Il RESEARCH ARTICLE

DOI: 10.4274/tjh.galen0s.2020.2020.0115
Turk J Hematol 2021;38:33-40

Evaluation of Prognostic Significance of the International
Staging System According to Glomerular Filtration Rate in Newly
Diagnosed Multiple Myeloma Patients Eligible for Autologous
Stem Cell Transplantation

Otolog Kok Hiicre Transplantasyonuna Uygun Yeni Tani Konmus Multipl Myelomlu
Hastalarda Glomerdler Filtrasyon Hizina Gore Uluslararasi Evreleme Sisteminin Prognostik
Oneminin Degerlendirilmesi
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Objective: The prognosis of multiple myeloma (MM) patients is highly
heterogeneous. The aim of this study is to determine the impact
of patients' renal functions on the prognostic performance of the
International Staging System (ISS). In addition, we aimed to evaluate
the results of survival of patients with ISS stages and normal renal
functions and those with ISS stages and abnormal renal functions
with this study.

Materials and Methods: Two hundred and four patients with newly
diagnosed MM who received an autologous stem cell transplantation
after induction chemotherapy in our tertiary care center between the
years of 2001 and 2018 were evaluated.

Results: There were 153 (75%) MM patients who had a glomerular
filtration rate (GFR) of >60 mlL/min and 51 (25%) MM patients
who had GFR of <60 mL/min at the time of diagnosis in this study.
There was a strong correlation between ISS stage and GFR. The ISS
stages were higher in patients who had GFR of <60 mL/min than
patients who had GFR of >60 mL/min (p<0.001). Patients with GFR of
<60 mL/min were significantly more prevalent in the ISS Ill group
than ISS | and Il (p<0.001).

Conclusion: This study showed that the ISS provides significant
prognostic information in MM patients with GFR of >60 mL/min at
diagnosis. However, in patients with impaired renal function at the
time of diagnosis, B2-microglobulin may not be a good prognostic
indicator since it may be affected by renal dysfunction as well as
tumor burden.

Keywords: Multiple myeloma, B2-microglobulin, International
Staging System

Amag: Multipl miyelom (MM) hastalarinin  prognozu oldukea
heterojendir. Bu calismanin amaci, hastalarin bébrek fonksiyonlarinin
Uluslararasi  Evreleme Sistemi'nin (ISS) prognostik performansi
tzerindeki etkisini belirlemektir. Ayrica bu calisma ile ISS evreli ve
bobrek fonksiyonlari normal ve anormal olan hastalarin ISS evresine
gore sagkalim sonuclarini degerlendirmeyi amacladik.

Gere¢ ve Yontemler: 2001-2018 yillari arasinda dclincii basamak
merkezimizde indiiksiyon kemoterapisi sonrasi otolog kok hiicre nakli
yapilan yeni tani konmus MM'li 244 hasta degerlendirildi.

Bulgular: Tani aninda glomeriiler filtrasyon hizi (GFR) =60 ml/dak
olan 153 (%75) MM hastasi ve GFR'si <60 ml/dak olan 51 (%25)
MM hastasi vardi. ISS evresi ile GFR arasinda giiclii bir iliski vardi. ISS
evreleri, GFR degeri <60 mL/dak olan hastalarda GFR'si >60 mL/dak
olan hastalara g6re daha yiiksekti (p<0,001). GFR degeri <60 mL/dak
olan hasta sayisi, ISS 3 grubunda ISS 1 ve 2'ye gore anlamli olarak
daha saptandi (p<0,001).

