Journal of Hematology.

Piriyakhuntorn, P., Tantiworawit, A., Rattanathammethee, T., Hantrakool, S., Chai-Adisaksopha, C., Rattarittamrong,
E., & Norasetthada, L. (2020). Outcomes of non-cryopreserved versus cryopreserved peripheral blood stem cells for
autologous stem cell transplantation in multiple myeloma. Annals of Transplantation, 25, €927084-1.

Dhakal, B., D'Souza, A., Callander, N., Chhabra, S., Fraser, R., Davila, O., Anderson, K., Assal, A., Badawy, S. M., &
Berdeja, J. (2020). Novel prognostic scoring system for autologous hematopoietic cell transplantation in multiple
myeloma. British Journal of Haematology, 191(3), 442—-452.

Malard, F., Battipaglia, G., Gaugler, B., Siblany, L., van de Wyngaert, Z., Bonnin, A., Duléry, R., Banet, A., Stocker, N.,
& Ricard, L. (2023). Microbiota dysbiosis after high-dose melphalan and autologous hematopoietic cell
transplantation in multiple myeloma. Bone Marrow Transplantation, 1-4.

Baertsch, M.-A., Mai, E. K., Hielscher, T., Bertsch, U., Salwender, H. J., Munder, M., Fuhrmann, S., Duehrsen, U.,
Brossart, P., & Neben, K. (2021). Lenalidomide versus bortezomib maintenance after frontline autologous stem cell
transplantation for multiple myeloma. Blood Cancer Journal, 11(1), 1.

Miller, K. C., Gertz, M. A., Buadi, F. K., Hayman, S. R., Lacy, M. Q., Dispenzieri, A. A., Dingli, D., Kapoor, P., Gonsalves,
W. 1., & Kourelis, T. (2019). The impact of re-induction prior to salvage autologous stem cell transplantation in multiple
myeloma. Bone Marrow Transplantation, 54(12), 2039-2050.

Cohen, A. D., Lendvai, N., Nataraj, S., Imai, N., Jungbluth, A. A, Tsakos, I., Rahman, A., Mei, A. H.-C., Singh, H., &
Zarychta, K. (2019). Autologous Lymphocyte Infusion Supports Tumor Antigen Vaccine—Induced Immunity in
Autologous Stem Cell Transplant for Multiple Myeloma. Cancer Immunology Research, 7(4), 658—669.

Moreau, P., Attal, M., Hulin, C., Arnulf, B., Belhadj, K., Benboubker, L., Béné, M. C., Broijl, A., Caillon, H., & Caillot, D.
(2019b). Bortezomib, thalidomide, and dexamethasone with or without daratumumab before and after autologous
stem-cell transplantation for newly diagnosed multiple myeloma (CASSIOPEIA): a randomised, open-label, phase 3
study. The Lancet, 394(10192), 29-38.

Eur. Chem. Bull. 2023, 12(Special Issue 12),2240 — 2249 2248



Autologous Stem Cell Transplantation and Multiple Myeloma

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Section A-Research paper

Nishihori, T., Alsina, M., Ochoa, J., Puglianini, O. A. C., Baz, R., Shain, K. H., Brayer, J. B., Kim, J., Dumala, M., & Turner,
J. G. (2019). The result of a phase 1 study of selinexor in combination with high-dose melphalan and autologous
hematopoietic cell transplantation for multiple myeloma. Blood, 134, 3314.

Blocka, J., Hielscher, T., Goldschmidt, H., & Hillengass, J. (2020). Response improvement rather than response status
after first autologous stem cell transplantation is a significant prognostic factor for survival benefit from tandem
compared with single transplantation in multiple myeloma patients. Biology of Blood and Marrow Transplantation,
26(7), 1280-1287.

