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Objective

The physical fitness of older individuals is heterogeneous, making it difficult to know their chemotherapy tolerance. The toxicities may offset the benefits of anti-myeloma therapy in frail patients. The accurate evaluation of frailty status before chemotherapy is essential. We aimed to explore the applicability of the IMWG GA and develop a new frailty screening tool more suitable for Chinese MM patients.



Cases and methods

We performed the IMWG GA and the full CGA in 167 MM patients and validated the applicability of the IMWG GA to chemotherapy and prognosis. The CGA domains were screened for their predictive value to improve IMWG GA and develop new frailty screening tools.



Results

The results showed that the IMWG GA had limitations in distinguishing the risk of grade ≥3 adverse events (AEs) between fit and int-fit patients. Of the CGA domains, TUG and MNA-SF were independent prognostic factors for grade ≥3 AEs and OS and further stratified the risk of grade ≥3 AEs in the IMWG GA int-fit subgroup (P< 0.05). We combined TUG and MNA-SF to construct the TM frailty score. The frail subgroup had a higher proportion of adverse outcomes, a higher hazard ratio (HR) in Cox regression and a higher Harrell’s C-index for distinguishing the risk of grade ≥3 AEs and OS than the IMWG GA frail subgroup.



Conclusion

The TM frailty score is more suitable than the IMWG GA for evaluating chemotherapy tolerance and prognosis in the Chinese population.
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1 Introduction

MM is more common in the older population and, to date, is an incurable hematologic malignancy. The widespread use of novel agents improves overall survival (OS) (1), but the improvement of older individuals is not as good as that of young individuals. The main reason is that the chemotherapy tolerance of older individuals is lower; additionally, these individuals cannot tolerate high-intensity chemotherapy to obtain better remission depth, and death from severe chemotherapy toxicity has been observed in this population (2). Furthermore, even among older patients of the same age, physical fitness is heterogeneous. This heterogeneity makes it difficult for therapists to predict the chemotherapy intensity that will match the patient’s chemotherapy tolerance (3, 4). This is more likely to lead to severe chemotherapy-related adverse effects or inadequate treatment and difficulty achieving optimal clinical outcomes.

The accurate evaluation of frailty status is essential before administering chemotherapy. There are several specialized frailty assessment tools for patients with MM, such as the IMWG GA (5), Revised Frailty Algorithm (6), Revised Myeloma Comorbidity Index (7), and Mayo Frailty Model (8), among which IMWG GA is the most widely used frailty assessment tool in the literature for patients with myeloma. The IMWG GA comprises age and three additional domains, the Charlson comorbidity index (CCI), activities of daily living (ADL) and instrumental activities of daily living (IADL), stratified patients into three subgroups of fit, Int-fit and frail (5). IMWG GA evaluation well stratified the risks of nonhematological grade ≥3 AEs and prognosis in older MM patients (5). However, the development and validation of the IMWG GA were based on Western MM populations, and its applicability in the Chinese population remains to be further explored.

The CGA is a multidimensional evidence-based assessment of functional status, comorbidities, nutritional status, psychosocial status, and other domains (9). CGA impairment is highly consistent with patients’ functional independence, hospital length of stay, and the risk of mortality and has been proven to be a powerful predictor of chemotherapy-related AEs for older individuals with cancer (10). Currently, the American Society of Clinical Oncology (11) and International Society of Geriatric Oncology (12) guidelines recommend the CGA for evaluating the physical fitness of older patients with cancer to predict their treatment tolerability.

In this study, we aimed to explore the applicability of the IMWG GA in Chinese MM patients and screened the valuable domains of CGA to further improve the predictive value of IMWG GA. We used the findings to develop a new frailty assessment tool more suitable for the Chinese MM population.



2 Methods


2.1 Patients and methods

This study was a single-center retrospective study. Ethical approval was obtained from the ethics committee of the First Affiliated Hospital of Sun Yat-sen University. The recruited population comprised consecutive patients newly diagnosed with MM from June 2019 to September 2021. All patients provided informed consent. All patients were diagnosed as symptomatic MM according to the 2014 IMWG criteria (13). There were no age restrictions for inclusion in our study. The included patients were those who were willing and able to comply with the study regulations alone or with the assistance of their family members. Patients had to agree to undergo medically supervised chemotherapy, report adverse events after chemotherapy and accept subsequent efficacy evaluation. Patients who refused chemotherapy, did not receive chemotherapy or did not cooperate with the study team in getting chemotherapy on time were excluded. Patients who were discharged from the hospital or treated in other medical institutions and patients whose adverse events, disease progression, survival and other information after chemotherapy could not be collected during follow-up visits or via telephone were also excluded.



2.2 The IMWG GA and CGA

All enrolled patients underwent the IMWG GA and full CGA before chemotherapy. The assessment included questions on age, ADL (14), IADL (15), and the CCI (16). According to the methods and evaluation criteria defined in the original text of the IMWG GA (5), the patients with a final total score of 0 were classified as fit; those with a score of 1 were classified as int-fit; and those with scores of 2-5 were classified as frail.

The participants underwent the CGA using standardized methods administered by trained clinicians. Eight health domains considered essential to patients’ overall health status were evaluated: (1) The Timed Up and Go (TUG) test of the CGA was used to assess the level of functional status, as it not only measures mobility but also is an objective, quantifiable indicator of an individual’s physical fitness and functional capacity (17). According to the TUG distribution characteristics of our patients and those in previous reports, we used TUG <8 s, 8-12 s, and >12 s as the cutoff values, where TUG>8 s indicated functional status impairment. (2) Comorbidities were assessed using the CCI (16). (3) Nutritional status was evaluated using the Mini Nutritional Assessment-Short Form (MNA-SF) (18). The total weighted MNA-SF score ranged from 0 to 14, with a score of 8 to 11 indicating a risk of malnutrition and a score of 7 or lower indicating malnutrition. (4) Polypharmacy was defined as the concurrent prescription of ≥ 5 long-term medications (19). (5) Cognitive impairment was evaluated using the Mini Cognitive Scale (Mini-Cog) (range 0-5) (20). (6) The Hospital Anxiety and Depression Scale (HADS) (21) was used to assess psychological status, where a HADS score of more than 7 points (range 0-21) indicated psychological impairment. (7) The Medical Outcomes Study–Social Support Survey (MOS-SSS) (22) was used to assess social support. It has a total of 20 items and a score that ranges from 20 to 100 points, where higher scores indicate better perceived social support. (8) Geriatric syndrome was defined as a self-reported history of more than two age-related symptoms, such as hearing impairment, vision impairment, sleeping disorder, and falls (23).



2.3 Follow-up

The induction regimen of transplant-eligible patients was a three-drug regimen of bortezomib, doxorubicin, and dexamethasone (PAD). After 4-6 cycles of induction therapy followed by autologous stem cell transplantation (ASCT) and maintenance treatment. Patients who were ineligible for ASCT were treated with eight cycles of a two-drug regimen induction therapy, mainly bortezomib and dexamethasone (VD) or lenalidomide and dexamethasone (RD), followed by maintenance treatment. The maintenance treatment used single-agent immunomodulators (thalidomide, lenalidomide) or VD.

