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Abstract
We examined the incidence of secondary primary malignancies (SPM) in multiple myeloma (MM) patients who were enrolled in the prospective observational Collaboration to Collect Autologous Transplant outcome in Lymphoma and Myeloma (CALM) study.
PatientsMaterial and methods: Between 2008 and 2012, 3204 patients with MM were enrolled and underwent a first autologous hematopoietic stem cell transplantation. (HSCT). Induction regimens included immunomodulatory drugs, proteasome inhibitors, and dexamethasone, with or without with alkylating agents. Plerixafor was used as a mobilizing agent for patients with facing poor stem cell mobilization as defined by the respective centers. 
Results: 135 patients developed SPM, with a cumulative incidence of 5.3% (95% CI: 4.4-6.3) at 72 months. Ninety-four patients developed solid tumors, 30 developed hematologic malignancies, and 11 developed SPM of an unknown type. Cumulative incidence of known hematologic and solid malignancies were 1.4% and 3.6%, respectively, at 72 months. The mMedian time to development of SPM was 33 months, with 75% occurring in the first 50 months. Overall survival for the whole group was is 65.3% at 5 years post HSCT and 37.5% at 5 years post-SPM in patients who developed SPM. In a univariate analysis, gender, uUse of radiotherapy, gender, type of induction regimen, HSC cell dose, poor mobilizer status, and plerixafor use, and hematopoietic stem cell dose did not influence the cumulative incidence of SPM by univariate analysis. Only age over 65 was statistically associated with an increased incidence of SPM (Gray test, pP value= 0.01).
Conclusion: The incidence of SPM, in this large prospective observational study, wasis 5.3% at 72 months and wasis comparable to earlier estimations of SPM in multiple myeloma. Novel induction therapies, radiation use, and plerixafor did not increase the cumulative incidence of SPM.

Introduction
Although multiple myeloma (MM) remains continues to be an incurable disease for the vast majority of patients, the introduction of novel agents including proteasome inhibitors (PIs) and immunomodulatory agents (IMiDs) has significantly improved patient outcomes, with a median overall survival improving from doubling to 5 to 8 years over approximately the last decade [1, 2]. Further improvements in outcome are expected with the advent of new treatments such as the  monoclonal antibodies and the rapidly expanding immune modulatinged therapeutic approaches. As patients live longer, the development of long-term complications, particularly second primary malignancies (SPM) are emerging and gaining increased attention. Clinical trials have reported an incidence of 1-12% SPM of 1-12% [3-5]. The incidence of SPM can be under-reported in retrospective, post hoc studies when they are not specifically tracked, and they may be over-reported in prospective studies if SPM is expected or screening tools are used. Well-designed registry-based population studies with a long follow up are a more effective means to determine the true incidence of SPM. Table 1 outlines the population based studies evaluating the incidence of SPMs in multiple myeloma patients. Many of these population-based studies included both transplanted and non- transplanted patients, and they extended from the years 1958 to 2012, when a dramatic shift in treatment, from prolonged used of alkylating agents to autologous stem cell transplantation (ASCT), and immunomodulatory drugs (IMiDs) and proteasome inhibitors (PIs) based regimens, occurred. Therefore, the earlier results may not entirely illuminate the risk of SPM in the era of novel agents.	Comment by jadehayet:  I do not understand prolonged used?? You mean increased used of alkylating agents with autologous stem cell transplantation…
We examined the incidence of SPM in multiple myeloma (MM) patients who were registered enrolled in the European societyGroup for Blood and Marrow Transplantation (EBMT) data base .registry, with The data were collected as part of an observational non-interventional study: the so called CALM (, “Collaboration to Collect Autologous Transplant outcome in Lymphoma and Myeloma) study. (CALM).”

