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We aimed to identify the characteristics of immune reconstitution (IR) in patients who recovered from steroid-refractory acute graft-versus-host disease (SR-aGVHD) after basiliximab treatment. A total of 179, 124, 80, and 92 patients were included in the analysis for IR at 3, 6, 9, and 12 months, respectively, after haploidentical donor hematopoietic stem cell transplantation (HID HSCT). We observed that IR was fastest for monocytes and CD8+ T cells, followed by lymphocytes, CD3+ T cells, and CD19+ B cells and slowest for CD4+ T cells. Almost all immune cell subsets recovered comparably between patients receiving <5 doses and ≥5 doses of basiliximab. Most immune cell subsets recovered comparably between SR-aGVHD patients who recovered after basiliximab treatment and event-free HID HSCT recipients. Patients who recovered from SR-aGVHD after basiliximab treatment experienced satisfactory IR, which suggested that basiliximab may not have prolonged the negative impact on IR in these patients.
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Introduction

Human leukocyte antigen (HLA) haploidentical donor (HID) has become one of the most important donors for allogeneic hematopoietic stem cell transplantation (allo-HSCT) (1), which accounts for the proportion at 60% among all of the allo-HSCTs in China (2). However, although many strategies [e.g., anti-thymocyte globulin (ATG)] are used to prevent acute graft-versus-host disease (aGVHD), there are still 40%–50% of patients suffering from grade II–IV aGVHD, which remains one of the major causes of early mortality after HID HSCT (3).

Corticosteroids are the first-line treatment for aGVHD, but their response rate can only reach nearly 50% (4, 5). In addition, Liu et al. (6) reported that the complete response (CR) rate of steroid treatment for grade II–IV aGVHD was only 34.1% in HID HSCT recipients. Thus, steroid-refractory (SR)-aGVHD is common; however, there is no consensus on the best therapeutic options for HID HSCT recipients (7). Considering that interleukin-2 (IL-2) plays a critical role in aGVHD pathogenesis, IL-2 receptor blockade (e.g., basiliximab) is important for SR-aGVHD therapy (8–10). Several studies have identified the efficacy of basiliximab in SR-aGVHD patients (11–14). In addition, 2 cohorts with large samples of HID HSCT recipients reported that the overall response rate (ORR) of basiliximab therapy was approximately 80% in SR-aGVHD patients and the long-term survival could achieve more than 60% (15, 16). Thus far, basiliximab has been the most important treatment for SR-aGVHD in China (17).

Immune reconstitution (IR) was important for long-term survivors after allo-HSCT, and patients with poor IR were associated with a higher risk of infections and non-relapse mortality (NRM) (18, 19). Active aGVHD could influence IR (20). In addition, SR-aGVHD patients would receive intensive immunosuppressants, which might show a prolonged negative impact on IR even in those who recovered after therapies. Because more and more SR-aGVHD patients could be cured and achieve long-term survival after second-line or third-line therapies, it was necessary to identify the characteristics of IR in these patients. However, to the best of our knowledge, no study had identified the characteristics of IR in patients who recovered from SR-aGVHD and achieved GVHD-free survival.

Particularly, SR-aGVHD mostly occurs in HID HSCT recipients (15). Although some authors reported the characteristics of IR in event-free HID HSCT recipients (21, 22), patients with aGVHD were excluded and whether patients who recovered from SR-aGVHD had the same characteristics of IR was unclear.

Thus, we aimed to identify the characteristics of IR in SR-aGVHD patients who recovered from SR-aGVHD with the help of basiliximab treatment after HID HSCT.