The follow-up observational assessments after chemotherapy included the following: 1) adverse reactions to chemotherapy, where all chemotherapy-related toxicities were evaluated according to the Common Terminology Criteria for Adverse Events 5.0 (CTCAE_V 5.0, 2017), and only grade ≥3 AEs were recorded; 2) treatment discontinuation defined as missed chemotherapy, delay of more than two weeks, or suspension of treatment; and 3) time to progression (TTP) and OS, where TTP and OS were defined as the time from observation to progression or death. Disease progression was defined according to the IMWG criteria (24).

In the follow-up observation of grade ≥3 AEs and treatment discontinuations, the observation time of patients eligible for ASCT was from induction therapy until hematopoietic stem cell mobilization (approximately 4-6 chemotherapy cycles). Patients who were ineligible for ASCT underwent 8 chemotherapy cycles. The deadline for the calculation of TTP and OS was September 30, 2021.



2.4 Statistical analysis

Continuous variables are presented as medians (interquartile ranges (IQRs)), and categorical variables are summarized according to each category’s number and percentage of patients. Adverse reactions related to chemotherapy were summarized according to the number of events, and descriptive statistics were used to describe the baseline characteristics of the patients and the AE results. The Kaplan–Meier (KM) method was used to analyze the correlation between grade ≥3 AEs, treatment discontinuation, TTP, and OS. The log-rank test was used to compare the curves. The Cox proportional hazards model was used to perform multivariate analysis. A receiver operating characteristic (ROC) curve was performed and Areas under the curve (AUCs), sensitivity, and specificity were reported to reflect recognition ability of the functional status tools, and the differences in the AUC values were compared using the Delong test. The diagnostic ability of these indicators was evaluated by calculating Harrell’s C-index; a C-index between 0.50 and 0.70 indicated low accuracy, and a C-index > 0.70 indicated good performance. Most statistical analyses were performed with SPSS (SPSS Statistics, Version 26.0.; IBM, Armonk, NY, USA). The C-index was computed using R, version 2.14.2. P<0.05 indicated that the difference was statistically significant.




3 Results


3.1 The applicability of the IMWG GA in Chinese MM patients


3.1.1 Patient characteristics and IMWG GA assessment results

A total of 176 patients met the inclusion criteria, 5 refused chemotherapy, and 4 did not cooperate with data collection. Thus, 167 patients were included in the final analysis. The baseline disease characteristics of the patients are shown in Table 1. According to the IMWG GA, 62 (37.1%) patients were classified as fit, 53 (31.7%) as int-fit, and 52 (31.1%) as frail.


Table 1 | Baseline disease characteristics of the patients (N=167).





3.1.2 The IMWG GA successfully predicted grade ≥3 AEs but not treatment discontinuation

In total, 99 patients experienced 246 grade ≥3 AEs. The grade ≥3 AEs were classified as hematological AEs and nonhematological AEs (Supplementary Table 1). Grade ≥3 AEs were recorded in 28 (45.2%) fit, 29 (54.7%) int-fit, and 42 (80.8%) frail patients.

The risk of grade ≥3 AEs in the IMWG GA frail subgroup was significantly increased after chemotherapy and was well distinguished from the risk in the fit subgroup (log-rank test, P<0.001; HR 1.59, 95% CI 1.13-2.23, P=0.008) and int-fit subgroup (log-rank test, P=0.011; HR 1.45, 95% CI 1.04-2.32, P=0.028), whereas there was no significant difference between the fit and int-fit subgroups (log-rank test, P=0.511; HR 1. 09, 95% CI 0.75-1.58, P=0.599) (Figure 1A, Table 2).




Figure 1 | KM analysis of grade ≥3 AEs, treatment discontinuation, time to progression (TTP) and overall survival (OS) according to the IMWG GA subgroups. According to the IMWG GA evaluations, the patients were classified as fit, int-fit, or frail. The three subgroups were compared according to the (A) cumulative incidence of grade ≥3 AEs; (B) cumulative incidence of treatment discontinuation; (C) TTP; and (D) OS.




Table 2 | Multivariate analysis of the impact of the IMWG GA results on the incidence of grade ≥3 AEs, treatment discontinuation, TTP, and OS.



In total, 56 patients experienced 74 treatment discontinuation events, including 13 (20.1%) fit patients, 18 (34.0%) int-fit patients, and 25 frail (48.1%) patients. No statistically significant difference in the risk of treatment discontinuation between IMWG GA subgroups was observed (log-rank test, P>0.05, Figure 1B).



3.1.3 The IMWG GA fit subgroup had better OS but not TTP

After a median follow-up of 12 months (IQR 6-21), 22 (13.2%) deaths were observed: 16 (9.58%) patients died of disease progression, including 2 (3.2%) in the fit subgroup, 9 (16.9%) in the int-fit subgroup, and 5 (9.61%) in the frail subgroup. Five (3.0%) patients died of adverse chemotherapy reactions, including 1 (1.9%) in the int-fit subgroup and 3 (5.77%) in the frail subgroup. One patient died of other reasons.

The 1-year progression-free rate was 82.2% in the fit subgroup, 63.3% in the int-fit subgroup, and 71.5% in the frail subgroup. The int-fit subgroup was associated with a short TTP by the KM curve (log-rank test, P=0.029; Figure 1C), but this lost statistical significance in multivariate analysis (HR 1.90, 95% CI 0.90-4.02, p=0.092) (Table 2).

The 1-year OS rate was 93.5% in the fit subgroup, 79.3% in the int-fit subgroup, and 76.0% in the frail subgroup. The patients in the int-fit (HR 3.69, 95% CI 1.01-13.52, P=0.049) had a shorter OS time than those in the fit subgroup (log-rank test, P<0.05; Figure 1D), while no significant difference was observed between the fit and frail subgroups (HR 3.08, 95% CI 0.81-11.72, P=0.098). There was no significant difference in OS between the int-fit and the frail subgroups (HR 0.84, 95% CI 0.34-2.08, P=0.703).




3.2 Screening for valuable CGA domains to improve the predictive ability of IMWG GA


3.2.1 Of the CGA domains, TUG and MNA-SF are independent risk factors for grade ≥3 AEs and OS

We performed a full CGA on most patients to screen for the valuable CGA domains to improve the predictive ability of IMWG GA. A total of 135 (80.84%) patients completed the full CGA (Table 3).


Table 3 | Characteristics of 8 domains of the CGA (N=135).



