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TO THE EDITOR:
The most widely used staging system for patients with multiple
myeloma (MM), the Revised International Staging System (R-ISS), is
based on beta-2 microglobulin (B2M), albumin, lactate dehydro-
genase (LDH), and the presence of high-risk cytogenetics [1].
However, it does not account for the additive risk imposed by
multiple cytogenetic abnormalities or the presence of copy
number gains at chromosome 1q21 (gain1q) [2]. The majority of
patients (62%) are staged as R-ISS Stage II, with marked variation
in prognosis depending on the co-occurrence of specific
cytogenetic abnormalities [1, 3].
Two new staging systems, the Mayo Additive Staging System

(MASS) [4], and the Second Revision of the International Staging
System (R2-ISS), have been proposed [5], and incorporate additive
risk resulting from the presence of multiple concurrent cytoge-
netic abnormalities [6], and adverse prognostic implications of
gain1q. As both staging systems have not been validated
concurrently in a large, contemporary US population, we
externally validated MASS and R2-ISS and compared their
performance to each other and to the R-ISS.
We conducted a retrospective cohort study using the nation-

wide Flatiron Health electronic health record (EHR)-derived
database, which is a longitudinal database, comprising de-
identified patient-level structured and unstructured data, curated
via technology-enabled abstraction [7, 8]. During the study period,
the de-identified data originated from up to 280 US cancer clinics
(~800 sites of care) [7].This study was approved by the Institutional
Review Board of the University of Utah.
We included patients who initiated first-line treatment for

newly diagnosed MM between January 1st, 2016, and October
1st, 2022. Our primary outcome was overall survival (OS).
Multivariable analysis was conducted using Cox models. All
relevant tests were two-sided, and p-values < 0.05 were consid-
ered statistically significant. Analyses were conducted using R
4.1.3. A supplemental analysis was performed to evaluate the
performance of these staging systems for time to next treatment
(TTNT).
There were 497 patients with MM included. (Patient attrition is

highlighted in Supplemental Table S1.) Patient characteristics are
listed in Table S2. The majority of patients had received triplet
therapy as induction (67.6%), with a minority receiving doublet
(13.9%) and quadruplet regimens (10.7%). The majority of patients
did not receive autologous stem cell transplantation during their
disease course (66.4%) and were treated at community sites
(82.3%). The median duration of follow-up of our cohort was
23.1 months (Q1: 10.9 months, Q3: 40.9 months).
The distribution of patients across R-ISS stages was as follows:

24%, 63%, and 13% for stage I, II and III respectively. The majority

of the patients that had double-hit disease were classified as R-ISS
Stage II (39/66, 59%). There was a statistically significant
association between R-ISS stage and OS (log-rank p =<0.01) and
the median OS was not reached (NR), 63 months, and 37 months
for R-ISS stages I, II, and III respectively.
Patients were more evenly divided across MASS stages: 34%,

35% and 31% for MASS I, II, and III, respectively. All patients with
double-hit disease were classified as MASS Stage III. There was a
statistically significant association between MASS stage and OS
(p ≤ 0.01), with median OS of 77, 61, and 45 months for MASS
stage I, II, and III, respectively.
R2-ISS includes four risk categories (stages I-IV) and in our

cohort, 20% were stage I (low), 25% were stage II (low-
intermediate), 46% were stage III (intermediate), and 9% were
stage IV (high). Most patients with double-hit disease were
classified as Stage III (56%) or Stage IV (42%). There was a
statistically significant association between R2-ISS and OS
(p ≤ 0.01), though the survival curves for stage I and II were
overlapping, as well as those for stage III and IV, suggesting that
associations between stages I-II and OS were comparable, as were
those between stages III-IV and OS. Median OS for R2-ISS stages I,
II, III, and IV was NR, 69, 50 and 51 months, respectively (Fig. 1).
As compared to R-ISS stage I, the adjusted hazard ratios (aHRs)