Methods


Patients

Consecutive HID HSCT recipients who recovered from SR-GVHD after basiliximab therapy at the Peking University Institute of Hematology (PUIH) from January 2016 to December 2018 were enrolled in this retrospective study. In order to reflect the true rule of IR in patients who recovered from SR-aGVHD after basiliximab, we excluded patients who did not achieve an ORR after basiliximab treatment. In addition, patients who had other situations that could influence IR, including aGVHD recurrence, serious infection [i.e., serious bacterial infections, invasive fungal infection (IFI), and posttransplant lymphoproliferative disorders (PTLDs)], moderate to severe chronic GVHD (cGVHD), relapse, NRM, receiving donor lymphocyte infusion (DLI), receiving second allo-HSCT, were all excluded. Patients who did not monitor IR after HSCT were also excluded (Figure 1). Considering that most of the patients recovered from SR-aGVHD within 3 months after HSCT, we focused on the data of IR at 3, 6, 9, and 12 months following HID HSCT. The last follow-up for survivors was conducted on September 30, 2021. To further identify the IR in patients who recovered from SR-aGVHD, two historical cohorts (event-free HID HSCT recipients: n = 85 and healthy donors: n = 41) reported by Pei et al. (21) were also included as control. The study protocol was approved by the institutional review board of Peking University People’s Hospital and was conducted in accordance with the Declaration of Helsinki.




Figure 1 | Diagram of patients enrolled. A total of 327 SR-aGVHD patients who showed an ORR to basiliximab treatment were eligible, and 179, 124, 80, and 92 patients were included in the final analysis for IR at 3, 6, 9, and 12 months, respectively, after HID HSCT. HID HSCT, haploidentical donor hematopoietic stem cell transplantation; IR, immune reconstitution; NRM, non-relapse mortality; ORR, overall response rate; SR-aGVHD, steroid-refractory acute graft-versus-host disease.





Transplant Regimen

For patients with hematologic malignancies, the preconditioning regimen mainly included cytarabine, busulfex, cyclophosphamide, simustine, and rabbit anti-thymocyte globulin (ATG) (23, 24). For patients with severe aplastic anemia, the preconditioning regimen mainly included busulfex, cyclophosphamide, and ATG (25). We used cyclosporine A (CSA), mycophenolate mofetil (MMF), and methotrexate (MTX) to prevent GVHD (26, 27). The protocol of basiliximab (Simulect; Novartis Pharma AG, Basel, Switzerland) treatment was shown in the Supplementary methods (15, 28).



Immune Reconstitution Analysis

The total lymphocyte and monocyte counts were detected by peripheral blood cell analysis at 1, 2, 3, 6, 9, and 12 months following HID HSCT. Immune cell subsets were recognized and measured by multiparameter flow cytometry (MFC) at 1, 2, 3, 6, 9, and 12 months following allo-HSCT, as described previously (Supplementary methods) (22). Serum IgA, IgG, and IgM levels were detected by immunonephelometry.



Definition

Good IR was defined as at least 3 types of major immune cells (i.e., monocytes, lymphocytes, CD19+ B cells, CD3+ T cells, CD4+ T cells, and CD8+ T cells) meeting or exceeding the median value of event-free HID HSCT cohort. cGVHD was diagnosed and categorized according to accepted international criteria (29). The definition of relapse, NRM, disease-free survival (DFS), and overall survival (OS) were shown in the Supplementary methods.



Statistical Analysis

Continuous variables were compared using the Mann–Whitney U test; categorical variables were compared using χ2 and Fisher’s exact tests. Survival was estimated by the Kaplan–Meier method. Competing risk analysis was used for estimating relapse and NRM, and the Gray’s test was applied for comparisons between subgroups. NRM was the competing event for relapse and vice versa. P values were two-sided, and P < 0.05 was considered to be statistically significant. SPSS 26 (SPSS Inc./IBM, Armonk, NY, USA) and the R software package (version 4.0.0; http://www.r-project.org) were used for data analysis.