Sonug: Bu calisma, ISS'nin GFR'si >60 mL/dak olan MM hastalarinda
tanida onemli prognostik bilgi sagladigini gdstermistir. Bununla
birlikte, tani aninda bobrek fonksiyon bozuklugu olan hastalarda
B2-mikroglobulin, bdbrek fonksiyon bozuklugundan ve tiimor
yiikiinden etkilenebileceginden iyi bir prognostik gdsterge olmayabilir.
Anahtar Sozciikler: Multipl myelom, B2-mikroglobulin, Uluslararasi
Evreleme Sistemi
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Introduction

The prognosis of multiple myeloma (MM) patients is highly
heterogeneous. Tumor characteristics, microenvironment,
and host factors such as age, renal insufficiency (RI), and
comorbidities have been implicated as significant prognostic
factors in MM patients. A reproducible and easily assessable
prognostic system helps identify patients with poor prognosis
and thus helps establish treatment plans for patients with poor
prognosis [1]. Greipp et al. [2] developed the International
Staging System (ISS) for MM patients. The ISS is based on
B2-microglobulin and albumin, which are easily measured and
examined in patients. The ISS has been validated and tested in
MM patients treated with high-dose melphalan and autologous
stem cell transplantation (ASCT) or conventional chemotherapy,
and in patients treated with a new course of disease or upfront

[3].

Rl is one of the major clinical manifestations in MM patients. It
is considered as a poor prognostic factor, being associated with
shortersurvival or earlier death [4]. B2-microglobulin hasastrong
correlation with tumor burden, but serum B2-microglobulin
does not only reflect MM. ISS staging increases in patients
with elevated B2-microglobulin due to renal failure rather
than tumor burden. Since 20%-30% of MM patients present
with some degree of R, the elevation of B2-microglobulin due
to renal dysfunction can compromise the prognostic value of
the ISS [1]. The aim of this study is to determine the impact of
patients' renal functions on the prognostic performance of the
ISS. In addition, we aimed to evaluate the results of survival of
patients with ISS stages and normal renal functions and those
with ISS stages and abnormal renal functions with this study.

Materials and Methods
Study Design, Patients, and Disease Characteristics

This study was performed in a retrospective manner.
Demographic data of the patients, ISS staging, and laboratory
results were obtained from the hospital database. As a result of
the application standards of the hospitals of our tertiary care
center, it was recognized from the patient records that all of
the studied patients had given informed consent at the time of
hospitalization and before the administration of chemotherapy
and other relevant diagnostic/therapeutic standards of care.
A total of 204 consecutive patients with newly diagnosed
MM who underwent ASCT after induction chemotherapy in
our tertiary care center between the years of 2001 and 2018
were evaluated. Patients who were not eligible for ASCT were
excluded from the study. Patients who received more than one
ASCT were also excluded. Patients who received 4-6 courses
of induction chemotherapy before ASCT were included in the
study. This specific time period was chosen due to the routine
use of VCD (bortezomib/cyclophosphamide/dexamethasone), VD
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(bortezomib/dexamethasone), and VAD (vincristine, doxorubicin
and dexamethasone) as induction therapy. Response was
determined according to the current International Myeloma
Working Group response criteria [5].

Definitions

Renal function was evaluated with the estimated glomerular
filtration rate, which was calculated using the modified
Modification of Diet in Renal Disease (MDRD) formula,
which uses age, sex, and serum creatinine level (GFR in
mL/min/1.73 m2) [6]. The degree of Rl at the time of diagnosis
was staged according to the National Kidney Foundation's
Kidney Disease Outcomes Quality Initiative classification of
chronic kidney disease (stage 1 with GFR of =90 ml/min;
stage 2 with GFR of 60-89 ml/min; stage 3 with GFR of
30-59 mL/min; stage 4 with GFR of 15-29 mL/min; and stage 5
with GFR of <15 mL/min or undergoing dialysis) [7].

The ISS classification is based on serum albumin and serum
B2-microglobulin at the time of initial diagnosis, before the
initiation of anti-myeloma therapy [2]. Patients with serum
albumin of >3.5 g/dL and serum B2-microglobulin of <3.5 mg/L
were scored as stage | (ISS 1), those with serum B2-microglobulin
of >5.5 mg/L as stage I (ISS Ill), and those who did not fulfill
the stage | or Il criteria as stage Il (ISS I1).

In this study, we formed two groups: one that included patients
with at least moderate renal dysfunction, namely patients with
GFR of >60 mL/min, and another group that included patients
with GFR of <60 mL/min.