Patients and mMethods
The Collaboration to collect Autologous Transplant outcome in Lymphoma and Myeloma, or CALM Study, is a non-interventional prospective study of the EBMT registry enrolling patients with a diagnosis of lymphoma orand multiple myeloma who underwent a first upfront autologous hematopoietic stem cell transplant (HSCT) between 2008-2012. The details of the data collection and the study design were reported previously (https://www.ebmt.org/Contents/Research/EBMTStudies/CurrentResearch). The data were collected in the EBMT registry database and the study conducted by the Plasma Cell Disorders (PCD) subcommittee of the EBMT Chronic Malignancies Working Party Group of EBMT. The current study is limited to patients with a newly diagnosedis of multiple myeloma who underwent an upfront autologous stem cell transplantation between 2008- 2012. Patients received an induction treatment per standard practice in Europe. Plerixafor was administered to those with poor mobilization, as defined by the center. The primary objective of the study wasis to estimate the rate of SPM in patients receiving plerixafor to overcome poor mobilization statues. The secondary objectives were are to evaluate the cumulative incidence of SPM among all patients and according to age, gender, induction treatment, radiation use, and CD34+ cell dose. We also analyzed the rate of overall survival in patients who developed SPM. Patients who developed SPM within 2 months of transplant were excluded to rule out the possibility of previous synchronous malignancies (PSM).

Statistical Analysis
General patients’ characteristics were shown using descriptive statistics. Frequencies and percentages were reported for categorical variables and the median with and range for continuous variables. Overall Survival (OS) was defined as the time from ASCTauto-HSCT to death from any cause, and patients who were still alive at the last follow up were considered as censored observations. The probabilities of OS were computed using the Kaplan-Meier estimator, and the univariate comparisons were performed by applying the Log-Rank test. The same methods were used to determine the overall survival post secondary primary malignancy (SPM). The incidence of SPM was analysed in the competing risk framework. SPM occurrence was considered as the event of interest:, death without prior SPM was considered as the competing risk, and patients who did not develop an event were censored at their last follow up. The probabilities of SPM occurrence and death without prior SPM were calculated using the proper non- parametric estimator for outcomes with competing risk and compared by Gray’s test. These methods were applied to perform the analysis of the incidence of SPM by type, considering separately solid and haematological tumors. All p-values shown wereare from two-sided tests, and the reported confidence intervals (CI) refered to 95% boundaries. 