The relationship between the full CGA domains and adverse clinical outcomes was investigated by multivariate Cox regression and adjusted for age and R-ISS stage (Supplementary Table 2.). The results showed that functional status (TUG) and nutritional status (MNA-SF) were independent risk factors for grade ≥3 AEs (TUG: HR 1.39, 95% CI 1.17-1.64, P=0.001; MNA-SF: HR 1.39, 95% CI 1.14-1.67, P=0.001) and OS (TUG: HR 2.11, 95% CI 1.26-3.58, P=0.006; MNA-SF: HR 1.85, 95% CI 1.01-3.40, P=0.046). Only the Min-Cog test was a statistically meaningful indicator (HR 0.56, 95% CI 0.32-1.00, P=0.049) for treatment discontinuation. No significant associations were observed between any CGA domain and TTP (P>0.05).



3.2.2 TUG can better identify chemotherapy tolerance and poor prognosis than ADL and IADL

We further explored whether TUG has advantages over ADL and IADL in reflecting chemotherapy tolerance and prognosis. In the ROC curves, TUG performed well in identifying grade ≥3 AEs over 4 cycles of induction chemotherapy, with an area under the curve (AUC) of 0.717, which was significantly better than that of ADL (AUC=0.600, ΔAUC=0.117; Z-test, Z=3.282, P=0.001) and an expected trend better than that of IADL (AUC=0.640, ΔAUC=0.077; Z-test, Z=1.70, P=0.074) (Table 4) (Supplementary Table 3). Even combining ADL and IADL, their AUC improved to 0.669, but they still did not perform as well as TUG (ΔAUC=0.048; Z - test, Z = 1.164, P = 0.244). No predictive value was observed for disease progression within one year (AUC 0.509-0.544, P>0.05). In the ROC analysis for death within 1 year, the TUG had a better AUC (0.629, p<0.05), but the AUC for this parameter was not significantly different than that for other functional status tools.


Table 4 | Diagnostic value of functional status tools for AEs ≥ grade 3, treatment discontinuation, disease progression and death.



In Cox multivariate analysis adjusted for age, and R-ISS stage, TUG (HR 2.11, 95% CI 1.26-3.58, P=0.006) was confirmed to be independently associated with OS. However, the ADL and IADL subgroups showed no statistical significance (ADL: HR 1.28, 95% CI 0.43-3.75, P=0.650; IADL: HR 1.89, 95% CI 0.77-4.67, P=0.167) (Supplementary Table 4).



3.2.3 TUG and MNA-SF can be used to further distinguish the risk of grade ≥3 AEs in the IMWG GA int-fit subgroup

Based on the above results, TUG and MNA-SF were potentially valuable CGA domains for improving the discriminatory ability of IMWG GA. We found that 22.6%, 56.6%, and 76.9% of the patients in the IMWG GA fit, int-fit, and frail subgroups exhibited TUG impairment (TUG >8 s), respectively, and 37.1%, 66.0%, and 88.5% of them were at risk of malnutrition (MNA-SF ≤11).

We further explored whether the TUG and MNA-SF scores could stratify the risk of AEs in IMWG GA subgroups. In the KM curves (Figure 2), TUG only stratified the risk of grade ≥3 AEs in the int-fit subgroup (log-rank test, P = 0.003), but no significant association was found in the fit and frail subgroups (log-rank test, P =0.431 and 0.205, respectively). MNA-SF stratified the risk of grade ≥3 AEs both in the fit and int-fit subgroups (log-rank test, P =0.036 and 0.033, respectively), but no significant association was found in the frail subgroup (log-rank test, P =0.485).




Figure 2 | KM analysis of the occurrence of grade ≥3 AEs in the IMWG GA subgroups according to the TUG and MNA-SF scores. The rate of grade ≥3 AEs in the IMWG GA subgroups was stratified by the TUG (A–C) and MNA-SF (D–F) scores. TUG only stratified the risk of grade ≥3 AEs in the int-fit subgroup (B), but no significant association was found in the fit and frail subgroups (A, C). The MNA-SF stratified the risk of grade ≥3 AEs both in the fit and int-fit subgroups (D, E), but no significant association was found in the frail subgroup (F).






3.3 Adding the MNA-SF did not satisfactorily improve the frailty evaluation performance of the IMWG GA

Given that the MNA-SF well stratified the IMWG GA subgroups in the risk of grade ≥3 AEs and nutritional status evaluation was not included in the IMWG GA, we decided to combine the MNA-SF with the IMWG GA to develop a new frailty score, the IMWG GA PLUS frailty score. We divided the patients into 6 subgroups according to their MNA-SF and IMWG GA subgroups and drew a KM curve as a basis for frailty stratification (Figures 3A, B).




Figure 3 | Establishment of the IMWG GA PLUS frailty score as the combination of the IMWG GA score and the MNA-SF score of the CGA. KM analysis for the occurrence of grade ≥3 AEs in recategorized subgroups according to the combination of the IMWG GA and MNA-SF (A). Distribution of MNA-SF score in the IMWG GA subgroups and the final grouping using the IMWG GA PLUS frailty score (B). The KM curve showed that IMWG GA PLUS significantly distinguished the risk of grade ≥3 AEs (C) and tended to distinguish the risk of treatment discontinuation (p=0.051) between patients in the fit and frail subgroups (D). There was no significant difference in TTP (E). The KM curve for OS of IMWG GA PLUS seemed similar to that of the IMWG GA (F).



The patients were stratified into three subgroups according to the KM curves: (1) IMWG GA-fit+ MNA-SF score >11 and IMWG GA-int-fit+ MNA-SF score >11 in the IMWG GA PLUS fit subgroup; (2) IMWG GA-fit+ MNA-SF score ≤11, IMWG GA-int-fit+ MNA-SF score ≤11, and IMWG GA-frail+ MNA-SF score >11 in the IMWG GA PLUS int-fit subgroup; and (3) IMWG GA-frail+ MNA-SF score ≤11 in the IMWG GA PLUS frail subgroup. The final IMWG GA PLUS groupings are shown in Figure 3B. After stratification by IMWG GA PLUS, there were 57 (34.13%), 64 (38.32%), and 46 (27.55%) patients in the fit, int-fit, and frail subgroups, respectively.

The IMWG GA PLUS fit subgroup had a significantly different risk of grade ≥3 AEs than patients in the int-fit (log-rank test, P=0.005) and frail subgroups (log-rank test, P<0.001) had, while the risk between the int-fit and frail subgroups (log-rank test, p=0.138; Figure 3C) was not well distinguished. Regarding the risk of treatment discontinuation, the fit subgroup appeared to be distinguishable from the int-fit and frail subgroups (log-rank test, P=0.032 and 0.051, respectively) (Figure 3D). No differences in TTP were found across the IMWG GA PLUS subgroups (Figure 3E). For OS, the KM curve of IMWG GA PLUS seemed similar to that of the IMWG GA: patients in the fit subgroup were distinguishable from those in the int-fit and frail subgroups (log-rank test, P=0.041 and 0.014, respectively) (Figure 3F).

Harrell’s concordance index (C-index) values of IMWG GA PLUS were 0.701 (P<0.001) for grade ≥3 AEs and 0.656 (<0.001) for treatment discontinuation, showing a better predictive ability than the IMWG GA (C-index values of 0.662 and 0.636, respectively; P<0.05) (Table 5). However, the C-index of IMWG GA PLUS for OS was 0.618 (P=0.020), which was lower than that of the IMWG GA (0.631, P=0.029). Our results suggest that IMWG GA PLUS was not predictive of TTP (P=0.926).


