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Abstract

Objectives: Despite major advances in treatment options for multiple myeloma

(MM), patients refractory to the main drug classes and those with aggressive, espe-

cially extramedullary disease, still face a dismal outcome. For these patients, effective

therapeutic options are urgently warranted.

Methods: In this retrospective study, we report on the safety and efficacy of the

intensive combination regimen of pomalidomide plus cisplatin, doxorubicin, cyclo-

phosphamide, and etoposide (Pom-PACE) in patients with relapsed refractory MM

(RRMM) or plasma cell leukemia (PCL). A study population of 20 consecutive patients

treated with Pom-PACE at two academic centers was included for analysis. All

patients had to have a confirmed relapse according to International Myeloma Work-

ing Group criteria and adequate organ function prior to the start of therapy. Data

were collected by reviewing medical charts. Exploratory analyses were performed

with regard to efficacy and safety.

Results: Patients were heavily pretreated with a median number of four prior thera-

pies (range: 1–10). All patients were exposed to immunomodulators, proteasome

inhibitors, and alkylating agents, 80% were double-class refractory, 40% were triple-

class refractory. Extramedullary MM or PCL were present in 15 patients (75%). Over-

all response rate (ORR) was 68%, with 31% achieving at least a very good partial

response. Responses were achieved rapidly with an ORR of 64% after one cycle.

Median progression-free survival was 8.9 months (0.92–not reached [NR]) and

median overall survival was 11.8 months (3–40.6). Pom-PACE was associated with
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significant toxicity. All evaluable patients experienced Grade 4 hematological toxicity.

However, no treatment related mortality was observed.

Conclusion: Pomalidomide-PACE was able to induce rapid responses in heavily pre-

treated, aggressive RRMM with a manageable toxicity profile and therefore offers an

effective salvage regimen and a potential bridging strategy to further treatment

options such as chimeric antigen receptor T-cell therapy.
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Novelty Statement

What is the new aspect of your work?

Pomalidomide plus cisplatin, doxorubicin, cyclophosphamide, and etoposide (Pom-PACE) has

not been published as an effective salvage regimen in RRMM.

What is the central finding of your work?

Pom-PACE is effective in aggressive and extramedullary relapses of multiple myeloma patients.

What is the specific clinical relevance of your work?

Pom-PACE is an effective salvage regimen for aggressive extramedullary, relapsed, and refrac-

tory multiple myeloma and a useful bridging strategy before chimeric antigen receptor T-cell

therapy.

1 | INTRODUCTION

Prognosis of multiple myeloma (MM) patients has been significantly

improved over the past decade due to the advent of novel agents, in

particular immunomodulatory drugs (Imids), proteasome inhibitors

(PIs), and anti-CD38 monoclonal antibodies (CD38AB), and the wide-

spread implementation of high-dose melphalan with autologous trans-

plantation (ASCT).1 However, MM is still a largely incurable disease,

and patients eventually relapse.2,3 Patients with relapsed refractory

MM (RRMM) after treatment with the three major drug classes (so-

called triple-exposed) or even refractory to these drugs (triple-refrac-

tory) still face an inferior outcome4–8 despite the very promising

developments in the field of chimeric antigen receptor t-cells

(CAR-Ts) and bispecific monoclonal antibodies.9–15 Furthermore,

treatment with CAR-T cells or bispecifics is very resource-intensive

and is currently not widely available to all patients in every healthcare

setting. CAR-T cells in particular still harbor the additional challenge

of significant manufacturing time, making it difficult to apply to

patients with very aggressive relapse.10

Among RRMM, patients with extramedullary disease (EMD) or

those with secondary plasma cell leukemia (PCL) have been recog-

nized as a particularly difficult-to-treat population with very inferior

survival.5,7,16 EMD is associated with an increased rate of cytogenetic

high-risk features such as deletion 17p as well as adverse gene

expression profiling-70 scores.17 These patients often present with a

very aggressive relapse, requiring successful remission-inducing ther-

apy within days.