Results


Patient Characteristics

Among 327 patients achieving ORR after basiliximab treatment, 265 patients achieved DFS at 1 year after HSCT. A total of 231 SR-aGVHD patients were included in the analysis for IR because they offered at least once IR data at 3, 6, 9, or 12 months after HSCT, and their characteristics were shown in Table 1. Among them, 188 and 43 patients received <5 doses and ≥5 doses of basiliximab treatments, respectively. The median time from allo-HSCT to basiliximab treatment was 24 (range, 12–95) days, the median interval from the occurrence of aGVHD to basiliximab treatment was 5 (range, 3–25) days, and the median doses of basiliximab were 3 (range, 2–11) doses. A total of 179, 124, 80, and 92 patients were included in the analysis for IR at 3, 6, 9, and 12 months, respectively (Figure 1), and their characteristics were compared in Tables S1–S4.


Table 1 | Clinical characteristics of patients included for IR analysis after HID HSCT (n = 231).





Immune Reconstitution at 1 and 2 Months After Haploidentical Donor Hematopoietic Stem Cell Transplantation

Among a total of 231 SR-aGVHD patients included in the analysis for IR, 180 and 151 patients had IR data available at 1 and 2 months following HSCT, respectively. The CD4+ T cells (P = 0.035), CD4+naïve T cells (CD4+CD45RA+ T cells) (P = 0.017), and CD4+CD28+ T cells (P = 0.042) were higher in patients receiving ≥5 doses of basiliximab compared with those receiving <5 doses of basiliximab at 1 month after HID HSCT (Table 2; Figure 2). But they were comparable between patients receiving <5 doses and ≥5 doses of basiliximab at 2 months after HID HSCT (Table 2; Figure 2). The monocytes, lymphocytes, CD19+ B cells, CD3+ T cells, CD8+ T cells, CD4+ memory T cells (CD4+CD45RO+ T cells), CD4+CD25+ T cells and CD8+CD28+ T cells were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab at 1 and 2 months after HID HSCT, which were also observed in both grade II and grade III–IV aGVHD groups (Table 2; Figures 2–4).


Table 2 | The values of immune cell subset counts at 1 and 2 months after HID HSCT [median (25th–75th)].






Figure 2 | (A-L) Kinetics of immune reconstitution in the total population that showed an ORR after basiliximab treatment. Immune cell subsets are compared between basiliximab <5 doses and basiliximab ≥5 doses. Because of lack of data about CD4+CD45RA+ T cells and CD4+CD45RO+ T cells in healthy donors, the values of these two immune cell subsets in healthy donors are not shown. Data are shown as median absolute counts with error bars indicating the 25th–75th percentiles. The horizontal dotted lines represent the median value of healthy cohorts, and the gray areas represent the 25th–75th percentiles for the healthy cohorts. *P < 0.05, basiliximab <5 doses vs. basiliximab ≥5 doses. ORR, overall response rate.






Figure 3 | (A-L) Kinetics of immune reconstitution in grade II SR-aGVHD patients who showed an ORR after basiliximab treatment. Because of lack of data about CD4+CD45RA+ T cells and CD4+CD45RO+ T cells in healthy donors, the values of these two immune cell subsets in healthy donors are not shown. Data are shown as median absolute counts with error bars indicating the 25th–75th percentiles. The horizontal dotted lines represent the median value of healthy cohorts, and the gray areas represent the 25th–75th percentiles for the healthy cohorts. *P < 0.05, basiliximab <5 doses vs. basiliximab ≥5 doses. ORR, overall response rate; SR-aGVHD, steroid-refractory acute graft-versus-host disease.






Figure 4 | (A-L) Kinetics of immune reconstitution in grade III–IV SR-aGVHD patients who showed an ORR after basiliximab treatment. Because of lack of data about CD4+CD45RA+ T cells and CD4+CD45RO+ T cells in healthy donors, the values of these two immune cell subsets in healthy donors are not shown. Data are shown as median absolute counts with error bars indicating the 25th–75th percentiles. The horizontal dotted lines represent the median value of healthy cohorts, and the gray areas represent the 25th–75th percentiles for the healthy cohorts. *P < 0.05, basiliximab <5 doses vs. basiliximab ≥5 doses. ORR, overall response rate; SR-aGVHD, steroid-refractory acute graft-versus-host disease.