for death were 1.8 (95%CI: 1.1, 2.9) and 2.9 (1.6, 5.3) for R-ISS
stage II and stage III, respectively (Table S3). As compared to
MASS I, the aHRs for death were 2.0 (95% CI 1.3-3.2) for MASS II
and 2.7 (1.7–4.2) for MASS III (Table S4). The hazards of death
were similar for R2-ISS stage I and stage II (aHR for II vs I: 1.2 [0.7,
2.3]). As compared to R2-ISS Stage I, the aHRs for death were
similarly higher for stage III and stage IV (aHRs: 2.4 [1.4, 4.1] and
2.6 [1.3, 5.2], respectively) (Table S5). Discrimination and
calibration were similar across all staging systems (c= 0.6, and
Hosmer-Lemeshow p > 0.05 for all three staging systems) (Tables
S3–5).
Migration between staging systems is described in Fig. 2,

showing re-categorization of R-ISS Stage II into discrete MASS and
R2-ISS stages. The supplement (Table S6-8) highlights perfor-
mance of staging systems for TTNT, showing a shorter TTNT for
Stage II and III (MASS) and Stage III and IV (R-2 ISS) compared to
Stage 1- and a similar trend for R-ISS, although this did not achieve
statistical significance. Table S9 lists treatment utilized across
stages.
Overall survival was progressively worse as the number of high-

risk cytogenetic abnormalities (HRCA) increased (0 vs 1 vs. 2+) as
listed in Table S10, with a c-index of 0.55.
In this application of novel MM staging systems to a large,

contemporary cohort of US patients, we demonstrate that they
perform similar to R-ISS and retain prognostic capability for OS
in MM, although their performance remains suboptimal with a
c-index of ~0.6. Unlike R-ISS, for which most patients fall into
stage II, MASS, and R2-ISS result in a wide distribution of
patients across different stages. MASS demonstrated a greater
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separation for risk of mortality across stages, whereas R2-ISS
stage III and stage IV were largely overlapping regarding risk of
mortality.
A key limitation of R-ISS is that it categorizes the majority of

patients into R-ISS stage II [1].Although it is well known that
R-ISS stage III confers a poor prognosis, there is significant
heterogeneity within R-ISS stage II [3]. Patients with zero, one, or
multiple high-risk cytogenetic abnormalities all may be categor-
ized within R-ISS stage II [3]. Although our analysis demonstrates
that the prognostic value of the novel staging systems is similar
to R-ISS, a key advantage is that these newer staging systems
reclassify patients from R-ISS stage II into more refined risk-
stratified subsets. Patients with double-hit disease are invariably
staged as high-risk (Stage III or IV) with newer risk stratification
models.
Our cohort was different from the derivative cohort of each

of the staging systems, with a median age of 70, as opposed to
an age of 60 in the R2-ISS derivation cohort [5]; and mostly at
community sites, as opposed to the MASS staging system,
which was developed using data from Mayo Clinic [4]. As such,
our cohort is reflective of a heterogenous contemporary US
cohort of patients largely receiving modern triplet therapy and
externally validates the use of these staging systems in
practice where modern therapy incorporating triplet therapy
is used.
Our work represents the first comparison of these newer

staging systems to each other, and the first to externally validate
both of them simultaneously in a large multi-center contem-
porary United States cohort treated with modern triplet therapy.
Previous work has evaluated these staging systems in small
single-center analyses, such as two single-center reports from
China evaluating the performance of MASS in 94 [9] and 307
patients [10], respectively. Similar single-center studies have also
evaluated the performance of R2-ISS in cohorts from China and
Japan [11, 12]. An analysis in the United States has validated R2-
ISS, but this was in a transplanted cohort, different from
our analysis, which was predominantly in a non-transplant
cohort [13].
Our dataset has various limitations. The median duration of