Efficacy and feasibility of combining novel agents such as PIs or

Imids with conventional chemotherapy were first studied in the

TOTAL-THERAPY trials.18,19 The first regimen published was the

combination of thalidomide, cyclophosphamide, etoposide, and dexa-

methasone20 later on expanded to include cisplatin and doxorubicin

(DT-PACE)19 and lastly, bortezomib (VDT-PACE).21 A recent real-

world analysis of velcade thalidomide dexamethasone, platine, adria-

mycin, cyclophosphamid, etoposide in RRMM highlights the continued

role PACE-based regimens might play in the era of novel agents, espe-

cially as a potential bridging strategy to ASCT of CAR-Ts.22 While

these regimens, especially VDT-PACE, show efficacy in heavily pre-

treated patients,23–25 significant side effects remained an issue, espe-

cially with regard to peripheral neuropathy (PNP) given the neurotoxic

potential of bortezomib, thalidomide, and cisplatin. Furthermore, bor-

tezomib and thalidomide might not be an ideal combination partner

also with regard to efficacy, as many patients in this setting are

already refractory to these particular agents. To address these issues,

combination regimens including second generation Imids or PIs, such

as lenalidomide and/or carfilzomib (KRD-PACE or KD-PACE), have

been explored recently.26,27

Pomalidomide is a second-generation Imid that has shown effi-

cacy in late lines of therapy in RRMM,28,29 and is less associated with

PNP than thalidomide or PIs. Additionally, pomalidomide has been
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shown to overcome resistance in RRMM patients when combined

with cyclophosphamide30 and might thus be an ideal combination

partner to PACE-based regimens. In this retrospective, multicenter

study, we report on safety and efficacy of pomalidomide plus PACE

(Pom-PACE) in 20 heavily pretreated RRMM patients.

2 | PATIENTS AND METHODS

In this retrospective study, we analyzed 20 consecutive patients with

MM or PCL that were treated with Pom-PACE in the Department of

Hematology, Oncology, Hemostaseology and Stem Cell Transplanta-

tion at the RWTH University Hospital in Aachen or in the Department

of Hematology, Oncology and Rheumatology at the University Hospi-

tal in Heidelberg, Germany, between January 2015 and June 2021.

Inclusion criteria to be offered treatment with Pom-PACE were a

confirmed relapse of MM according to International Myeloma Work-

ing Group (IMWG) criteria that was deemed clinically to be aggressive,

either by the presence of EMD, PCL, or early relapse/refractoriness to

prior therapy. Furthermore, patients' had to have an Eastern Coopera-

tive Oncology Group performance status of 0–2 and adequate renal

and cardiac function as assessed by creatinine clearance and echocar-

diography prior to the start of therapy. Refractoriness to pomalido-

mide was an exclusion criterion. Presence of EMD was assessed by

computed tomography scans or magnetic resonance imaging prior to

the start of therapy.

Treatment consisted of cisplatin 10 mg/m2, doxorubicin 10 mg/

m2, cyclophosphamide 400 mg/m2, etoposide 40 mg/m2, and dexa-

methasone 40 mg intravenously on Days 1–4. Cisplatin, cyclophos-

phamide, and etoposide were given continuously over 24 h,

doxorubicin and dexamethasone were given as a short infusion or

bolus injection. Pomalidomide (4 mg) was given orally every second

day on Days 1–21. Given the continuous infusion of cisplatin, cyclo-

phosphamide, and etoposide, patients had to be admitted to the hos-

pital for at least 96 h for each cycle, with the potential prolongation of

hospital stay or re-admittance in case of complications. The treatment

cycle was repeated on Day 29, if possible, for up to four cycles,

depending on the physician's decision as well as the further treatment

strategy.

Granulocyte-colonisation stimulation factor (G-CSF) support was

not obligatory but was encouraged. All patients received antithrombo-

tic prophylaxis with standard low-molecular weight heparin while hos-

pitalized, which was suspended when platelet counts dropped to

<30–50/nL depending on individual risk evaluation. With regard to

prophylactic anti-infective strategies, antiviral prophylaxis against her-

pes simplex and varicella zoster virus with acyclovir as well as prophy-

laxis against Pneumocystis jirovecii pneumonia with trimethoprim/

sulfamethoxazole were strongly recommended for all patients. Anti-

fungal, non-pneumocystis prophylaxis, or antibacterial prophylaxis

were not routinely administered.

Data collection was performed by reviewing medical charts,

including the review pf discharge letters from external medical pro-

viders in case of admission to other hospitals due to an adverse event.

High-risk cytogenetics were defined as the presence of at least one of

the following: deletion 17p, translocations t(4;14) or t(14;16), gain 1q.