Statistical Analysis

Statistical analyses were performed using SPSS 25 (IBM Corp.,
Armonk, NY, USA). The variables were investigated using
visual (histograms, probability plots) and analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk test) to determine whether
they were normally distributed or not. Statistical comparisons
were made using chi-square tests for categorical data. The
Student t-test for two independent samples was used for
comparison of continuous numerical data. Survival analyses
were performed using the Kaplan-Meier test. Multivariate
analysis of predictors of survival was performed using the Cox
regression test. Parameters with values of p<0.20 in univariate
tests were included in the multivariate analysis. Values of p<0.05
were considered to indicate statistical significance.

Results
Patient Characteristics

A total of 204 patients were enrolled in the study between
2001 and 2018. Patient characteristics are summarized in
Table 1. There were 153 (75%) MM patients who had GFR of
>60 ml/min and 51 (25%) MM patients who had GFR of
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<60 mL/min at the time of diagnosis. There were 124 (60.8%) males
and 80 (39.2%) females with a median age of 58 (range: 35-76)
years at the time of diagnosis. The numbers of patients classified
with Eastern Cooperative Oncology Group performance status
(ECOG PS) 0-1and 2 were 148 (72.5%) and 56 (27.5%), respectively.
There was no statistically significant difference between the two
groupsin terms of ECOG PS (p=0.27) [8]. No statistically significant
difference was found between the groups in terms of age (p=0.36)
or sex (p=0.74). There was a strong correlation between ISS stage
and GFR. The ISS staging was higher in patients who had GFR of
<60 mL/min than patients who had GFR of >60 mL/min (p<0.001).
The distribution of GFR according to the ISS is depicted in
Table 2. Patients with GFR of <60 mL/min were significantly
more prevalent in the ISS Ill group than ISS | and Il (p<0.001).
Serum hemoglobin levels were higher in patients who had

GFR of >60 ml/min than patients who had GFR of
<60 ml/min (p=0.003). Serum calcium level (p=0.01),
B2-microglobulin (p<0.001), and creatinine levels (p<0.001)
were statistically significant higher in patients who had GFR of
<60 mL/min than patients who had GFR of =60 mL/min (p<0.001).
Serum platelet counts (p=0.27), lactate dehydrogenase levels
(p=0.80), and lytic bone lesions (p=0.08) showed no statistically
significant differences between the two groups. There was no
statistically significant difference between the two groups in
terms of MM types (p=0.64), relapse rates (p=0.82), and mortality
rates (p=0.87).

Overall Outcomes

The median follow-up  period was 359 months
(range: 4.2-206.4 months) for the entire group. The 5-year

Table 1. Baseline clinical and demographic characteristics of patients. |

n (%) 153 (75%) 51 (25%)

Age (range) 57 (35-76) 58 (40-69) 0.36
Sex, male/female (%) 92/61 (60.1%/39.9%) 32/19 (62.7%]/37.3%) 0.74
ECOG PS 0.27
0-1 (%) 114 (74.5%) 34 (66.7%)

2 (%) 39 (25.5%) 17 (33.3%)

ISS <0.001
ISS I (%) 99 (64.7%) 6 (11.8%)

ISS 11 (%) 45 (29.4%) 17 (33.3%)

ISS 11l (%) 9 (5.9%) 28 (54.9%)

Type of MM 0.64
Ig G kappa (%) 57 (37.3%) 15 (29.4%)

Ig G lambda (%) 27 (17.6%) 10 (19.6%)

Ig A kappa (%) 23 (15%) 6 (11.8%)

Ig A lambda (%) 11 (7.2%) 5 (9.8%)

Ig D lambda (%) 2 (1.3%) 0

Ig M kappa (%) 2 (1.3%) 1 (2%)

Kappa light chain (%) 20 (13.1%) 6 (11.8%)

Lambda light chain (%) 11 (7.2%) 8 (15.7%)