Serum IgG was lower in patients receiving ≥5 doses of basiliximab compared with those receiving <5 doses of basiliximab at 1 month after HID HSCT (P = 0.031) (Table 2; Figure 5). However, IgG at 2 months after HID HSCT was comparable between patients receiving <5 doses and ≥5 doses of basiliximab (Table 2, Figure 5B), which was also observed in both grade II and grade III–IV aGVHD groups (Figures 5E, H). Serum IgA and IgM at 1 and 2 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab (Table 2, Figures 5A, C), which were also observed in both grade II and grade III–IV aGVHD groups (Figures 5D, F, G, I).




Figure 5 | (A–C) Kinetics of IgA, IgG, and IgM in the total population who showed an ORR after basiliximab treatment; (D–F) Kinetics of IgA, IgG, and IgM in grade II SR-aGVHD patients who showed an ORR after basiliximab treatment; (G–I) Kinetics of IgA, IgG, and IgM in grade III–IV SR-aGVHD patients who showed an ORR after basiliximab treatment. IgA, IgG, and IgM are compared between basiliximab <5 doses and basiliximab ≥5 doses. Data are shown as median absolute counts with error bars indicating the 25th–75th percentiles. The gray areas represent the normal range. *P < 0.05, basiliximab <5 doses vs. basiliximab ≥5 doses. ORR, overall response rate; SR-aGVHD, steroid-refractory acute graft-versus-host disease.





Kinetics of Immune Reconstitution After Basiliximab Therapy

The absolute counts of the immune cells at 3, 6, 9, and 12 months after HID HSCT were shown in Table 3 and Figures 2–4.


Table 3 | The values of immune cell subset counts at 3, 6, 9, and 12 months after HID HSCT [median (25th–75th)].





Monocytes

The monocyte counts achieved a comparable level in healthy controls since the third month after HID HSCT (Figure 2A). The monocyte absolute counts were comparable between patients receiving <5 doses and ≥5 doses of basiliximab at 3 and 9 months after HID HSCT (Figure 2A); however, it was higher in patients receiving ≥5 doses of basiliximab compared with those receiving <5 doses of basiliximab at 6 months after HID HSCT (P = 0.03). In addition, the monocyte absolute counts were lower in patients receiving ≥5 doses of basiliximab compared with those receiving <5 doses of basiliximab at 12 months after HID HSCT (P = 0.02). The monocyte absolute counts at all monitoring points were comparable between patients receiving <5 doses and ≥5 doses of basiliximab in both grade II and grade III–IV aGVHD groups (Figures 3A, 4A).



Total Lymphocytes

The lymphocyte absolute counts achieved a comparable level in healthy controls since the sixth month after HID HSCT (Figure 2B). The lymphocyte absolute counts at 3, 6, 9, and 12 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab (Figure 2B), which were also observed in both grade II and grade III–IV aGVHD groups (Figures 3B, 4B).



CD19+ B Cells

The absolute counts of CD19+ B cells achieved comparable levels in healthy controls since the ninth month after HID HSCT (Figure 2C). The absolute counts of CD19+ B cells at 3, 6, 9, and 12 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab, which were also observed in both grade II and grade III–IV aGVHD groups (Figures 3C, 4C).



CD3+ T Cells

The absolute counts of CD3+ T cells achieved comparable levels in healthy controls since the sixth month after HID HSCT (Figure 2D). The absolute counts of CD3+ T cells at 3, 6, 9, and 12 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab (Figure 2D), which were also observed in both grade II and grade III–IV aGVHD groups (Figures 3D, 4D).



CD4+ T Cells

The absolute counts of CD4+ T cells and CD4+CD25+ T cells did not achieve comparable levels in healthy controls within 1 year after HID HSCT (Figures 2E, I). The absolute counts of CD4+CD28+ T cells achieved comparable levels in healthy controls since the ninth month after HID HSCT (Figure 2J).