follow-up was 23.1 months, which is not enough time to accrue
many events, given the advances in therapy and improved
outcomes in this patient population [14]. We therefore
evaluated TTNT in addition to OS. Our dataset also does not
account for copy numbers of Gain1q, and we cannot
differentiate between Amp1q versus Gain1q, which may have
different prognostic implications, although data is conflicting
in this regard [15]. A limitation of all staging systems across MM
is that rather than conventional staging systems in solid
tumors that reflect tumor burden and spread, these systems
serve instead as risk-stratification models. They group together
heterogenous variables of biological aggressiveness,
patient characteristics, and tumor burden. Although they are
very useful for prognostication purposes, given the hetero-
geneity of patients within each stage, they are less useful in
individualizing therapy for different subsets of patients.
Furthermore, our analysis is only applicable to patients who
received treatment, as we excluded patients who did not
receive any therapy.
In summary, this study demonstrates that both R2-ISS and MASS

perform similarly in a contemporary cohort of US patients with
MM and re-classify patients with R-ISS stage II MM into more
refined prognostic subsets. As all models (including stratification
per number of HRCA) perform with c-statistic close to 0.6, their
performance remains suboptimal. Further validation of these
staging systems in datasets with longer follow-up and more use of
quadruplet therapy will be needed.

Fig. 1 Kaplan-Meier product limit estimator survival functions for
overall survival by MASS and R2-ISS stages.

Fig. 2 Sankey plot demonstrating redistribution of patients across
different R-ISS stages (R-ISS to R2-ISS on left, R-ISS to MASS on right).

Correspondence

2

Blood Cancer Journal           (2024) 14:95 



Ghulam Rehman Mohyuddin 1✉, Samuel M. Rubinstein2,
Shaji Kumar 3, S. Vincent Rajkumar 3, Rafael Fonseca 4,
Nadine H. Abdallah 3, Gregory S. Calip 5, Xiaoyan Wang6,

Christina M. Parrinello7 and Douglas Sborov1
1Huntsman Cancer Institute, University of Utah, Salt lake, UT, USA.

2Lineberger Comprehensive Cancer Center, University of North
Carolina, Chapel Hill, NC, USA. 3Division of Hematology, Mayo Clinic,
Rochester, MN, USA. 4Division of Hematology, Mayo Clinic, Phoenix,
AZ, USA. 5Titus Family Department of Clinical Pharmacy, University of

Southern California, Los Angeles, CA, USA. 6Flatiron Health, New
York, NY, USA. 7Pine Mountain Consulting, Larkspur, CA, USA.

✉email: g.mohyuddin@hci.utah.edu

DATA AVAILABILITY
Data can be shared upon a reasonable request to the corresponding author.

REFERENCES
1. Palumbo A, Avet-Loiseau H, Oliva S, Lokhorst HM, Goldschmidt H, Rosinol L, et al.

Revised International Staging System for multiple myeloma: a report from
International Myeloma Working Group. J Clin Oncol. 2015;33:2863–9.

2. Schmidt TM, Barwick BG, Joseph N, Heffner LT, Hofmeister CC, Bernal L, et al. Gain
of Chromosome 1q is associated with early progression in multiple myeloma
patients treated with lenalidomide, bortezomib, and dexamethasone. Blood
Cancer J. 2019;9:94.

3. Schavgoulidze A, Lauwers-Cances V, Perrot A, Cazaubiel T, Chretien ML, Moreau
P, et al. Heterogeneity in long-term outcomes for patients with Revised Inter-
national Staging System stage II, newly diagnosed multiple myeloma. Haema-
tologica. 2023;108:1374–84.

4. Abdallah NH, Binder M, Rajkumar SV, Greipp PT, Kapoor P, Dispenzieri A, et al. A
simple additive staging system for newly diagnosed multiple myeloma. Blood
Cancer J. 2022;12:21.