Serum Hb level at diagnosis (g/dL) 11.9 (6.3-16.3) 10.9 (6.4-16.6) 0.003
Serum PLT level at diagnosis (/nL) 220 (23-663) 224 (94-514) 0.27
Serum creatinine level at diagnosis (mg/dL) 0.7 (0.3-1.5) 2 (1-13.8) <0.001
Serum calcium level at diagnosis (mmol/L) 9.1(7.6-12.5) 9.4 (8-12.8) 0.01
LDH>UNL at diagnosis (%) 99 (64.7%) 32 (62.7%) 0.80
B2-microglobulin level 2.3 (0.9-18.5) 5.9 (1.2-33.9) <0.001
Lytic bone lesion (%) 75 (49.0%) 32 (62.7%) 0.08
Relapse rate (%) 43 (28.1%) 15 (29.4%) 0.85
Mortality rate (%) 28 (18.3%) 6 (11.8%) 0.27
5-year OS (%) 75% 78% 0.25
5-year DFS (%) 46% 55% 0.57
DFS: Disease-free survival; ECOG PS: Eastern Cooperative Oncology Group performance status; Hb: hemoglobin; LDH: lactate dehydrogenase; ISS: International Staging System; OS:
overall survival; PLT: platelet; UNL: upper normal limit; lg: immunoglobulin.
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overall survival (0S) for all patients was 77% in MM patients
staged as ISS |, 85% in MM patients staged as ISS Il, and 59%
in MM patients staged as ISS Ill (p=0.36) The 5-year disease-
free survival (DFS) rate for all patients was 48% in MM patients
staged as ISS |, 51% in MM patients staged as ISS II, and 48% in
MM patients staged as ISS I (p=0.76) (Figure 1).

The 5-year OS for patients with GFR of =60 mL/min was 75%
in MM patients staged as ISS |, 86% in MM patients staged as
ISS Il, and 0% in MM patients staged as ISS Ill (p=0.002). The
5-year DFS for patients with GFR of =60 mL/min was 46% in
MM patients staged as ISS I, 52% in MM patients staged as ISS
I, and 0% in MM patients staged as ISS Il (p=0.25) (Figure 2).

The 5-year OS for patients with GFR of <60 mL/min was 100%
in MM patients staged as ISS I, 80% in MM patients staged as
ISS I, and 72% in MM patients staged as ISS Il (p=0.46). The
5-year DFS for patients with GFR of <60 ml/min was 66%
in MM patients staged as ISS I, 42% in MM patients staged as
ISS I, and 55% in MM patients staged as ISS 1l (p=0.80) (Figure 3).

Cox Regression Analysis

Univariate and multivariate Cox regression analyses were
performed for the factors that could affect OS and DFS. We
evaluated Cox regression analysis in two different groups
according to the patients’ GFR values. In univariate analyses

the factors that affected OS were the age of the patients
(p=0.09), ISS staging (ISS I, 1) (p=0.17), and ECOG PS (p=0.12)
of the patients with GFR of >60 mL/min, as shown in Table 3.
Cox regression analysis revealed no parameters to predict OS. In
univariate analyses, the factors that affected DFS were age of
the patients (p=0.09) and ECOG PS (p=0.12) of the patients with
GFR of >60 mL/min. Cox regression analysis revealed only age of
the patients (p=0.009) as being able to predict DFS.

In univariate analyses, the factors that affected OS were lytic
bone lesions (p=0.17) and ECOG PS (p=0.02) of the patients
with GFR of <60 mL/min, as shown in Table 3. Cox regression
analysis revealed ECOG PS and lytic bone lesions to predict OS.
In univariate analyses, the factors that affected DFS were lytic
bone lesions (p=0.16) and ECOG PS (p=0.01) of the patients
with GFR of <60 mL/min. Cox regression analysis revealed only
ECOG PS of the patients (p=0.006) as being able to predict DFS
(Table 3).