The absolute counts of CD4+ T cells (Figure 2E), CD4+CD45RA+ T cells (Figure 2G), CD4+CD45RO+ T cells (Figure 2H), and CD4+CD25+ T cells (Figure 2I) at all monitoring points and CD4+CD28+ T cells (Figure 2J) at 6, 9, and 12 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab, which were also observed in both grade II and grade III–IV aGVHD groups (Figures 3E, G–J, 4E, G–J). The absolute counts of CD4+CD28+ T cells of patients receiving ≥5 doses of basiliximab were higher than those receiving <5 doses of basiliximab at 3 months after HID HSCT (P = 0.046) (Figure 2J), but they were comparable between patients receiving <5 doses and ≥5 doses of basiliximab in either grade II or grade III–IV aGVHD groups (Figures 3J, 4J).



CD8+ T Cells

The absolute counts of CD8+ T cells (Figure 2F) and CD8+CD28+ T cells (Figure 2K) both achieved comparable levels in healthy controls since the third month after HID HSCT. The absolute counts of CD8+ T cells (Figure 2F) and CD8+CD28+ T cells (Figure 2K) at 3, 6, 9, and 12 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab, which were also observed in both grade II and grade III–IV aGVHD groups (Figures 3F, K, 4F, K), except that the absolute count of CD8+CD28+ T cells at 6 months after HID HSCT was lower in patients receiving <5 doses compared with that of those receiving ≥5 doses of basiliximab in grade III–IV aGVHD groups (P = 0.02) (Figure 4K).



CD4–CD8– T Cells

The absolute counts of CD4–CD8– T cells achieved comparable levels in healthy controls since the sixth month after HID HSCT (Figure 2L). The absolute counts of CD4–CD8– T cells at 3, 6, 9, and 12 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab (Figure 2L), which were also observed in both grade II and grade III–IV aGVHD groups (Figures 3L, 4L).



Serum IgA, IgG, and IgM

Serum IgA (normal range: 0.82–4.53 G/L) did not reach the normal range within 1 year after HID HSCT (Figure 5A). Serum IgG (normal range: 7.2–16.8 G/L) and IgM (normal range: 0.460–3.040 G/L) recovered to the normal range since the first and sixth month after HID HSCT, respectively (Figures 5B, C). The levels of serum IgA, IgG, and IgM at 3, 6, 9, and 12 months after HID HSCT were all comparable between patients receiving <5 doses and ≥5 doses of basiliximab (Table 3; Figures 5A–C), which were also observed in both grade II and grade III–IV aGVHD groups (Figures 5D–I).




Figure 6 | (A-J) Immune reconstitution between SR-aGVHD patients who showed an ORR after basiliximab treatment and event-free HID HSCT recipients. Data are shown as median absolute counts with error bars indicating the 25th–75th percentiles. The horizontal dotted lines represent the median value of healthy cohorts, and the gray areas represent the 25th–75th percentiles for the healthy cohorts. *P < 0.05, **P < 0.01, basiliximab any dose vs. event-free HID HSCT. HID HSCT, haploidentical donor hematopoietic stem cell transplantation; ORR, overall response rate; SR-aGVHD, steroid-refractory acute graft-versus-host disease.






Comparison of Immune Reconstitution Between Patients Who Recovered From Steroid-Refractory Acute Graft-Versus-Host Disease After Basiliximab Therapy and Event-Free Haploidentical Donor Hematopoietic Stem Cell Transplantation Recipients

The characteristics of IR at 3, 6, and 12 months after HID HSCT between patients who recovered from SR-aGVHD after basiliximab therapy and event-free HID HSCT patients in the historical cohort were shown in Figure 6. We observed that the evolution of CD19+ B cells, CD8+ T cells, and CD8+CD28+ T cells was all comparable between these two cohorts at each time point. Similarly, the evolution of monocytes, lymphocytes, CD3+ T cells, and CD4+ T cells was basically comparable between these two cohorts. SR-aGVHD patients who recovered after basiliximab treatment showed a slower recovery of CD4+CD25+ T cells and a faster recovery of CD4+CD28+ T cells at each time point compared with those of event-free HID HSCT recipients.