Results
Patient cCharacteristics
A total of 3204 patients with multiple myeloma were enrolled and underwent first ASCTauto-HSCT between 2008-2012. Patient characteristics are shown in Tables 2-3. The median age was 59 (19-77), and the male/female ratio was 1858/1346. The immunoglobulin subtypes were as follows for the 2409 patients with known data: IgG, 1749 (72.6%); IgA, 607 (25.2%); IgD, 31 (1.3%); IgM, 20 (0.8 %); IgE, 2 (0.1%). 2567 patients (80.1%) underwent a first ASCT auto-HSCT within 12 months from the diagnosis of multiple myeloma, and 637 patients (19.9%) had their first transplant beyond 12 months after diagnosis. Among the 2714 patients with reported data, the induction regimen included: a combination of PIs and IMiDs with no alkylating agents, in 445 patients (16.4%); an alkylating agents with no PIs or IMiDs in , 275 (10.1%); an alkylating agents in combination with PIs only in, 413 (15.2%); an alkylating agents with IMiDs only in, 518 (19.1%); an alkylating agents in combination with both IMiDs and PIs in, 192(7.1%); an IMiDs only in, 201 (7.4 %); PIs only in, 516 (19%); and other regimens in, 154 (5 %). 1771 out of 2717 patients with known data (65.2%) received their transplant after one line of therapy, 649 (23.9%) after 2 lines, and 297 (10.9 %) after more than 2 lines of treatment. A total of 537 out of 2717 patients (19.8%) had radiation therapy for bone lesions prior to AHSCT; 2180 (80.2%) did not receive radiotherapy. “Poor stem cell mobilization” as defined by the respective centers was reported in 507 out of 3204 patients (15.8%), and 217 of those (42.8% of poor mobilizers) received plerixafor as a mobilizing agents. The conditioning regimen prior to stem cell transplant was high dose melphalan in 3133 (97.9%) patients. Only 67 patients (2.1%) received melphalan with another chemotherapy agents. In 209 out of 1806 patients (11.6%), the collected a CD34+ cell dose was of <3 x 106, in 346 (19.2%) patients from 3 to 5collected 3-5 x10 6 cells, and in 1251 (69.3%) collected >5x106 cells. The infused CD34+ cell infusions were <3 x 106 cells in 678 out of 2330 patients (29.1%), 3-5 x 106 cells in 940 patients (40.3%), and >5 x106 cells in 712 patients (30.6%).
Incidence of secondary primary malignancies
The median follow was up for this study is 58.6 months (range: 0.53-105 months). A total of 135 SPM were identified with a cumulative incidence of 4.3% (95% CI: 3.5-5.1%) at 60 months and 5.3% at 72 months (95% CI: 4.4-6.3%). Ninety four patients developed solid SPM, and 30 patients developed hematologic SPM (Table 4). We observed a cumulative SPM incidence of 5.3% at 72 months, with a cumulative incidence of hematologic SPM of 1.4% and solid SPM of 3.4% at 72 months. The type of SPM type was is not documented in 11 patients. The mMedian time to SPM was 33 months (range: 2.1-86.5) with 75% occurring in the first 50 months. By Kaplan Meier analysis, the OS overall survival for the whole group was 65.3% (95% CI: 63.4-67.2%) at 60 months (Supplemental Figure 1a). Overall survival post development of SPM was 37.5% at 60 months (95% CI: 23.6-51.5 %) (Figure 1a), 15.2 % (95% CI: 0-32.5%) for those who developed hematologic malignancies, and 58% at 36 months (95% CI: 46.8–70.0%) for those who developed solid SPM (Figures 1b,c).
We analyzed the impact of induction treatment (alkylating alone; IMiDs alone or in combination with alkylating; proteasome inhibitors alone or combination regimens or other treatments), radiation use, mobilization status, and CD34+ cell dose on the incidence of SPM and OSoverall survival. We also studied the effect of plerixafor use infor patients who were considered to be poor mobilizers. A uUnivariate analysis revealed a higher incidence of SPM in patients receiving alkylating agents alone or IMiDs alone as induction therapy, compared with the lower incidence with proteasome inhibitor therapy; however, these values did not reach statistical significance (Gray test, p=0.621) (Supplemental Figure 2a). The use of prior radiotherapy, CD34+ cell dose, Karnofsky score, disease status at transplantation, mobilization status, and use of plerixafor did not have any statistically significant influence on the incidence of SPM. (Supplemental Figures 2b, 3, and 4). Only age >65 was associated with a higher incidence of SPM (Gray test, p=0.012); no association by gender was noted (Supplemental Figure 5). In aBy univariate analysis, prior radiation (p=0.022), poor Karnofsky score of less than?? (p=0.01), disease  status at transplant less than a partial remission (<PR) at transplant (p=0.xx??) and age over ?? (p=0.005) were associated with lower OS. overall survival The type of induction regimen, CD34+ cell dose, poor mobilzation status, and use of plerixafor did not have any impact on OSoverall survival. We also analyzed the probability of death. After developing a SPM, it was which is 7.0% as compared to 61.0%% probability of death from causes other than SPM in this study, indicating that the risk of SPM wasis very small compared to other causes of death (Figure 2).