Response was evaluated according to IMWG criteria, including assess-

ment by imaging techniques in the case of EMD.31 Overall response

TABLE 1 Patients' characteristics at start of pomalidomide plus
cisplatin, doxorubicin, cyclophosphamide, and etoposide.

Patients' characteristics n (%)

Age

Median (years) 57.6

Range (years) 43.9–60.6

Gender

Female 10 (50)

Performance status (ECOG)

0 8 (40)

1 10 (50)

2 2 (10)

Paraprotein subtype

IgG 12 (60)

IgA 4 (20)

κ or λ light chain 3 (15)

Asecretory 1 (5)

Time from diagnosis

Median (years) 3.0

Range (years) 0.4–10.4

Number of prior therapies

Median 4

Range 1–10

Refractory to last therapy 18 (90)

Type of prior therapies

Autologous stem cell transplantation 19 (95)

Proteasome inhibitor (PI) exposed

Bortezomib 19 (95)

Carfilzomib 17 (85)

Imunomodulatory drugs (Imid) exposed

Lenalidomide 20 (100)

Pomalidomide 0 (0)

Anti-CD38 antibody exposed

Daratumumab/isatuximab 9 (45)

Double-refractory (Imid, PI) 18 (90)

Triple-class refractory 8 (40)

Cytogenetic testing (n = 16)

High risk 11 (55)

Deletion 17p 7 (44)

t(4;14) 2 (13)

t(14;16) 1 (6)

Gain 1q 6 (38)

Plasma cell leukemia 2 (10)

Extramedullary disease 13 (65)

Abbreviation: ECOG, Eastern Cooperative Oncology Group; IgA,

immunoglobulin A.
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rate (ORR) was defined as achieving a partial response (PR) or better,

and duration of response (DOR) was defined as time from Day 1 of

cycle one Pom-PACE to disease progression or death in patients who

achieved a PR or better. Clinical benefit rate (CBR) was defined as

patients receiving at least a stable disease (SD).

With regard to statistical methods, clinical characteristics were

analyzed in a descriptive manner, median and range were given for

continuous variables. Time-to-event analyses and associated 95%

confidence intervals were estimated with the use of Kaplan–Meier

methods. Patients proceeding to allogeneic stem cell transplantation

were censored with regard to progression-free survival (PFS) at the

time of transplant.32 All statistical analyses were performed using

Graphpad version 5. Safety analysis was performed using CTCAE

V.5.0 criteria.

All patients provided written informed consent for retrospective

data analysis. This study was approved by the local ethics committees

(EK395/21 and S-096/2017).

3 | RESULTS

Median age at start of Pom-PACE was 57.6 years (range 43.9–

66.3 years), 50% were male. Median time from diagnosis to Pom-

PACE was 3 years (0.4–10.4 years), and median lines of prior thera-

pies was 4 (1–10). Ninety percentages of patients were refractory to

their last line of therapy. All patients were exposed to Imid and PI,

90% were double-refractory (Imid and PI), 40% were triple-refractory

(Imid, PI, and CD38AB). Ninety-five percentages of patients were

exposed to an alkylating agent or had undergone prior ASCT. At start

of Pom-PACE, 65% of patients had EMD and 10% had PCL. Three

patients had hyposecretory, one patient had asecretory MM, all of

them with EMD. In seven patients with available biopsy and assess-

ment of proliferation at start of Pom-PACE, median Ki67 was 60%

(range 30%–100%). High-risk cytogenetics was present in 55%. Clini-

cal characteristics of patients are summarized in Table 1 (values

are mean).

Patients received a median of 2 cycles of Pom-PACE (range 1–4).

Best ORR in IMWG-evaluable patients was 68% (11/16) with PR in

six (38%), very good partial response (VGPR) in three (19%), and near

complete response (nCR) in two (13%). CBR was 88% (14/16) with an

additional three patients achieving a minimal response (two) or SD

(one). Two patients were primary refractory (Table 2). Formal

response evaluation according to IMWG criteria was not possible in

four patients due to a hyposecretory MM or missing data point.

Responses were achieved very rapidly, with 9 out of 14 patients with

available response assessment after Cycle 1 already reaching a PR or

better at that time point, corresponding to an ORR of 64% after one

cycle.