Table 5 | Harrell’s concordance index (C-index) in different frailty assessment tools.





3.4 Development and validation of a new frailty prediction model


3.4.1 Including selected CGA indicators to develop a novel frailty scoring system

Adding only MNA SF to IMWG GA did not satisfactorily improve the ability to identify frailty. Given that TUG can better identify the chemotherapy tolerance and poor prognosis, we decided to replace ADL and IADL with TUG. We included the TUG and MNA-SF scores along with the original factors in the IMWG GA (age, CCI) to establish a multivariate Cox regional model for predicting grade ≥3 AEs. We randomly selected 83 patients as the training set, and the remaining patients were the validation set. There was no significant difference between these two subsets (Supplementary Table 5). The results of the multivariate Cox analysis in the training set are shown in Table 6. Finally, a scoring system was developed consisting of TUG, MNA-SF, named the TM frailty score. Patients were divided into 3 subgroups according to the TM frailty score: 0 = fit; 1 = int-fit; 2-4 = frail.


Table 6 | Multivariate Cox proportional hazards model for grade ≥3 AEs.





3.4.2 Validation of the TM frailty score for distinguishing patients at risk of adverse clinical outcomes

In the validation set stratified by the TM frailty score, 27 (32.1%), 26 (31.0%), and 31 (37.7%) patients were in the fit, int-fit and frail subgroups, respectively. Grade ≥3 AEs were recorded for 7 (25.9%) fit, 14 (53.9%) int-fit, and 29 (93.6%) frail patients.

The TM frailty score well distinguished the risk of grade ≥3 AEs in the fit and frail subgroups (log-rank test P<0.001; HR 2.03, 95% CI 1.02-4.03, P=0.002), as well as the fit and int-fit subgroups (log-rank test, P =0.021; HR 2.62, 95% CI 1.41-4.89, P=0.044) (Figure 4A, Table 7). The risk of grade ≥3 AEs was not well distinguished between the int-fit and frail subgroups (log-rank test, P =0.177). As shown in Figure 4B, the risk of treatment discontinuation was distinguished between the fit and frail subgroups (log-rank test, P=0.023) and between the int-fit and frail subgroups (log-rank test, P=0.027), but the statistical significance was lost in the multivariate analysis (p>0.05).




Figure 4 | Predictive performance of the TM frailty score in the validation set (N=84). KM analysis of the occurrence of grade ≥3 AEs (A) and treatment discontinuation (B) according to the TM frailty scores of subgroups in the validation set. There was no significant difference in TTP (C) between the TM frailty score subgroups. The int-fit and fit subgroups showed better OS (D) than the frail subgroup.




Table 7 | Multivariate analysis of the impact of the TM frailty score in different datasets.



The 1-year progression-free rate was 78.3% in the fit subgroup, 91.3% in the int-fit subgroup, and 47.9% in the frail subgroup. The 1-year OS rate was 95.7% in the fit subgroup, 93.3% in the int-fit subgroup, and 59.3% in the frail subgroup. No statistically significant difference in TTP between the TM frailty score subgroups was observed (P>0.05; Figure 4C). In the TM frailty score subgroups, OS was well distinguished between the fit and frail subgroups (log-rank test P=0.006; HR 9.28, 95% CI 1.17-73.33, P=0.035) and nearly significantly between the int-fit and frail subgroups (log-rank test P=0.022; HR 7.35, 95% CI 0.93-58.82, P=0.058). No difference was observed between the fit and int-fit subgroups (log-rank test P=0.846) (Figure 4D, Table 7).



3.4.3 The ability of the TM frailty score to predict clinical outcomes

The C-index values of the TM frailty score for grade ≥3 AEs and OS were 0.741 and 0.702, respectively, showing much better predictive ability than the IMWG GA and IMWG GA PLUS (Table 5). The TM frailty score also helped identify the risk of treatment discontinuation (C-index=0.690, P<0.001). The TM frailty score could not identify the risk of TTP (C-Index=0.545, P=0.397).





4 Discussion

This study tested the IMWG GA to clarify its applicability in the Chinese MM population. In the IMWG GA subgroups, frail patients had a higher rate of grade ≥3 AEs, a higher rate of treatment discontinuation, and a greater risk of death than the fit subgroup. These findings indicate that the IMWG GA has clinical practical applicability to distinguish the risk of adverse clinical outcomes in Chinese MM patients. However, the IMWG GA was limited in that it could not distinguish the risk of grade ≥3 AEs or treatment discontinuation between the fit and int-fit subgroups. This suggests that the IMWG GA has limited applicability, so improvements were needed to achieve satisfactory risk stratification.

The reasons for the limited applicability of the IMWG GA are manifold. First, the age stratification in IMWG GA (≤75 years, 0 points; 76-80, 1 point; >80, 2 points) based on Western populations is not appropriate for Chinese MM populations. The median onset age reported in Chinese MM populations is 58 to 61 years (25–27), which is nearly 10 years younger than the onset age reported in European-American populations (69 years) (28). In our study, only 29.9% of the patients were aged 65 years or older, and only 6.59% of patients met the minimum age stratification criterion (>75 years) as defined by the IMWG GA. Second, chronological age is not a reliable indicator of the fitness status of older individuals. Even at the same age, the fitness status of individuals is significantly heterogeneous. Evaluation of the functional age by the CGA method can better obtain the actual fitness status of older individuals (3).

Third, the ADL and IADL, included in the IMWG GA, might contribute to its limited applicability. ADL only assesses the most basic activities of daily living, and it is limited in its ability to measure inconspicuous physical fitness decline. ADL is reported to have a significant floor effect (29). Only 2.1% of community-dwelling older individuals (>60 years) in China have ADL disability (30). In our study population, the ADL disability rate was 16.17%, while 31.1% of patients were IMWG GA frail. This finding indicated the limited contribution of ADL to identifying frailty. The IADL is reported to be biased by sex, education level, and economic status (31, 32). In the modern era, it has become easier for older people to carry out tasks such as laundry, shopping, and transportation, which will also affect the accuracy of IADL in assessing frailty. Given that functional status is the core element of the frailty assessment, better tools for evaluating performance status are desperately needed.

The CGA is a well-known multidimensional and multidisciplinary way to assess frailty status and the gold standard for identifying and managing frailty (11, 12). We performed the full CGA to find the CGA domains that were most valuable for improving the identification ability of IMWG GA. We found that the TUG and MNA-SF scores were independent factors related to grade ≥3 AEs and OS. TUG and MNA-SF were able to further stratify the risk of grade ≥3 AEs in the IMWG GA int-fit subgroups. In addition, MNA-SF risk-stratified patients in the IMWG GA-fit group. We believe that TUG and MNA-SF are good indicators to improve the discriminatory ability of IMWG GA.