Discussion
While As patients with multiple myeloma live longer, the risk of late complications, including secondary malignancies, are becoming more apparent. Data from the Surveillance, Epidemiology, and End Results (SEER) Program reported a cumulative SPM incidence of 1-10% in MM, comparable to the incidence of cancer per life-year in the general population [5]. Other large population based studies have reported incidence rates in the range of 1.9-12% (Table 1, 25-29). The CALM study wasis a large prospective observational population based study of 3204  patients who underwent single autologous stem cell transplant between 2008-2012, reflecting the modern era of treatment. Our results align well with earlier investigations of SPM incidence in MM patients and indicate that shifts in treatment practice, while extending survival, have not increased the risk of developing SPM. Furthermore, as shown in Figure 2, the cumulative probability of SPM is markedly lower than the probability of death from any other cause than secondary cancer. A similar observation was reported by other groups [5,6]. This finding is indicative that, although SPM is of a concern requiring attention, controlling disease should remain a priority.
The association between alkylating agents and development of myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML) has been long been known [7-12]. Among the newer antimyeloma therapies, especially the immunomodulatory agents, particularly lenalidomide, hasve been linked to the development of SPM. The association was particularly observed when a prolonged course of lenalidomide was used as a maintenance therapy in both transplant and non-transplant settings. Two maintenance studies, using lenalidomide post single autologous stem cell transplantation, reported an increased incidence of SPM (7-8%) as compared to placebo (3-5%) [13, 14]. Similarly, in another randomized study of nontransplanted patients, an increased SPM in the maintenance lenalidomide arm was observed [15]. Furthermore, a meta-analysis of randomized controlled trials using lenalidomide as first line therapy reported an increased SPM in newly diagnosed patients using lenalidomide. A 6.9% (95% CI: 5.3-8.5) cumulative incidence of SPM was reported in patients who received lenalidomide vs. 3.8% (95%CI: 2.7-4.9) in those who did not receive lenalidomide [16]. Co-administration of lenalidomide and oral melphalan significantly increased the risk of secondary hematologic SPM. In thisour study, we observed a similar trend for a higher incidence of SPM in patients having using an induction therapy which included an with alkylating agents and an IMiDs compared to the relatively lower risk with from proteasome inhibitors without the co-use of an IMiDs and alkylating agents. However, these differences did not reach statistical significance. A limitation of our This study could not is that assessing the effect of maintenance therapy is not possible, as the data on post transplant maintenance treatment wasare not captured. Nevertheless, maintenance lenalidomide did not becaome standard practice in Europe, outside of clinical trials, only until very recently. We did not find any association between the use of radiotherapy and the development of SPM, in accordance with US Connect MM registry data [11]. This finding may be related to the relatively lower dose of palliative radiation used for pain control in myeloma patients. Use of plerixafor forwithin poor mobilizers, the poor mobilizer status, and the CD34+ cell dose collected did not have any statistical influence in SPM risk. Although we did not observe any relationship between the use of plerixafor and the incidence of SPM, further validation is required with a larger set of patients. Unlike previous reports where of an association between male gender and malignancies was reported, we did not find a similar correlationassociation. Only age older than 65 years was associated with a significant increased risk of SPM. This finding is consistent with previous observations of increasing risk of malignancies in older age [17-19]. Lastly, we observed an early onset of SPM in this study, with 75% of cancer occurring within the first 50 months.
In conclusion, this large observational study highlights that the incidence of SPM remains low in multiple myeloma patients receiving therapy in the current era. However, as the number of durably surviving patients with myeloma rises, early detection and intervention for SPM should become part of long term care for such patients.
Legends to figures
Figure 1: a) Overall survival post SPM, b) overall survival post hematological SPM, c) overall survival post solid SPM
Figure 2. Cumulative incidence rate of developing SPM versus death from all causes without occurrence of SPM.




	Authors
	Type
	Period
	# of pts and overall SPM%
	Hematological
SPM
	Solid SPM
	Time from MM to SPM
	Hematologicale SPM SIR (Ob/Exp) (95% CI)
	Solid SPM SIR (95% CI)

	Dong et al. (24)
	Population based
	1958-1996
	8656   (5.5%)
	1.0%
	4.5%
	2.9 yr
	2.19
	0.81

	Mailankody et al. (25)
	Population based
	1986-2005
	8740   (6.6%)
	0.8%
	5.8%
	45.3 mo
	2.04
	1.19

	Youlden et al. (26)
	Population based
	1982-2001
	2174   (0.6%)
	NR
	NR
	NR
	NR
	NR

	Razavi et al. (28)
	Population based
	1973-2008
	36,491 (5.5%) 
	0.7%
	4.7%
	5.2 yr
	1.63
	0.92

	Tzeng et al. (33)
	Population based
	1997-2009
	3970   (1.8%)
	0.9%
	0.9%
	1.9 yr 
	13
	0.57

	Rifkin et al. (29)
	US MM registry
	2009-2012
	1493   (5.1%, invasive 3.5%)
	1%
	2.6%
	NR
	Len: 0.17*, No Len: 0.47**
	Len: 0.67*,
No Len: 0.68**

	Englhardt et al. (6)
	Freiburg university registry study
	1997-2011
	744    (6.6%)
	2.3%
	4.3%
	NR
	NR
	NR



Table 1. SPM incidence in MM patients. Abbreviations: MM, multiple myeloma; NR, not reported; SPM, secondary primary malignancy. *Incidence per 100/person-year in 977 patients. **Incidence per 100/person-year in 466 patients. 