At a median follow up of 15 months, median PFS was 8.9 months

(0.92–NR) and median overall survival (OS) was 11.8 months (3–40.6)

(Figure 1). The median DOR was 15 months in our patient cohort.

With regard to subsequent therapies, Pom-PACE was used as a

bridge to transplant in five (25%) patients (two autologous and three

allogeneic). Patients that underwent autologous or allogeneic trans-

plantation as consolidation following Pom-PACE had a median OS of

11.1 months; patients without subsequent transplant had a median

OS of 11.1 months. In eight (40%) patients with an adequate response

and no intention to transplant, treatment was deescalated, mainly to

pomalidomide/dexamethasone. In three patients, Pom-PACE had

to be discontinued due to significant toxicity and in two patients due

to progressive disease. Two patients declined further follow-up.

Pom-PACE was associated with significant toxicity. Hematologic

toxicity was pronounced, but manageable. All patients with available

data experienced neutropenia common toxicity criteria (CTC) Grade

4 (11/11) and thrombocytopenia CTC Grade 4 (15/15). G-CSF sup-

port was given in 72% (13/18), red blood cell transfusions in 94%

(15/16), and platelet transfusions in 75% (12/16) of patients with

available data.

With regard to non-hematologic toxicity, febrile neutropenia was

common and reported in 61% (11/18) of patients with available data.

Re-admission to the hospital in-between cycles was required in 50%

(9/18) of patients, resulting in 14 additional hospital stays. The main

TABLE 2 Response assessment.

Response after Cycle 1 (response assessment available: n = 14) Best response (response assessment available: n = 16)

n % n %

PD 2 14 2 13

SD 2 14 2 13

MR 1 7 1 6

PR 8 57 6 38

VGPR 1 7 3 19

nCR 0 0 2 13

ORR 9 64 11 68

Note: No response assessment according to IMWG criteria was available in six and four patients after Cycle 1 and at best response, resp., due to either

hyposecretory myeloma or missing data point.

Abbreviations: MR, minimal response; nCR, near complete response; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable

disease; VGPR, very good partial response.
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reasons for re-admission were febrile neutropenia or a pre-scheduled

re-admission during critical cytopenia. Severe complications occurred

in three patients: one case of cerebral toxoplasmosis after the fourth

cycle of Pom-PACE, one case of severe skin infection requiring opera-

tive debridement and a mesh graft, and one case of perforated sigma

diverticulitis requiring a descendostoma. Of note, despite the poten-

tial nephrotoxicity and neurotoxicity of cisplatin, only two cases of

reduced renal function and no cases of new or worsening PNP were

observed.

4 | DISCUSSION

In this retrospective study, we report a high ORR to pomalidomide

combined with a backbone of intensive cytotoxic chemotherapy

(Pom-PACE) in a cohort of heavily pretreated RRMM, with the major-

ity with aggressive EMD or PCL. Responses were obtained very rap-

idly. The Pom-PACE regime could be successfully applied as a

bridging strategy to transplant or deescalated after response induction

to standard pomalidomide/dexamethasone therapy.

While the overall prognosis of patients with MM has significantly

improved and the advent of novel T-cell engaging therapies opens up

new possibilities, patients with multi-refractory disease, especially

those with aggressive extramedullary relapse, remain a challenging

patient population.5–7 These patients often require intensive, rapidly

response-inducing therapy to avoid organ failure. In this setting,

various combinations of conventional, cytotoxic chemotherapy, in

particular the PACE regimen, with novel agents have been

assessed.18–21,23–25

While cross-trial comparisons are fraught with bias, especially in

highly heterogenous RRMM patient populations, the ORR of 68%

achieved with Pom-PACE in our cohort is within range of those

observed with VDT-PACE or KD-PACE,23,27 while avoiding some of

the drug-specific adverse events associated with the latter regimens.

A VGPR or better was achieved in 31% of our patients. While the

sample size is obviously too small to allow for statistical risk factor

analysis, it might be of interest to note that patients achieving VGPR

or better included those with deletion 17p, EMD, PCL, or triple-class

refractory status. One common feature of patients with superior

response might be a slightly younger age (median age 51.7 years);

however, this remains speculative. Furthermore, it is noteworthy, that

patients with a VGPR or better seemed to achieve a similar median

PFS (10.1 months), but a much longer OS (20.4 months) compared to

the overall patient cohort. This might be indicative of a more chemo-

sensitive disease allowing potentially deriving a more significant bene-

fit from subsequent therapies.