Discussion

MM is characterized by heterogeneity in the clinical course of
the disease and thus risk stratification is essential for prediction
of prognosis. For developing a more clinically appropriate,
objective, and applicable staging system for MM, the ISS was
recommended [2]. Serum B2-microglobulin and serum albumin
were evaluated as the most consistent and extensively feasible

Table 2. Distribution of patients according to the International Staging System and glomerular filtration rates. |

Parameters ISS | IS Il IS Il P
GFR at diagnosis n (%) n (%) n (%) <0.001
>60 (%) 99 (94.3%) 45 (72.6%) 9 (24.3%)
<60 (%) 6 (5.7%) 17 (27.4%) 28 (75.7%)
Serum creatinine level (mg/dL) at diagnosis 0.7 (0-3-1.7) 0.8 (0.3-5.6) 1.9 (0.6-13.8) <0.001
GFR: Glomerular filtration rate; ISS: International Staging System.
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Figure 1. Overall survival (0S) (p=0.36) and disease-free survival (DFS) (p=0.76) for all patients.
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prognostic factors among a number of statistically significant
parameters correlated with survival outcomes [2]. The ISS is based
on the measurement of serum albumin and B2-microglobulin
levels. However, the cutoff levels have remained a matter of
controversy because Rl could elevate B2-microglobulin levels
even in patients with low tumor burden. Therefore, the ISS
cannot consistently provide a good estimate of tumor burden
[9]. As a result, it may not accurately predict survival outcomes.
In this study, our aim was to evaluate whether the staging of
the ISS according to GFR would be effective in predicting the
prognosis of patients and survival outcomes.

This study indicated that ISS staging is affected by the degree
of GFR. Of the 204 patients we evaluated, GFR was less than
60 mL/min at the time of diagnosis in 51 (25%) patients. The
B2-microglobulin levels were significantly higher in these
patients than in the patients with GFR of >60 mL/min. OS and
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1.0 GFR 260
= mL/min
a 1SS 1
”.‘ ’ Igg I
. L 1SS 1l
08 + 188 I-censored
1.2 1SS Il-censored
L 1SS Ill-censored
T 06
E
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w
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(8]
0.21
0.01
T T T T T J
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DFS were not significantly correlated with ISS for all patients.
However, when we analyzed patients with GFR of >60 mL/min,
0S was significantly higher in patients with ISS | and Il staging
than in patients with ISS IIl. DFS was not statistically significant
in patients with GFR of >60, but DFS was higher in patients
with ISS | and Il staging than in patients with ISS lll. When we
analyzed the patients with GFR of <60, there was no significant
correlation between OS or DFS and ISS stages. The low patient
number might have resulted in this lack of a correlation of
0S and DFS with ISS. If the number of patients with GFR of
<60 mL/min was higher, OS and DFS could have differed
statistically. We found that particularly in patients with ISS IlI
disease, which includes the majority of patients with RI, the
degree of renal dysfunction as assessed by either GFR or serum
creatinine does not have any prognostic impact on OS and DFS in
either univariate or multivariate analysis. These results suggest
that there may be no prognostic significance of ISS stage in

Figure 2. Overall survival (0S) (p=0.002) and disease-free survival (DFS) (p=0.25) for patients with GFR of =60 mL/min.
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Figure 3. Overall survival (0S) (p=0.46) and disease-free survival (DFS) (p=0.80) for patients with GFR of <60 mL/min.
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patients with renal failure at the time of diagnosis, because the
level of B2-microglobulin due to renal failure will increase even
if the tumor burden is low.

The GFR as estimated by the MDRD equation has not been
developed to evaluate acute renal failure [6], which is present
in many MM patients [10]. A more comprehensive evaluation,
including data about renal function before the diagnosis of MM
and the course of renal function over a period of time, would be
necessary to assess MM-related acute renal failure [1]. However,
such data are available only for a small fraction of patients. In
this case, it was one of the limitations of our study. Another
limitation is that the study was retrospective. Additionally, in
this study, the prognostic significance of the ISS was evaluated
according to the GFR only in newly diagnosed MM patients
eligible for ASCT. Patients who were not eligible for ASCT were
excluded from the study.