	Variable
	Median (range) or N (%)*

	Age
	59 (19-77)

	Male/Female
	1858/1346

	MM Subtype
	

	IgG
	1749 (72.6%)

	IgA
	607 (25.2%)

	IgD
	31 (1.3%)

	IgM
	20 (0.8%)

	IgE
	2 (0.1%)

	Interval from diagnosis
	

	< 12
	2567 (80.1%)

	> 12
	637 (19.9%)

	Induction regimen
	

	Alkylating alone
	275 (10.1%)

	Alkylating + PI
	413 (15.2%)

	Alkalyting + IMiD
	518 (19.1%)

	Alkylating + PI+ IMiD
	192 (7.1%)

	PI only
	516 (19.0%)

	IMiD only
	201 (7.4%)

	PI + IMiD
	445 (16.4%)

	other
	154 (5.7%)

	Line of therapy prior to HSCT
	

	1
	1771 (65.2%)

	2
	649 (23.9%)

	> 2
	297 (10.9%)

	Prior Radiation
	

	no
	2180 (80.2%)

	yes
	537 (19.8%)



Table 2. Patient characteristics. Abbreviations: IMiD: immunomodulatory agent; PI: proteasome inhibitor; HSCT: hematopoietic stem cell transplantation. *Percentages based on patients with available data in each category. Number of patients with MM subtype data available: N=2409; number of patients with induction regimen data available: N=2714; number of patients with line of therapy prior to PSCT data available: N=2717; number of patients with prior radiation data available: N=2717. Patient gender and interval from diagnosis data were available for all 3204 patients. 



	Variable
	N (%)*

	Disease status at HSCT
	

	CR
	1416 (45.0%)

	PR
	1487 (47.2%)

	<PR
	245 (7.8%)

	Poor mobilization
	

	Yes
	507 (15.8%)

	No
	2697(84.2%)

	Plerixafor
	

	Yes
	217 (6.8 %)

	No
	2987 (93.2 %)

	Conditioning regimen
	

	Melphalan (Mel)
	3133(97.9%)

	Mel + other
	67 (2.1%)

	CD34 collected
	

	<3 x 106
	209 (11.6%)

	3-5 x 106
	346 (19.2%)

	>5 x 106
	1251 (69.3%)

	CD34 infused
	

	<3 x 106
	678 (29.1%)

	3-5 x 106
	940 (40.3%)

	>5 x 106
	712 (30.6%)



Table 3. Transplantation data. Abbreviations: PSCT, peripheral stem cell transplantation; CR, complete response; PR, partial response. *Percentages based on patients with available data in each category. Number of patients with disease status at HSCT data available: N=3148; Number of patients with mobilization data available: N=3204; Number of patients with plerixafor data available: N=3204; Number of patients with conditioning regimen data available: N=3204; Number of patients with CD34 collection data available: N=1806; Number of patients with CD34+ cell infusion data available: N=2330;


	Variable
	N

	Hematological malignancy
	30

	   Lymphoma
	11

	   MDS/MPN
	10

	   Acute leukemia
	8

	   Chronic leukemia
	1

	Solid tumor
	94

	   Breast
	15

	   Prostate
	11

	   Skin tumor
	10

	   Gastrointestinal
	9

	   Lung
	5

	   Pancreas
	4

	   Kidney tumor, including renal cell
	4

	   Adenocarcinoma
	4

	   Glioblastoma
	1

	   Central nervous     system
	1

	   Melanoma
	1

	   Angiosarcoma
	1

	   Hepatobiliary
	1

	   Uterine
	1

	   Undifferentiated carcinoma
	1

	   Other
	17

	   Unknown
	8


Table 4. Secondary primary malignancy by type.
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Figure 1 a) Overall survival post SPM, b) overall survival post hematological SPM, c) overall survival post solid SPM














Figure 2
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[bookmark: _GoBack]Figure 2. Cumulative incidence rate of developing SPM versus death from all causes without occurrence of SPM.
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Supplemental Figure 1. Overall survival.
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Supplemental Figure 2a) SPM incidence by induction regimen, b) SPM incidence according to prior radiotherapy
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Supplemental Figure 3a) SPM incidence by CD34+ cell dose collected, b) SPM incidence by CD34+ cell dose infused, c) incidence of SPM by mobilization status 
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Supplemental Figure 4 Incidence of SPM by plerixafor use
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Supplemental Figure 5a. SPM incidence by age. B. SPM incidence by sex.
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