In a small study of RRMM patients treated with VDT-PACE an

ORR of 54% was achieved.23 The median PFS was only about a third

of that achieved with Pom-PACE (3.1 vs. 8.9 months). Of note, the

patient population in the VDT-PACE study was less refractory (triple-

refractory 8% vs. 40%) and had a lower rate of EMD (36% vs. 65%)

compared to our patient cohort. Efficacy in the EMD cohort is of spe-

cial interest as EMD is a negative prognostic factor for PFS in bispeci-

fic T-Cell engager and CAR-T cell therapy.

In a retrospective study of RRMM treated with KD-PACE, an

ORR of 77% was observed.27 Again, the proportion of triple-

refractory patients was lower (19% vs. 40%) and fewer patients had

EMD (8% vs. 65%) compared to our patient cohort. Interestingly,

patients induced with KD-PACE that were able to be bridged to ASCT

or allogeneic transplantation experienced a significantly superior PFS

(8.3 vs. 2.3 months) and OS (16.7 vs. 4.3 months) compared to those

without further consolidating therapy. In contrast, only 3/10 patients

in our cohort with an OS of 12 months or longer received consolidat-

ing transplantation. Out of three patients in our cohort with an OS of

24 months or longer, only one had received a consolidating allogeneic

transplant, while two had been deescalated to standard pomalido-

mide/dexamethasone.

With regard to adverse events, it has to be stated that all PACE-

based regimens are associated with significant toxicity and have to be

administered to well-selected patients in centers with experience in

managing intensive cytotoxic chemotherapy. However, in patients

with adequate fitness and organ function, the toxicities associated

F IGURE 1 Progression-free survival (PFS) (A) and overall survival (OS) (B).
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with Pom-PACE were manageable, and no fatal complications were

observed in our patient cohort. While the most common toxicity was

hematotoxicity, the most serious adverse events were infectious

complications. Therefore, G-CSF support is recommended and anti-

infective prophylaxis strategies should be considered following Pom-

PACE. A remaining autograft backup should be used in these cases to

reduce long-term cytopenia.

Compared with other PACE-based regimens, it is worth noting

that no thromboembolic complications (in contrast to several

observed with VDT-PACE) and no cardiac complications (in contrast

to those observed with KD-PACE) occurred in our patient cohort trea-

ted with Pom-PACE. In addition, we observed no new or worsening

PNP in our patients.

With the introduction of T-cell engaging therapies, in particular

CAR-T cells or bispecific antibodies, to clinical practice, new and

highly potent treatment options have opened up for RRMM patients

questioning prior indications for conventional chemotherapy. How-

ever, we think that for a select patient population, effective combina-

tion therapies of novel agents and cytotoxic chemotherapy, such as

the Pom-PACE regimen, might still constitute a useful tool in the anti-

myeloma armamentarium. While both b-cell maturation antigen

(BCMA) CAR-T cells and anti-BCMA bispecific antibodies are by now

approved by food and drug association and European medicines

agency, these therapies are still not available to all patients and might

only be administered by highly specialized centers. Furthermore, while

several efforts are underway to shorten production time, effective

bridging strategies are still often necessary, especially in highly aggres-

sive disease. In addition, RRMM with EMD seems to be associated

with a shorter PFS5,7,16 following CAR-T cell therapy and thus remain

a difficult-to-treat patient population even in the CAR-T era, requiring

specialized care and highly potent therapeutic strategies.

As a retrospective real-world analysis, our study is associated

with several limitations. The main point is the heterogeneity of the

patient population and the small sample size limiting statistical ana-

lyses, as well as carrying the intrinsic risk of a potential selection

bias of patients by the treating physicians. Furthermore, not all data

points of interest were available for all patients at all time points as

data collection was performed based on electronic patient files.

Incidence of certain adverse events might therefore be

underestimated.

In summary, the combination of pomalidomide with the cyto-

toxic chemotherapy backbone PACE was shown to induce rapid

responses in a large proportion of patients with RRMM, many of

whom with EMD. Given the significant toxicity profile, patients

should be selected and monitored carefully. In the era of CAR-T cell

therapy, it may be applied as an effective bridging or debulking

strategy.
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