5. D’Agostino M, Cairns DA, Lahuerta JJ, Wester R, Bertsch U, Waage A, et al. Second
Revision of the International Staging System (R2-ISS) for Overall Survival in
Multiple Myeloma: A European Myeloma Network (EMN) Report Within the
HARMONY Project. J Clin Oncol. 2022;40:3406–18.

6. Walker BA, Mavrommatis K, Wardell CP, Ashby TC, Bauer M, Davies F, et al. A high-
risk, Double-Hit, group of newly diagnosed myeloma identified by genomic
analysis. Leukemia. 2019;33:159–70.

7. Ma X, Long L, Moon S, Adamson BJS, Baxi SS. Comparison of population char-
acteristics in real-world clinical oncology databases in the US: Flatiron Health,
SEER, and NPCR. medRxiv. 2020.03.16.20037143. 2023.

8. Birnbaum B, Nussbaum N, Seidl-Rathkopf K, Agrawal M, Estevez M, Estola E, et al.
Model-assisted cohort selection with bias analysis for generating large-scale cohorts
from the EHR for oncology research. arXiv preprint arXiv:200109765. 2020.

9. Chen H, Zhou N, Hu X, Wang D, Wei W, Peng R, et al. The applicability of the
Second Revision of the International Staging System for patients with multiple
myeloma receiving immunomodulatory drugs or proteasome inhibitor-based
regimens as induction treatment: A real-world analysis. Hematol Oncol.
2023;41:139–46.

10. Cao Y, Gong Y, Zhou X, Sun C. Prognostic evaluation and staging optimization of
the Mayo Additive Staging System (MASS) in real world for newly diagnosed
multiple myeloma patients. Hematology. 2023;28:2208914.

11. Yan W, Fan H, Xu J, Liu J, Li L, Du C, et al. Prognostic value of the Second Revision
of the International Staging System (R2-ISS) in a real-world cohort of patients
with newly-diagnosed multiple myeloma. Chin Med J. 2023;136:1744–6.

12. Mizuguchi M, Okamoto Y, Yagi H, Kagawa K, Sekimoto E, Shibata H, et al. Clinical
relevance of high-risk cytogenetic abnormalities and the second revision of the
International Staging System (R2-ISS) in patients with multiple myeloma in clin-
ical practice. Int J Hematol. 2023;117:718–28.

13. Guo W, Zhan A, Mery DE, Munshi MN, Makhoul O, Baily C, et al. Application of R2-
ISS risk stratification to patients with multiple myeloma treated with autologous
stem cell transplants at UAMS. Blood Adv. 2023;7:6676–84.

14. Thorsteinsdottir S, Dickman PW, Landgren O, Blimark C, Hultcrantz M, Turesson I,
et al. Dramatically improved survival in multiple myeloma patients in the recent
decade: results from a Swedish population-based study. Haematologica.
2018;103:e412–5.

15. Weinhold N, Salwender HJ, Cairns DA, Raab MS, Waldron G, Blau IW, et al.
Chromosome 1q21 abnormalities refine outcome prediction in patients with
multiple myeloma - a meta-analysis of 2596 trial patients. Haematologica.
2021;106:2754–8.

AUTHOR CONTRIBUTIONS
GRM conceived the idea and wrote first draft of manuscript. CMP, GC and XW
performed statistical analysis and procured the data from the dataset. SR, SK, RF, VRK
and DS critically read the manuscript, suggested input to improve the data and
manuscript, and reviewed/approved the final manuscript.

