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Background

Allogeneic stem cell transplant (allo-SCT) plays a key role in the treatment of patients with both acute myeloid leukemia (AML) and myelodysplastic (MDS). Outcomes of allo-SCT have improved with optimization of transplant practices. We sought to evaluate trends in survival in AML and MDS patients undergoing allo-SCT at our institution from 1984 to 2018.





Methods

A retrospective analysis of 900 consecutive AML and MDS patients undergoing allo-SCT was performed. Patients were divided by year of transplant for analysis. Primary endpoints were progression free survival (PFS) and overall survival (OS). Secondary endpoints included non-relapse mortality (NRM), graft-versus-host disease (GVHD), GVHD-free relapse free survival (GRFS), and transplant complications.





Results

We found a significant improvement in survival from 1984 to 2018 with 5-year PFS and OS improving from 17% to 49% and 17% to 53%, respectively (statistically significant difference since 2004; p<0.001). There was a significant difference in rates of grade II-IV aGVHD (p<0.001) and chronic GVHD at day +365 with cumulative incidence of both highest from 2014-2018, however, NRM improved across the years with 5- year NRM decreasing from 45% to 21%. Rates of pulmonary infections, hemorrhagic cystitis, veno-occlusive disease, and fungal infections also decreased across the years (p<0.001).





Conclusions

We found a significant improvement in survival of AML and MDS patients undergoing allo-HCT over the past several decades. This likely reflects improvements in transplant practices and general supportive care. Post-transplant relapse remains the leading cause of transplant failure in this group.
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Introduction

Allogeneic stem cell transplant (allo-SCT) continues to play a key role in the post-remission therapy for many acute myeloid leukemia (AML) patients due to high rates of efficacy and sustained remissions as compared to alternate therapies (1). For those patients with relapsed/refractory AML and those with high-risk myelodysplastic syndrome (MDS), it is the sole curative option (2, 3). The utilization of allo-SCT has increased over time, likely due to the growth of unrelated donor registries, improved outcomes in unrelated donor transplants, and increased numbers of allo-HCT in patients >60 years old with the introduction of reduced intensity conditioning (RIC) regimens (4). However, allo-SCT transplant itself is not without risk and obstacles for successful transplant remain including risk for relapse of underlying disease, graft versus host disease (GVHD), and infectious complications (5).

Prior retrospective studies have demonstrated an improvement in outcomes of allo-SCT over the years, with decreased mortality from infections, GVHD, and toxicity (5, 6). Such findings were also confirmed in a previously published retrospective analysis from our Institution including all patients undergoing allo-SCT from 1984 to 2018 for all hematologic malignancies (7). Factors that have been thought to contribute to this improvement in outcomes include modifications in transplant conditioning regimens, supportive care, and earlier recognition of transplant complications. In this study we sought to evaluate the major changes in practice during transplant as well as trends in outcomes in AML and MDS patients undergoing allo-SCT at the Ohio State University from 1984-2018.





Methods




Data collection and study population

We performed a retrospective sub-analysis of a larger cohort of all adult AML and MDS patients who received their first allo-HCT at the Ohio State University from January 1st, 1984 to December 31st, 2018. Patients were identified through the blood and marrow transplant registry. All data was verified via medical chart review. A total of 900 patients were included in the analysis, 705 patients with AML and 195 with MDS. The patients were divided into seven groups based on year of transplant for analysis using five-year increments: group 1 included 1984-1988, group 2 1989-1993, group 3 1994-1998, group 4 1999-2003, group 5 2004-2008, group 6 2009-2013, and group 7 2014-2018.





Endpoints

The primary aim of our study was to assess trends in outcomes in allo-HCT across the years from 1984 to 2018. Progression free survival (PFS) and overall survival (OS) were the main primary endpoints with those patients who were not progressed being censored at the last assessment date for PFS, and those patients who were living being censored at last follow-up for OS. Secondary endpoints included non-relapse mortality (NRM), acute and chronic GVHD, GVHD-free relapse free survival (GRFS), and transplant complications including infections, hemorrhagic cystitis, VOD, and pulmonary complications. Relapse was defined as recurrence of disease at any site. The Glucksberg grade was used for grading of acute GVHD (aGVHD) and standard definitions of chronic GVHD (cGVHD) were used (8). GVHD-free relapse free survival was defined as the absence of grade III-IV a GVHD and cGVHD requiring systemic treatment, relapse, and death.





Statistical analysis

The Kruskal-Wallis test for continuous variables and chi-squared or Fisher’s exact test for categorical variables was used to compare patient, disease, and transplant related characteristics among the seven groups. The Kaplan-Meier method was used to calculate probabilities of OS, PFS, and GRFS and they were compared using the log-rank test. Gray’s test, accounting for competing risks, was utilized to estimate cumulative incidence rates for relapse, NRM, and acute and chronic GVHD. The competing risks for GVHD were relapse and death; the competing risk for relapse was death; and the competing risk for NRM was disease progression or relapse. A p-value of<0.05 was considered statistically significant. Analyses were performed using Stata 16 (College Station, Texas).