Since nutritional status was not included in the IMWG GA, we added MNA-SF to the IMWG GA to develop the IMWG GA PLUS frailty score. Unlike IMWG GA, IMWG GA PLUS distinguished the risk of grade ≥3 AEs between its fit and int-fit subgroups. Regarding the ability to identify grade ≥3 AEs, the C-index of IMWG GA PLUS was improved from 0.662 (IMWG GA) to 0.701. This result indicated that the addition of MNA-SF slightly improves the ability to IMWG GA to identify chemotherapy tolerance. However, IMWG GA PLUS did not distinguish OS between its subgroups any better than IMWG GA did, and the C-index of IMWG GA PLUS was slightly lower than that of IMWG GA. In view of the fact that combining the MNA-SF does not improve the OS risk stratification capability, IMWG GA PLUS is not a satisfactory frailty score tool.

Given that TUG can better identify the chemotherapy tolerance and poor prognosis than ADL and IADL, we continued our exploration by adding the TUG score to the frailty assessment model to attain better identification. Instead of adding TUG to IMWG GA, we used TUG as a substitute for ADL and IADL because TUG, ADL and IADL are all tools for functional status assessment. The inclusion of overlapping tools increases the complexity and sacrifices the ease of use of frailty assessment tools. We used grade ≥3 AEs as the observational endpoint rather than OS, which was used in the development of the IMWG GA. OS is affected by frailty status and other, diverse factors, such as cytogenetic abnormalities, heterogeneity in sensitivity to treatment, and compliance levels. The longer the survival time is, the more confounding factors will appear. However, the original intention of evaluating frailty status was to predict the tolerance of patients to tailor a treatment plan appropriate for them. Finally, TUG, MNA-SF, and components of the IWMG GA were included in the multivariate Cox regression model. TUG and MNA-SF scores were the only independent risk factors for grade ≥3 AEs. Based on this result, we combined them as the TM frailty score. The TM frailty core ranged from 0 to 4 points and divided patients into 3 risk subgroups: fit (0), int-fit (1), and frail (2-4).

In the validation, the TM frailty score showed better identification ability for the risk stratification of grade ≥3 AEs and OS than the IMWG GA. First, the proportion of grade ≥3 AEs and deaths were higher in the TM frail subgroup than in the IMWG GA frail subgroup. Second, compared with the IMWG GA frail subgroup, the TM frail subgroup had a higher HR for grade ≥3 AEs (HR 2.62 vs. 1.57) and OS (HR=9.86 vs. 3.20), even though the proportions of the subgroups based on the two frailty assessment tools were similar. Third, the TM frailty score had higher C-index values than IWMG GA for grade ≥3 AEs (0.741 vs. 0.662) and OS (0.702 vs. 0.631). These results indicated that the TM frailty score had good discrimination ability and more precisely identified frail people than the more commonly used IMWG GA.

All of the scores are still limited by the fact that they cannot well distinguish the risks in their fit and frail subgroups from that in their int-fit subgroups, although the discriminatory ability of the TM frailty score for clinical outcomes was significantly improved. The TM int-fit subgroup was well distinguished from the fit subgroup, being comparable to the frail subgroup in the risk of grade ≥3 AEs, whereas in OS, the int-fit subgroup was well distinguished only from the frail subgroup, and its survival curve was similar to that of the fit subgroup (P<0.05). This indicated that although the chemotherapy tolerance of patients in the TM int-fit subgroup was poor, given that their OS was as good as that of the fit subgroup, adequate chemotherapy intensity is still required to ensure better long-term efficacy. Unlike the TM frailty score, the IMWG GA could not well distinguish OS between its int-fit and frail subgroups, even with the addition of the MNA-SF score. Therefore, the int-fit subgroup in the IMWG GA and IMWG GA PLUS should be treated as the frail subgroup, and adjusted treatment intensities are necessary for a better quality of life (33). In general, patients in the int-fit subgroup had unconventionality in their physical fitness and must be carefully evaluated to reduce missed diagnosis of the potential weakness. It is necessary to conduct a full CGA to determine their reversible health deficits, carry out clinical intervention to improve their treatment tolerance and achieve the upgrading of treatment goals.

There are some limitations to our study. First, our study is a single-center study with a small sample size and a short follow-up duration. In the validation of the IMWG GA, we found that there was no significantly difference in OS between the frail and fit subgroups. This nonsignificant difference may be due to the number of events and the short follow-up duration. Multicenter research with a larger sample and longer follow-up duration will help improve the generalizability of the results. In addition, the frailty status assessment is mainly used for older patients in clinical practice. The median age of our study population was only 59 years, and not enough older individuals were included. Therefore, this study must be continued, and the TM frailty score needs to be validated in a larger population of older adults to determine its clinical applicability.



5 Conclusion

The IMWG GA frailty assessment has limited applicability in the Chinese population. The TUG and MNA-SF domains were the most predictive CGA domains. The frailty-predictive capacity of the IMWG GA not satisfactorily improved by adding the MNA-SF score to it. Finally, TUG, MNA-SF, and the components of the IMWG GA were included to develop a novel frailty prediction model, namely, the TM frailty score, which reliably identified frail MM patients, showed better stratification of MM patients in terms of grade ≥3 AEs and OS than the IMWG GA and is thus more appropriate for directing treatment decisions in the Chinese population.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics statement

Ethical approval was obtained from the ethics committee of the First Affiliated Hospital of Sun Yat-sen University. All patients provided informed consent.



Author contributions

JLi, YC and JG designed the study. YC collected and analyzed the data and drafted the manuscript. JG directed the statistical analysis of the study and the review and critical revision of the manuscript. BH, JLiu and XL reviewed and modified the manuscript. JLi supervised the project and reviewed the research results and the manuscript. All authors approved the final version of the manuscript.



Funding

This work was supported by the National Natural Science Foundation of China (No. 82070220), Sun Yat-sen University Medical Clinical Trial “5010 Plan” (No. 2017005), and General Project of the Natural Science Foundation of Guangdong Province (No. 2021A1515011715).