COMPETING INTERESTS
The authors declare the following conflicts of interest: Mohyuddin: MashupMD:
Royalties for writing, and institutional funding from Janssen for Dr. Mohyuddin being a
site principal investigator for a Phase III trial. Rubinstein: Consulting with Janssen, Sanofi,
Roche Diagnostics, and EUSA Pharma. Kumar: Consulting/advisory board participation
(with no personal payments) with AbbVie, BMS, Janssen, Roche-Genentech, Takeda,
Pfizer, Loxo Oncology, K36, Sanofi, ArcellX, and Beigene. Fonseca: Antegene: Member-
ship on an entity’s Board of Directors or advisory committees; Regeneron: Consultancy;
Oncotracker: Membership on an entity’s Board of Directors or advisory committees;
Millenium: Consultancy; Binding Site: Consultancy; Janssen: Consultancy; Juno:
Consultancy; Merck: Consultancy; Pfizer: Consultancy; Aztrazenica: Consultancy; Kite:
Consultancy; Adaptive Biotechnologies: Membership on an entity’s Board of Directors or
advisory committees; Sanofi: Consultancy; BMS (Celgene): Consultancy; Takeda:
Consultancy; AMGEN: Consultancy; FISH: Patents & Royalties: FISH; AZBio: Membership
on an entity’s Board of Directors or advisory committees; Bayer: Consultancy;
Pharmacyclics: Consultancy; Caris Life Sciences: Membership on an entity’s Board of
Directors or advisory committees; Adaptive Biotechnologies: Consultancy; AbbVie:
Consultancy. Calip: Roche: Current equity holder in publicly-traded company. Wang:
Flatiron Health: Current Employment; Roche: Current equity holder in publicly-traded
company. Parrinello: Flatiron Health: Consultancy; Clue by Biowink: Consultancy;
Evidation Health: Consultancy; EQRx: Consultancy; Roche: Current equity holder in
publicly-traded company; Medicus Economics: Consultancy; Jazz Pharmaceuticals:
Consultancy; Omada Health: Consultancy; Plinth: Consultancy; TTI Health: Consultancy;
Canopy Care: Consultancy; IQ Solutions: Consultancy; Outcomes4Me: Consultancy.
Sborov: Gilead: Research Funding; Arcellx: Consultancy, Research Funding; Bioline:
Consultancy, Research Funding; Pfizer: Consultancy, Research Funding; BMS: Con-
sultancy; Abbvie: Consultancy; Sanofi: Consultancy, Research Funding; Janssen:
Consultancy, Research Funding; Amgen: Research Funding; GSK: Consultancy, Research
Funding; Cantex: Research Funding; RocheX: Research Funding.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
This research was IRB approved by the University of Utah, as part of an agreement
with Flatiron (and did not directly have any encounter with human subjects.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41408-024-01076-w.

Correspondence and requests for materials should be addressed to
Ghulam Rehman Mohyuddin.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

Correspondence

3

Blood Cancer Journal           (2024) 14:95 

http://orcid.org/0000-0001-6464-783X
http://orcid.org/0000-0001-6464-783X
http://orcid.org/0000-0001-6464-783X
http://orcid.org/0000-0001-6464-783X
http://orcid.org/0000-0001-6464-783X
http://orcid.org/0000-0001-5392-9284
http://orcid.org/0000-0001-5392-9284
http://orcid.org/0000-0001-5392-9284
http://orcid.org/0000-0001-5392-9284
http://orcid.org/0000-0001-5392-9284
http://orcid.org/0000-0002-5862-1833
http://orcid.org/0000-0002-5862-1833
http://orcid.org/0000-0002-5862-1833
http://orcid.org/0000-0002-5862-1833
http://orcid.org/0000-0002-5862-1833
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0002-5938-3769
http://orcid.org/0000-0001-9195-1589
http://orcid.org/0000-0001-9195-1589
http://orcid.org/0000-0001-9195-1589
http://orcid.org/0000-0001-9195-1589
http://orcid.org/0000-0001-9195-1589
http://orcid.org/0000-0002-7744-3518
http://orcid.org/0000-0002-7744-3518
http://orcid.org/0000-0002-7744-3518
http://orcid.org/0000-0002-7744-3518
http://orcid.org/0000-0002-7744-3518
mailto:g.mohyuddin@hci.utah.edu
https://doi.org/10.1038/s41408-024-01076-w
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Performance of newer myeloma staging systems in a contemporary, large patient�cohort
	References
	Author contributions
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