The incidence of Rl in MM varies from series to series. One
study showed that 21% of new patients with MM presented
with renal failure as defined by serum creatinine of
>2 mg/dL [11]. Alexanian et al. [12] showed that only 3% of patients
with low tumor burden presented with creatinine of >2 mg/dL
while 40% of patients with high tumor burden had creatinine of
>2 mg/dL. Thus, the study showed that in patients with ISS
[ll disease, which includes many patients with renal failure,
elevated B2-microglobulin remains a strong surrogate of tumor
burden, despite its increase due to RI [12]. The ISS has been used

as an independent prognostic system in recent years, but it is
unable to reflect the cytogenetic abnormalities of MM patients.
Some new prognostic factors were found using fluorescent
in situ hybridization (FISH), karyotypes, and serum free light
chains [13,14]. A recent study from the IMWG combined the ISS,
calcium, LDH, and FISH data to produce the Revised-ISS (R-ISS)
[15]. In another study, the incidence of Rl was 31% in newly
diagnosed patients with MM, and it was shown to be affected
by renal response, treatment, and ISS staging [16]. Renal failure
is a prognostic factor in MM patients, as it positively correlates
with increased mortality [17]. Goswami et al. [18] have shown
that existing MM staging systems (the ISS and Durie-Salmon
staging) are not sufficient for distinguishing between risk
groups. They reported that certain variables (recurrence after
remission, number of regimens used before transplantation,
response to induction chemotherapy, serum albumin level,
pre-transplant M-protein level) are important factors in
predicting OS and DFS. Another recent study showed that pre-
transplantinduction therapy is an independent prognostic factor
for DFS, while ISS stage and post-transplant complete response
and very good partial response are independent prognostic
factors for OS and DFS [19]. Besides all these, the widespread
development, validation, and clinical use of molecular
technologies such as FISH and next-generation sequencing
have led to the identification of a number of prognostic and
predictive biomarkers for DFS, OS, and treatment response
[20,21,22].

Table 3. Univariate and multivariate analyses (Cox model) of overall survival and disease-free survival. |

Patients with GFR of >60 mL/min Patients with GFR of <60 mL/min

Univariate - Univariate L
Multivariate analyses Multivariate analyses
analyses analyses

Parameters for OS

Hazard 95% confidence
ratio interval

zard | 95% confidence
ratio interval

Age (>58) 0.09 0.482 0.219-1.061 0.07 |0.92

Sex (male/female) 0.48 0.72

ISS staging (I-11) 0.17 1.426 0.754-2.696 0.27 |0.25

Type of MM 0.65 0.96

ECOG PS (0-1) 0.12 1.742 0.788-3.848 0.17 |0.02 21.421 | 2.070-221.641 0.01
LDH level (normal) 0.34 0.97

Lytic bone lesions 0.22 0.17 7.772 1.102-54.793 0.04
Parameters for DFS

Age (>58) 0.01 0.475 0.272-0.829 0.009 | 0.63

Sex (male/female) 0.96 0.79

ISS staging (I-11) 0.38 0.80

Type of MM 0.94 0.41

ECOG PS (0-1) 0.18 1.566 0.891-2.752 0.1 0.01 3.869 1.461-10.244 0.006
LDH level (normal) 0.59 0.50

Lytic bone lesions 0.23 0.16 2.737 0.911-8.225 0.07
ECOG PS: Eastern Cooperative Oncology Group performance status; ISS: International Staging System; LDH: lactate dehydrogenase; MM: multiple myeloma; UNL: upper normal limit.
Note: Univariate comparisons with values of p<0.20 were included in the multivariate analyses.
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Conclusion

This study showed that the ISS provides significant prognostic
information in MM patients with GFR of 260 mL/min at diagnosis.
However, in patients with impaired renal function at the time
of diagnosis, B2-microglobulin may not be a good prognostic
indicator since it may be affected by renal dysfunction as well
as tumor burden. The addition of other factors such as LDH,
karyotyping, or FISH analysis may improve prognostic ability.
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