Acknowledgments

We thank all the staff involved in this research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1103687/full#supplementary-material



References

1. Kunacheewa, C, and Orlowski, RZ. New drugs in multiple myeloma. Annu Rev Med (2019) 70:521–47. doi: 10.1146/annurev-med-112017-091045

2. Palumbo, A, Bringhen, S, Larocca, A, Rossi, D, Di Raimondo, F, Magarotto, V, et al. Bortezomib-melphalan-prednisone-thalidomide followed by maintenance with bortezomib-thalidomide compared with bortezomib-melphalan-prednisone for initial treatment of multiple myeloma: Updated follow-up and improved survival. J Clin Oncol (2014) 32:634–40. doi: 10.1200/JCO.2013.52.0023

3. Soto-Perez-de-Celis, E, Li, D, Yuan, Y, Lau, YM, and Hurria, A. Functional versus chronological age: Geriatric assessments to guide decision making in older patients with cancer. Lancet Oncol (2018) 19:e305–e16. doi: 10.1016/S1470-2045(18)30348-6

4. Hurria, A, Togawa, K, Mohile, SG, Owusu, C, Klepin, HD, Gross, CP, et al. Predicting chemotherapy toxicity in older adults with cancer: A prospective multicenter study. J Clin Oncol (2011) 29:3457–65. doi: 10.1200/JCO.2011.34.7625

5. Palumbo, A, Bringhen, S, Mateos, MV, Larocca, A, Facon, T, Kumar, SK, et al. Geriatric assessment predicts survival and toxicities in elderly myeloma patients: An international myeloma working group report. Blood (2015) 125:2068–74. doi: 10.1182/blood-2014-12-615187

6. Facon, T, Dimopoulos, MA, Meuleman, N, Belch, A, and Mary, JY. A simplified frailty scale predicts outcomes in transplant-ineligible patients with newly diagnosed multiple myeloma treated in the FIRST (MM-020) trial. Leukemia (2019) 34:224–33. doi: 10.1038/s41375-019-0539-0

7. Kleber, M, Ihorst, G, Gross, B, Koch, B, Reinhardt, H, Wäsch, R, et al. Validation of the freiburg comorbidity index in 466 multiple myeloma patients and combination with the international staging system are highly predictive for outcome. Clin Lymphoma Myeloma Leuk (2013) 13:541–51. doi: 10.1016/j.clml.2013.03.013

8. Milani, P, Rajkumar, VS, Merlini, G, Kumar, S, Gertz, MA, Palladini, G, et al. N-terminal fragment of the type-b natriuretic peptide (NT-proBNP) contributes to a simple new frailty score in patients with newly diagnosed multiple myeloma. Am J Hematol (2016) 91:1129–34. doi: 10.1002/ajh.24532

9. Hernandez Torres, C, and Hsu, T. Comprehensive geriatric assessment in the older adult with cancer: A review. Eur Urol Focus (2017) 3:330–9. doi: 10.1016/j.euf.2017.10.010

10. Puts, MT, Santos, B, Hardt, J, Monette, J, Girre, V, Atenafu, EG, et al. An update on a systematic review of the use of geriatric assessment for older adults in oncology. Ann Oncol (2014) 25:307–15. doi: 10.1093/annonc/mdt386

11. Mohile, SG, Dale, W, Somerfield, MR, Schonberg, MA, Boyd, CM, Burhenn, PS, et al. Practical assessment and management of vulnerabilities in older patients receiving chemotherapy: ASCO guideline for geriatric oncology. J Clin Oncol (2018) 36:2326–47. doi: 10.1200/JCO.2018.78.8687

12. Extermann, M, Aapro, M, Bernabei, R, Cohen, HJ, Droz, JP, Lichtman, S, et al. Use of comprehensive geriatric assessment in older cancer patients: Recommendations from the task force on CGA of the international society of geriatric oncology (SIOG). Crit Rev Oncol Hematol (2005) 55:241–52. doi: 10.1016/j.critrevonc.2005.06.003

13. Rajkumar, SV, Dimopoulos, MA, Palumbo, A, Blade, J, Merlini, G, Mateos, MV, et al. International myeloma working group updated criteria for the diagnosis of multiple myeloma. Lancet Oncol (2014) 15:e538–48. doi: 10.1016/S1470-2045(14)70442-5

14. Katz, SC, Ford, AB, Moskowitz, RW, Jackson, BA, and Jaffe, MW. Studies of illness in the aged. the index of adl: a standardized measure of biological and psychosocial function. JAMA (1963) 185:914–9. doi: 10.1001/jama.1963.03060120024016

15. Lawton, MP, and Brody, EM. Assessment of older people: self-maintaining and instrumental activities of daily living. Gerontologist (1970) 19:179–86. doi: 10.1097/00006199-197005000-00029

16. Charlson, ME, Pompei, P, Ales, KL, and Mackenzie, CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8

17. Wang, DXM, Yao, J, Zirek, Y, Reijnierse, EM, and Maier, AB. Muscle mass, strength, and physical performance predicting activities of daily living: a meta-analysis. J Cachexia Sarcopenia Muscle (2020) 11:3–25. doi: 10.1002/jcsm.12502

18. Kaiser, MJ, Bauer, JM, Ramsch, C, Uter, W, Guigoz, Y, Cederholm, T, et al. Validation of the mini nutritional assessment short-form (MNA-SF): a practical tool for identification of nutritional status. J Nutr Health Aging (2009) 13:782–8. doi: 10.1007/s12603-009-0214-7

19. Reason, B, Terner, M, Moses McKeag, A, Tipper, B, and Webster, G. The impact of polypharmacy on the health of Canadian seniors. Fam Pract (2012) 29:427–32. doi: 10.1093/fampra/cmr124

20. Borson, S, Scanlan, J, Brush, M, Vitaliano, P, and Dokmak, A. The mini-cog: a cognitive 'vital signs' measure for dementia screening in multi-lingual elderly. Int J Geriatr Psychiatry (2000) 15:1021–7. doi: 10.1002/1099-1166(200011)15:11<1021::AID-GPS234>3.0.CO;2-6

21. Zigmond, AS, and Snaith, RP. The hospital anxiety and depression scale. Acta Psychiatr Scand (1983) 67:361–70. doi: 10.1111/j.1600-0447.1983.tb09716.x

22. Sherbourne, CD, and Stewart, AL. The MOS social support survey. Soc Sci Med (1991) 32:705–14. doi: 10.1016/0277-9536(91)90150-B

23. Yokom, DW, Alibhai, SMH, Sattar, S, Krzyzanowska, MK, and Puts, MTE. Geriatric oncology screening tools for CGA-based interventions: Results from a phase II study of geriatric assessment and management for older adults with cancer. J Geriatr Oncol (2018) 9:683–6. doi: 10.1016/j.jgo.2018.03.001

24. Kumar, S, Paiva, B, Anderson, KC, Durie, B, Landgren, O, Moreau, P, et al. International myeloma working group consensus criteria for response and minimal residual disease assessment in multiple myeloma. Lancet Oncol (2016) 17:e328–e46. doi: 10.1016/S1470-2045(16)30206-6

25. Zhong, YP, Zhang, YZ, Liao, AJ, Li, SX, Chen, T, and Lu, J. Geriatric assessment to predict survival and risk of serious adverse events in elderly newly diagnosed multiple myeloma patients: A multicenter study in china. Chin Med J (Engl) (2017) 130:130–4. doi: 10.4103/0366-6999.197977

26. Yuan, RF, Dong, YJ, Li, CR, Huang, WR, Zhang, LM, Zhu, Q, et al. [Epidemiological analysis of cytogenetic abnormalities in patients with newly-diagnosed multiple myeloma: A multi-center retrospective study]. Zhonghua Xue Ye Xue Za Zhi (2020) 41:10–5. doi: 10.3760/cma.j.issn.0253-2727.2020.01.003