The Impact of Immune Reconstitution on Prognosis

The infection events of SR-aGVHD patients who recovered after basiliximab treatment were shown in Tables S5–S10. At 3 months after HID HSCT, patients with good IR showed a lower rate of any infection, viral infection, and serious bacterial infection than those with poor IR. However, at 6 and 12 months after HID HSCT, the rates of infection were all comparable between patients with and without good IR. The incidences of cGVHD, NRM, DFS, and OS were all comparable between patients with and without good IR (Tables S11–S13). In addition, at 3 months after HID HSCT, patients with good IgM IR showed a lower rate of any infection than those with poor IgM IR. However, the infections were all comparable between patients with and without good IR about IgM at 6 and 12 months after HID HSCT, as well as IgA and IgG at any monitoring point after HID HSCT (Tables S14–S22).




Discussion

In the present study, we firstly evaluated the kinetics of IR in patients who recovered from SR-aGVHD after basiliximab treatment following HID HSCT. We observed that 1) IR was fastest for monocytes and CD8+ T cells, followed by lymphocytes, CD3+ T cells, and CD19+ B cells, and slowest for CD4+ T cells; 2) Almost all immune cell subsets recovered comparably between patients receiving <5 doses and ≥5 doses of basiliximab; 3) Most immune cell subsets recovered comparably between patients who recovered from SR-aGVHD after basiliximab treatment and event-free patients; 4) All immune cell subsets except CD4+ T cells and CD4+CD25+ T cells achieved comparable levels in healthy donors within 1 year after HID HSCT. To the best of our knowledge, this was the first study to identify the IR in patients who recovered from SR-aGVHD, and our results firstly demonstrated that basiliximab might not have prolonged negative effect on IR in SR-aGVHD survivors.

We observed that in patients who recovered from SR-aGVHD after basiliximab therapy, CD8+ T cells rapidly achieved similar levels compared with those of healthy donors and event-free HID HSCT recipients. Basiliximab selectively inhibited activated T lymphocytes, and it did not significantly influence the total peripheral lymphocyte or lymphocyte subset counts (30). Basiliximab did not downregulate IL-2 receptor expression on circulating T lymphocytes either. The terminal elimination half-life of basiliximab was reported to be 13.4 days in adults and 9.4 days in children (31, 32), and the duration of IL-2 receptor saturation with basiliximab was 4–6 weeks and 29 days, respectively, in adults and children (30, 33). Thus, although basiliximab could inhibit the rapid clonal expansion of activated T lymphocytes, it did not show prolonged inhibition on IR of CD8+ T cells after the end of basiliximab treatment. Several studies observed that CD8+ T cell recovery was associated with improved transplant outcomes. Tian et al. (34) reported that rapid recovery of CD8+ T cells was associated with better prognosis. In addition, Pei et al. (21) reported that an extremely high CD8+ T cell count (684 cells/µl) was observed in event-free patients at 3 months after HID HSCT. Our results showed that basiliximab did not influence the IR of CD8+ T cells in SR-aGVHD survivors, which may contribute to good prognosis of our patients.

In addition, we also observed that monocytes of SR-aGVHD survivors rapidly achieved similar levels compared with those of healthy donors and event-free HID HSCT recipients at most time points. It was because basiliximab did not inhibit the monocyte (35). On the contrary, some second-line therapies, such as ruxolitinib, could significantly inhibit the monocyte (36). Monocyte recovery was important for infection prophylaxis and better survival after allo-HSCT. Podgorny et al. (37) reported that low counts of monocytes (total and inflammatory) were associated with increased viral infections after HSCT. Storek et al. (38) also observed that the counts of the monocytes on day 80 were significantly inversely correlated with the rates of any infection, severe infections, and viral infections between days 100 and 365 after allo-HSCT. In addition, DeCook et al. (39) reported that the absolute count of monocytes in peripheral blood >0.3 × 109/L at day +100 was associated with improved relapse-free survival, and monocyte recovery at day +100 was an independent prognostic factor for improved survival in multivariate analysis. Basiliximab did not inhibit the IR of monocytes, which may partly contribute to the favorable outcomes of SR-aGVHD survivors.