Results




Patient, disease, and transplant characteristics

The cohort included 900 patients, 705 patients with AML and 195 with MDS (Table 1 & Supplementary Table 1). Table 1 shows an overview of patient, disease, and transplant characteristics. Median age at the time of transplant was 52.0 years and 55.6% of patients were male. There was a significant increase in age at time of transplant seen across the years with median age 29.5 years from 1984-1988 and 59.0 years from 2014-2018 (p<0.001). Conditioning regimen intensity was defined based on the Center for International Blood and Marrow Transplantation (CIBMTR) research definitions for myeloablative (MA) versus non-MA and reduce-intensity conditioning (RIC) (9). The majority of patients underwent MA conditioning regimens with 57.6% undergoing MA and 42.4% RIC. There was also a significant increase in the use of RIC conditioning regimens over time, with 0% RIC regimens from 1984-1998 and 45.9% from 2014-2018 (p<0.001). There was a significant increase in the use of peripheral blood stem cell source, with 0% from 1984-2018 to 77.1% from 2014-2018 (p<0.001). GVHD prophylaxis varied over time, with all of patients receiving a Cyclosporine based prophylaxis in 1989-1993 while 91.7% of patients received a Tacrolimus based regimen from 2014-2018 (p<0.001).


Table 1 | Patient characteristics based on year of patients undergoing allo-HCT.







Outcomes




PFS and OS

There was a statistically significant improvement in both PFS and OS from 1984 to 2018 (Figure 1). Median PFS improved from 0.8 years [95% confidence interval (CI) 0.3-1.2 years)] from 1984-1988 to 3.0 years (95% CI: 1.7-NR) from 2014-2018. Median OS improved from 0.9 years from 1984-1988 (95% CI: 0.4-1.3 years) to NR (95% CI: 3.0 years-NR) from 2014-2018. The 5-year PFS across the years was 17%, 18%, 26%, 16%, 25%, 36% and 49%, respectively, with a significant improvement seen since 2004. Similar improvements in PFS were seen at 10 years. The 5-year OS across the years was 17%, 21%, 27%, 17%, 29%, 39% and 53%, respectively, with a similar significant improvement seen since 2004. Similar improvements in OS were also seen at 10 years (Table 2).




Figure 1 | Kaplan Meier curves for (A) OS and (B) PFS.




Table 2 | Survival and Relapse Post Transplant.







NRM and relapse

The rate of NRM significantly improved across the years, with 1-year NRM of 31%, 35%, 40%, 49%, 22%, 16% and 15% and 5-year NRM at 45%, 41%, 52%, 62%, 35%, 24% and 21% respectively (Table 3). A significant improvement in NRM was seen since 2004 (p<0.001; Figure 2). There was no significant different in cumulative incidence of relapse over the years (p=0.07; Figure 2). One-year relapse rates were 21%, 15%, 16%, 24%, 34%, 32%, and 24% and 5-year relapse was 38%, 38%, 25%, 35%, 41%, 41%, and 31%, respectively (Table 2).


Table 3 | Acute GVHD and chronic GVHD post-transplant.






Figure 2 | Kaplan Meier curves for (A) NRM, (B) relapse, and (C) GRFS.







Transplant complications

A summary of transplant complications is shown in Table 4. Overall, 15.7% of patients were noted to have pulmonary infections post-transplant, 11.3% of patients experienced VOD, 8.9% hemorrhagic cystitis, 40.4% of patients had bacteremia in D+100, 43.9% had viremia, and 6.2% had fungemia. From 1984-1988, rates of pulmonary infection were 22%, which improved to 13.8% from 2014-2018 (p<0.001). Rates of VOD improved from 4.9% to 0.3% (p<0.001); rates of hemorrhagic cystitis improved from 29.3% to 5.2% (p<0.001); and rates of fungemia improved from 14.6% to 2% (p<0.001). There was a trend toward increased rates of bacteremia and viremia over time, with rates of bacteremia increasing from 29.3% from 1984-1988 to 37.2% from 2014-2018 (p<0.001) and rates of viremia increasing from 26.8% to 42.9% (p<0.001).


Table 4 | Transplant outcomes.







GVHD and GRFS

Complete GVHD data was available starting with the 1999-2003 group. There was a significant difference seen in rates of grade II-IV aGVHD between the groups (p<0.001), with a cumulative incidence at day +180 of 40% from 1999-2003, 23% from 2004-2008, 45% from 2009-2013, and 53% from 2014-2018 (Figure 3). Rates of grade III-IV aGVHD at day +180 were 23%, 6%, 14%, and 18%, respectively, with the highest rate seen from 1999-2003 and 2014-2018. Rates of cGVHD also varied between the groups (p=0.002) with cumulative incidence at day +365 of 33% from 1999-2003 and 2004-2008, 38% from 2009-2013, and 48% from 2014-2018. Incidence of extensive cGVHD at day +365 increased across the years at 22%, 27%, 36% and 43%, respectively (p<0.001; Table 3). Median GRFS was 0.2, 0.4, 0.4, and 0.4 years across the years (Figure 2). There was a significant different in GRFS across the years with 1-year GRFS 11%, 19%, 18%, and 17% and 5-year GRFS 2%, 10%, 11%, and 11%, respectively (Table 3).