27. Li, X, Chen, W, Wu, Y, Li, J, Chen, L, Fang, B, et al. 1q21 gain combined with high-risk factors is a heterogeneous prognostic factor in newly diagnosed multiple myeloma: A multicenter study in China. Oncologist (2019) 24:e1132–e40. doi: 10.1634/theoncologist.2019-0132

28. Cancer Stat Facts. Myeloma; SEER 21 2013–2017. Available at: https://seer.cancer.gov/statfacts/html/mulmy.html.

29. McDowell, I, and Newell, C. Measuring health: A guide to rating scales and questionnaires. 2nd ed. New York: Oxford University Press. (1996). p. 63–7. Available at: https://www.physio-pedia.com/Katz_ADL#cite_ref-9

30. Zhang, H, Wang, ZH, Wang, LM, Qi, SG, and Li, ZX. [Study on activities of daily living disability in community-dwelling older adults in China]. Zhonghua Liu Xing Bing Xue Za Zhi (2019) 40:266–71. doi: 10.3760/cma.j.issn.0254-6450.2019.03.003

31. Niti, M, Ng, TP, Chiam, PC, and Kua, EH. Item response bias was present in instrumental activity of daily living scale in Asian older adults. J Clin Epidemiol (2007) 60:366–74. doi: 10.1016/j.jclinepi.2006.07.012

32. Lutomski, JE, Krabbe, PF, den Elzen, WP, Olde-Rikkert, MG, Steyerberg, EW, Muntinga, ME, et al. Rasch analysis reveals comparative analyses of activities of daily living/instrumental activities of daily living summary scores from different residential settings is inappropriate. J Clin Epidemiol (2016) 74:207–17. doi: 10.1016/j.jclinepi.2015.11.006

33. Terpos, E, Mikhael, J, Hajek, R, Chari, A, Zweegman, S, Lee, HC, et al. Management of patients with multiple myeloma beyond the clinical-trial setting: Understanding the balance between efficacy, safety and tolerability, and quality of life. Blood Cancer J (2021) 11:40. doi: 10.1038/s41408-021-00432-4



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Chen, Gu, Huang, Liu, Li and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1103687-g003.jpg
Cum. Inc. Grade 23 AEs

Cum.Inc.Grade 23AEs

Time to Progression

1.0 IMWG GA+MNA-SF MNA-SF Scores
1 Fit+MNA-SF>11
0.8 1 Fit+MNA-SF<11
_r1Intfit+MNA-SF>11
06 _rInt-fit+MNA-SF<11 g
’ 1 Frail+MNA-SF>11 8
1 Frail+MNA-SF<11 7]
0.4 <
o
(Y]
0.2 H
H
0.0
0 2 4 6 8 = IMWG GA PLUS Fit
~ IMWG GA PLUS Int-fit
Chemotherapy cycles = IMWG GA PLUS Frail
D
1.0 IMWG GA 1.0 IMWG GA
PLUS 5 PLUS
0.8 —IFit T 08 —IFit
—nt-fit 2 — p=0:032 —Intfit
—Frail = it vs Int-fi =0. —r1Frail
06 = S 06|Fitvs Fral  P=0.051 =
& Int-fit vs Frail ~ P=0.826
0.4 Q 04
o
=
02 Fitvs Intfit  P=0.005 E 02
Fit vs Frail P<0.001 o
0.0 Int-fit vs Frail ~ P=0.138 0.0
0 2 4 6 8
Chemotherapy cycles Chemotherapy cycles
F
1.0 IMWG GA 1.0 IMWG GA
PLUS PLUS
0.8 —I1Fit _ 08 —I1Fit
—nt-fit . —1nt-fit
0.6 —1Frail g 06 —1Frail
7
0.4 T 04
2
Fit vs Int-fit P=0.936 o
02| Fitvs Frail P=0.831 02 Fitvs Int-fit  P=0.041
Int-fit vs Frail ~ P=0.801 Fitvs Frail P=0.014
0.0 Int-fit vs Frail ~ P=0.764

Months

0 5 10 15 20 25 30

Months





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Development and validation of a chemotherapy tolerance prediction model for Chinese multiple myeloma patients: The TM frailty score

      

        		

          Objective

        



        		

          Cases and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Patients and methods

          



          		

            2.2 The IMWG GA and CGA

          



          		

            2.3 Follow-up

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 The applicability of the IMWG GA in Chinese MM patients

          

            		

              3.1.1 Patient characteristics and IMWG GA assessment results

            



            		

              3.1.2 The IMWG GA successfully predicted grade ≥3 AEs but not treatment discontinuation

            



            		

              3.1.3 The IMWG GA fit subgroup had better OS but not TTP

            



          



          



          		

            3.2 Screening for valuable CGA domains to improve the predictive ability of IMWG GA

          

            		

              3.2.1 Of the CGA domains, TUG and MNA-SF are independent risk factors for grade ≥3 AEs and OS

            



            		

              3.2.2 TUG can better identify chemotherapy tolerance and poor prognosis than ADL and IADL

            



            		

              3.2.3 TUG and MNA-SF can be used to further distinguish the risk of grade ≥3 AEs in the IMWG GA int-fit subgroup

            



          



          



          		

            3.3 Adding the MNA-SF did not satisfactorily improve the frailty evaluation performance of the IMWG GA

          



          		

            3.4 Development and validation of a new frailty prediction model

          

            		

              3.4.1 Including selected CGA indicators to develop a novel frailty scoring system

            



            		

              3.4.2 Validation of the TM frailty score for distinguishing patients at risk of adverse clinical outcomes

            



            		

              3.4.3 The ability of the TM frailty score to predict clinical outcomes

            



          



          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Variable

TUG

MNA-SF

Age

Ccc1

R-ISS stage

HR (95% Cl)

<8 1
8-12 1.33 (0.91-1.95)
>12 1.59 (1.09-2.30)
12-14 1
811 1.37 (0.97-1.94)
0-7 1.48 (0.96-2.23)
<65 1
66-75 1.06 (0.73-1.55)
>75 1.1 (0.59-2.08)
<1 L
>1 0.961 (0.64-1.33)
1 1
11 1.17 (0.75-1.81)

i 1.18 (0.71-1.96)

0.054

0.144

0.016

0.134

0.072

0.074

0.394

0.180

0.457

0.808

0.773

0.493

0516

0.285

0.461

0318

0.393

-0.220

-0.158

-0.070

0.154

0.168






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-13-1103687-g001.jpg
Cum.Inc.Grade 23AEs

Time to Progression

1.0 IMWG GA

—Fit
0.8 —Int-fit
—rFralil
0.6
0.4
Fit vs Int-fit P=0.511
02 Fit vs Frail P<0.001
Int-fit vs Frail ~ P=0.011
0.0
0 2 4 6 8
Chemotherapy cycles
1.0 IMWG GA
—IFit
0.8 —ntfit
—rFrail
0.6
0.4
0.2 Fit vs Int-fit
Fit vs Frail
0.0 Int-fit vs Frail ~ P=0.492

Cum.Inc.Discontinuation

Overall Survival

1.0

0.8

0.6

Fit vs Int-fit
Fit vs Frail
Int-fit vs Frail

1.0

0.8

0.6

0.4

0.2

0.0

IMWG GA
—Fit
—Int-fit
—Frail
P=0.654
P=0.402
P=0.741
Chemotherapy cycles
IMWG GA
—Fit
—Int-fit
—Frail
Fit vs Intfit P=0.011
Fit vs Frail P=0.021
Int-fit vs Frail ~ P=0.798

5 10 15 20 25 30

Months





OEBPS/Images/table2.jpg
Grade >3 AEs

HR (95% Cl)

Fit 1
Int-fit 1.09 (0.75-1.58)
Frail 1,59 (1.13-2.23)

Adjusted for age and R-ISS stage.