Poorer B cell reconstitution was associated with increased infections after allo-HSCT (38). Corre et al. (40) reported that patients with a slower B-cell recovery at 12 months after HSCT experienced higher rates of late infection. Storek et al. (38) reported that the counts of total B cells on day 80 were significantly inversely correlated with the rates of any infection, viral infections, bacterial infections, and fungal infections between days 100 and 365 after allo-HSCT. Basiliximab treatment did not inhibit the B cells, and we observed that the IR of CD19+ B cells in patients who recovered from SR-aGVHD was similar to that in event-free HID HSCT recipients, which may help to prevent the late infections in SR-aGVHD survivors.

Our results showed that serum IgA did not recover to the normal range within 1 year after HID HSCT, while serum IgG and IgM returned to the normal range since the first and sixth month after HID HSCT, respectively. Previous studies showed that IgG and IgM achieved the normal level 3–4 months after HSCT (41–44). Norlin et al. (44) reported that serum IgG reached the normal range since the third month after HSCT in a cohort of 179 recipients. HID HSCT recipients routinely received immunoglobulin (400 mg/kg) on days 1, 11, 21, and 31 after transplantation at our center (27). In addition, serum IgG had a long half-life of approximately 3 weeks (45). The above two points may account for normal IgG levels at 1 and 2 months after HSCT in the present study. Acute GVHD had a negative effect on serum IgG (46). Nevertheless, SR-aGVHD HSCT recipients included in the present study achieved an ORR within 3 months after HSCT and did not experience serious complications, such as serious infections and cGVHD, which may account for normal IgG levels since the third month after HSCT.

We observed that the IR of CD4+ T cells, particularly the CD4+CD25+ T cells, was relatively slow after basiliximab treatment. However, the recovery of CD4+ T cells was comparable between patients who recovered from SR-aGVHD after basiliximab treatment and event-free HID HSCT recipients. Pei et al. (21) reported that CD4+ T cells recovered slower in HID HSCT recipients compared with those receiving HLA matched donor HSCT, which may be due to the use of ATG for GVHD prophylaxis (47, 48). Therefore, the slower IR of CD4+ T cells in our study might not be fully attributed to basiliximab treatment.

CD28-mediated costimulation was very important in T-cell activation; CD4+CD28+ T cells and CD8+CD28+ T cells mediated graft-versus-leukemia (GVL) effect to prevent relapse, and CD4+CD28+ T cells also mediated protection against infections (49, 50). Poor CD4+CD25+ T cell reconstitution increased the risk of infections (51). We observed that patients who recovered from SR-aGVHD after basiliximab treatment had a slower CD4+CD25+ T-cell recovery compared with event-free HID HSCT recipients, which was supported by previous studies (52, 53). Chakupurakal et al. (53) observed significant depletion of CD4+CD25+ T cells in SR-aGVHD patients treated with basiliximab, and Vondran et al. (54) reported that basiliximab downregulated the expression of CD25 on T cells in vitro. However, the relatively slow IR of CD4+CD25+ T cells did not seem to have a negative effect on clinical outcomes after basiliximab treatment in the present study.

Liu et al. (15) reported that SR-aGVHD patients receiving ≥5 doses of basiliximab were more likely to experience infections. Therefore, patients were divided in <5 dose group and ≥5 dose group in the present study.