Figure 3 | Kaplan Meier curves for GVHD including (A) acute GVHD grade 2-4, (B) acute GVHD grade 3-4, (C) chronic GVHD, and (D) chronic GVHD, extensive.









Discussion

Our study showed a significant improvement in survival in AML and MDS patients undergoing allo-SCT over the past several decades. This is a sub-analysis of our previously published study showing improved PFS and OS across years in patients with hematologic malignancies undergoing allogenic transplantation (7). In this study our findings are consistent with several other retrospective studies that have evaluated trends in allo-HCT survival outcomes over the years (6, 10–13). We demonstrated an improvement in 5-year PFS from 17% to 49% and an improvement in OS from 12% to 53%. We observed that there was worsening of PFS and OS in the years 1999-2003. This could be related to an increase in NRM as shown in Table 2.

There are several key changes in our transplant practice that likely led to these improved outcomes. For instance, on one hand there was an increase in the use of RIC conditioning regimens as compared to MA regimens, which allowed patients with co-morbid conditions as well as older patients to be treated with RIC regimens. These RIC regimens have been shown to have lower toxicity profiles overall and consequently are less likely to lead to organ damage as compared to MA regimens without any significant overall reduction in efficacy (14). The change in GVHD prophylaxis over time may also have led to lower rates of grade II-IV aGVHD and extensive cGVHD. We saw a shift toward the use of Tacrolimus based regimens in place of Cyclosporine based ones. These regimens have been shown to have lower rates of both grade II-IV aGVHD and extensive cGVHD in HLA-matched sibling and unrelated donor transplants (15, 16).

Transplant complications also decreased over time with a significant decrease in pulmonary infections, VOD, hemorrhagic cystitis, and infections complications including bacteremia, viremia, and fungemia in the first day +100. Lower rates of infectious complications likely reflect the use of routine fungal prophylaxis for high risk patients, implementation of CMV prophylaxis for patients when indicated, use of less intensive preparative regimens, and lower doses of prednisone as well as development of alternate agents to treat aGVHD. While there was an increased rate of VOD in the years 1994-2003 likely due to myeloablative regimen and increase in diagnostic criteria, the lower rates of VOD were noticeable in the years after due to decreased utilization of aggressive conditioning regimens, as MA conditioning regimens have been shown have a higher risk of VOD as compared to RIC regimens (17). The introduction of defibrotide also likely led to a reduced mortality in those patients with VOD, as this has been shown to have a significant impact on outcomes in these patients (18).

While other transplant complications decreased over the years, there was a trend toward an increase in rates of grade II-IV aGVHD as well as extensive cGVHD. This trend in the setting of improved outcomes may reflect several factors. For one, detection of aGVHD grade II was higher in these groups, mostly due to clinical determination of upper GI GVHD (versus medication induced upper GI symptoms). The fact that there were increasing rates of aGVHD but improved outcomes overall may also reflect the graft-versus-leukemia (GVL) effect, with patients with GVHD potentially having higher rates of survival due to the GVL effect (19). Higher rates of GVHD may also be a least partially related to the increase in peripheral blood stem cell as a source in place of bone marrow, as prior studies have suggested a higher incidence in grade III-IV aGVHD as well as extensive cGVHD in patients undergoing allo-HCT with peripheral blood source (20–23). A prior CIMBTR analysis from 2015 also showed an up-trend in rates of cGVHD over time independent of stem cell source, which suggests that there may be other factors contributing to a trend toward an increase in cGVHD over time (24).

We also found a significant increase in the average age for patients with AML and MDS undergoing allo-HCT, with an increase from 30.4 years old from 1984-1988 to 55.8 years old from 2014-2018. This is in line with CIBMTR data, which has shown an increase in allo-HCT utilization in older patients over time with patients aged 65 and older representing 26% of patients undergoing allo-HCT in 2019 in the United States (25). The principle reason for this increase is likely the expansion of RIC regimens, which has allowed older patients who are traditionally thought to be at higher risk of treatment related morbidity and mortality as compared to their younger counterparts to safely undergo allo-HCT. The impacts of age on outcomes of allo-HCT as well as the safest age cutoff for allo-HCT are ongoing topics of research, as prior studies have shown variable findings (26–29).

The primary limitation of our study is the nature of its retrospective design. Information on rates of acute and chronic GVHD were missing prior to 1999 so trends in GVHD were unable to be assessed during this time period. Impact of disease specific factors was also unable to be evaluated, as this information was not available during the early transplant years.

Overall, while outcomes post allo-HCT have improved significantly over time in AML and MDS patients, post-transplant relapse unfortunately remains a significant cause of transplant failure in this group (30, 31). Preventing post-transplant relapse is one of the primary targets of continued research today.
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