0.599

0.008

Treatment discontinuation

HR (95% Cl) P

1 -
103 (0.56-1.90) 0933

1.16 (0.68-2.03) 0593

HR (95% Cl)
1
1.90 (0.90-4.02)

129 (0.57-2.90)

0.092

0.544

oS
HR (95% Cl)
1
3.69 (101-13.52)

3.08 (081-11.72)

0.049

0.098





OEBPS/Images/fonc.2023.1103687_cover.jpg
, frontiers ‘ Frontiers in Oncology

Development and validation of a
chemotherapy tolerance
prediction model for Chinese
multiple myeloma patients:

The TM frailty score





OEBPS/Images/table4.jpg
AEs > grade 3 Treatment discontinuation Progression within 1 year Death within 1 year

Spec. Sens. Spec. AUC Sens. Spec. AUC Sens. Spec. AUC
TUG 67.0% 76.3% 0717* 68.6% 58.3% 0.635* 50.0% 53.4% 0517 70.0% 55.8% 0.629*
ADL 253% 94.7% 0.600* 28.6% 87.1% 0578 17.6% 84.2% 0509 20.0% 84.4% 0522
IADL 64.8% 63.2% 0.640° 68.6% 52.3% 0.604* 58.8% 49.6% 0542 70.0% 50.3% 0.602*
ADL+IADL 64.8% 63.2% 0.669* 68.6% 52.3% 0.628* 58.8% 49.6% 0544 70.0% 50.3% 0.605

Sens, sensitivity; Spec, specificity.
*P<0.05.





OEBPS/Images/table3.jpg
CGA Domain Classification N (%)
TUG <8s 68 (50.37)
8-12s 32 (23.70)
>12's 35 (25.93)
CCI <1 94 (69.63)
>1 41 (30.37)
MNA-SF 12-14 57 (42.22)
8-11 53 (39.26)
0-7 25 (18.52)
Polypharmacy <5 96 (71.11)
=5 39 (28.89)
Mini-Cog 4-5 101 (74.81)
0-3 24 (17.78)
HADS <7 89 (65.93)
>7 46 (34.07)
MOS-SSS =60 69 (51.11)
<60 66 (48.89)
Geriatric syndromes <2 98 (72.59)
>2 37 (27.41)






OEBPS/Images/fonc-13-1103687-g002.jpg
Cum.Inc.Grade 23AEs

Cum.Inc.Grade 23AEs

Cum.Inc.Grade 23AEs

IMWG GA Fit group

1.0 TUG
1 <8s
0.8 - >8s
0.6
0.4
0.2
P=0.431
0.0
0 2 4 6 8

Chemotherapy cycles

IMWG GA Int-fit group

1.0 TUG
-1 =8s

0.8 —m >8s

0.6

0.4

02 P=0.003

0.0

0 2 4 6 8

Chemotherapy cycles

IMWG GA Frail group

1.0 TUG
<8
0.8 —1>8s
0.6
0.4
0.2
P=0.205
0.0
0 2 4 6 8

Chemotherapy cycles

Cum.Inc.Grade 23AEs

m

Cum.Inc.Grade 23AEs

Cum.Inc.Grade 23AEs

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

IMWG GA Fit group

P=0.036

2 4 6

Chemotherapy cycles

IMWG GA Int-fit group

P=0.033

2 4 6

Chemotherapy cycles

IMWG GA Frail group

P=0.485

2 4 6

Chemotherapy cycles

MNA-SF

1>
- B

MNA-SF

- >1
- <11

MNA-SF

>
- =1





OEBPS/Images/fonc-13-1103687-g004.jpg
>

Cum.Inc.Grade 23AEs

Time to Progression

1.0 TM frailty
score
0.8 _rFit
—rintfit
06 —riFrail
0.4
0.2 Fitvs Intfit  P=0.021
Fit vs Frail P<0.001
Int-fit vs Frail P=0.177
0.0
0 2 4 6 8
Chemotherapy cycles
1.0 TM frailty
score
0.8 _rFit
—rintfit
06 —riFrail
0.4
0.2 Fitvs Intfit ~ P=0.356
Fit vs Frail .339
0.0 Int-fit vs Frail ~ P=0.095

0 5 10 15 20 25 30

Months

Cum.Inc.Discontinuation

Overall Survival

1.0

0.8

0.6

Fit vs Int-fit
Fit vs Frail
Int-fit vs Frail

1.0

0.8

0.6

0.4

0.2

0.0

TM frailty
score
—mFit
—mInt-fit
P=0.857 —mFrail
P=0.023
P=0.027
Chemotherapy cycles
TM frailty
score
—mFit
—mInt-fit
—rmFrail
Fit vs Int-fit P=0.846
Fit vs Frail P=0.006
Int-fit vs Frail ~ P=0.022

5 10 15 20 25 30

Months





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/table7.jpg
Grade 3
HR (95% CI)

[ '

It 208102409

Fril 262 (1a1489)

TR T T

AEs.

oom

oo

Treatment discontinuation

HR (95% CI) P
' -

085 (022445 o981t

24107083 o165

™
HR (95% CI)

'
045 013159

106 037-302)

o

o

0s
HR (95% CI)
f

12607

2

928 (1177333

os70

oo





OEBPS/Images/table1.jpg
N (%) Median (IQR)

Sex =
Male 95 (5639

Fenale 72

e 59(52.60)
<« 17 (006)

&5 s

7650 50

50 6659

“Type of mycloma -

" 7 @a3n

8 270617

1 50377

Lightchain B

Creatinine, mg/dL.

a 11 (6143)
2 260557)

RISS stage

' 30 47.96)

n 100 (5958)

m 37 (2216)

ADL )
- 140 (8383)

P 27 (1617)

1AL 369
> 76 (4551)

<5 9 (5149)

c -
a1 120 (71.86)

>t 47 2819)

Kb, Tuttrmatic canae.





OEBPS/Images/table5.jpg
Frailty model

TM frailty score
IMWG GA

IMWG GA PLUS

Grade >3 AEs

C-index
0741
0.662

0.701

P
<0.001
<0.001

<0.001

Treatment discontinuation

C-index ¥
0.690 <0.001
0.636 0.002
0.656 <0.001

0.545

0.559

0.483

0.397

0.379

0.926

0.702

0.631

0618

0.001

0.029

0.020