Badar, T., Hari, P., Davila, O., Fraser, R., Wirk, B., Dhakal, B., Freytes, C. O., Rodriguez Valdes, C., Lee, C., & Vesole, D.
H. (2021). African Americans with translocation t (11; 14) have superior survival after autologous hematopoietic cell
transplantation for multiple myeloma in comparison with Whites in the United States. Cancer, 127(1), 82-92.
Sweiss, K., Calip, G. S., Johnson, J. J., Rondelli, D., & Patel, P. R. (2019). Pretransplant hemoglobin and creatinine
clearance correlate with treatment-free survival after autologous stem cell transplantation for multiple myeloma.
Bone Marrow Transplantation, 54(12), 2081-2087.

Cavo M, Tosi P, Zamagni E, Cellini C, Tacchetti P, Patriarca F, Di Raimondo F, Volpe E, Ronconi S, Cangini D, Narni F,
Carubelli A, Masini L, Catalano L, Fiacchini M, de Vivo A, Gozzetti A, Lazzaro A, Tura S, Baccarani M. Prospective,
randomized study of single compared with double autologous stem-cell transplantation for multiple myeloma:
Bologna 96 clinical study. J Clin Oncol. 2007 Jun 10;25(17):2434-41. doi: 10.1200/JC0.2006.10.2509. Epub 2007 May
7. PMID: 17485707.

Keruakous, A. R., Asch, A., Aljumaily, R., Zhao, D., & Yuen, C. (2022). Prognostic impact of natural killer cell recovery
on minimal residual disease after autologous stem cell transplantation in multiple myeloma. Transplant Immunology,
71, 101544,

Hagen, P., D'Souza, A., Hari, P., Davila, O., Zhang, M.-J., Vesole, D. H., Smith, S. E., Rodriguez, T. E., & Stiff, P. J. (2020).
Busulfan, melphalan, and bortezomib compared to melphalan as a high dose regimen for autologous hematopoietic
stem cell transplantation in multiple myeloma: long term follow up of a novel high dose regimen. Leukemia &
Lymphoma, 61(14), 3484-3492.

Rodriguez-Lobato, L.-G., Martinez-Roca, A., Castafio-Diez, S., Palomino-Mosquera, A., Gutiérrez-Garcia, G., Pedraza,
A., Suarez-Lledd, M., Rovira, M., Martinez, C., & Fernandez de Larrea, C. (2020). The avoidance of G-CSF and the
addition of prophylactic corticosteroids after autologous stem cell transplantation for multiple myeloma patients
appeal for the at-home setting to reduce readmission for neutropenic fever. Plos One, 15(11), e0241778.

Cowan, A. J., Baldomero, H., Atsuta, Y., Mikhael, J., Aljurf, M., Seber, A., Greinix, H., Koh, M., Worel, N., & Libby, E. N.
(2020). The global state of hematopoietic cell transplantation for multiple myeloma: an analysis of the worldwide
network of blood and marrow transplantation database and the global burden of disease study. Biology of Blood and
Marrow Transplantation, 26(12), 2372-2377.

Bazarbachi, A. H., Al Hamed, R., Malard, F., Bazarbachi, A., Harousseau, J.-L., & Mohty, M. (2022b). Induction therapy
prior to autologous stem cell transplantation (ASCT) in newly diagnosed multiple myeloma: an update. Blood Cancer
Journal, 12(3), 47.

Bergantim, R., Bastos, J., Soares, M. J., Carvalho, B., Soares, P., Marques, C., Costa, J., Guimarades, J. E., & Trigo, F.
(2020). Aggressive central nervous system relapse after autologous stem cell transplant in multiple myeloma: case
reports and literature review. Case Reports in Hematology, 2020.

Greil, C., Engelhardt, M., Finke, J., & Wasch, R. (2021). Allogeneic stem cell transplantation in multiple myeloma.
Cancers, 14(1), 55.

Camilleri, M., Bekris, G., Sidhu, G., Buck, C., Elsden, E., McCourt, O., Horder, J., Newrick, F., Lecat, C., & Sive, J. (2022).
The impact of COVID-19 on autologous stem cell transplantation in multiple myeloma: A single-centre, qualitative
evaluation study. Supportive Care in Cancer, 30(9), 7469-7479.

Eur. Chem. Bull. 2023, 12(Special Issue 12),2240 — 2249 2249