In this study, the median interval from the occurrence of aGVHD to basiliximab treatment was 5 days. According to the European Society for Blood and Marrow Transplantation (EBMT), the first-line steroid treatment should be continued for 7 days (7). However, some studies showed that 5 days of steroids helped to distinguish patients with a high risk of NRM (55, 56). In addition, the British Committee for Standards in Haematology (BCSH) and the British Society for Bone Marrow Transplantation (BSBMT) also considered no response after 5 days of steroid as SR-aGVHD (57). Therefore, the definition of SR-aGVHD was different, which should be evaluated by prospective studies in the future. Finally, it might be reasonable for patients failing to respond after 5 days of steroids to receive basiliximab treatment because of poor outcomes of SR-aGVHD patients and the relative safety of basiliximab treatment.

There were several limitations in the study. First, we did not routinely detect the function of immune cell subsets. Thus, we could not identify whether basiliximab treatment would affect the function recovery of the immune cells. Second, in this retrospective study, we did not use MFC to monitor the IR of monocytes; however, we could get the absolute count of monocytes from the blood routine examination. Third, we did not monitor the count and function of natural killer (NK) cells regularly in the present study. Fourth, due to lack of CD127 and Forkhead box P3 (FOXP3) in our routine panels for IR monitoring, we were unable to identify the IR of regulatory T cells (Tregs). However, previous studies showed that basiliximab treatment could decrease the counts of Treg, but it did not seem to have a negative impact on the function of Tregs (52–54). Fifth, because the IR monitoring was not performed in real time after basiliximab treatment, we could not explore whether basiliximab induced a transient lymphodepletion and whether IR could be considered as a sign of aGVHD control. Regardless, IR data at 1 and 2 months after HSCT might provide some information for these issues. Sixth, because we wanted to identify the real rules of IR after basiliximab treatment, HSCT recipients with serious complications that may have a negative impact on IR, such as serious infections and cGVHD, were excluded; however, this reflected a relatively selective subgroup of patients, and the IR of the other survivors after basiliximab treatment should be further identified. Finally, the patients’ heterogeneity such as transplant regimen, primary disease, and donor type may have an impact on the results of the study. Further studies enrolling uniform cohorts may help to further identify the IR after basiliximab treatment.



Conclusion

In conclusion, IR of most of the immune cells was rapid in SR-aGVHD patients who recovered after basiliximab treatment, which was similar to those of event-free HID HSCT recipients. Thus, basiliximab treatment may not seriously impact the IR in SR-aGVHD survivors.
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Characteristics Basiliximab any dose (n = 231) Basiliximab <5 doses (n = 188) Basiliximab >5 doses (n = 43) P value
Age at HID HSCT, n (%) 0.548
<18 years 98 (42.4) 78 (41.5) 20 (46.5)
>18 years 133 (57.6) 110 (58.5) 23 (53.5)
Sex, n (%) 0.985
Male 134 (58.0) 109 (58.0) 25 (58.1)
Female 97 (42.0) 79 (42.0) 18 (41.9)
Underlying disease, n (%) 0.424
Acute leukemia 164 (71.0) 134 (71.3) 30 (69.8)
Myelodysplastic syndrome 13 (5.6) 12 (6.4) 123
Chronic myeloid leukemia 209 2(1.1) 0(0.0
Severe aplastic anemia 39(16.9) 31 (16.5) 8(18.6)
Non-Hodgkin's lymphoma 5(.2) 4(2.1) 123
Multiple myeloma 209 2:.1) 0(0.0
Myeloproliferative neoplasms 3(1.3 2:(1:1) 1.3
Others 3(1.3) 1(0.5) 2(4.7)
HCT-Cl score, n (%) 0.141
Low risk 1983 (83.5) 154 (81.9) 39 (90.7)
Intermediate risk 28(12.1) 24 (12.8) 4 (9.3
High risk 10 (4.9 10 (6.3 0(0.0
Donor-recipient relationship, n (%) 0.655
Father—child 142 (61.5) 116 (61.7) 26 (60.5)
Mother—child 12(5.2) 8(4.3 493
Sibling-sibling 38 (16.5) 32 (17.0) 6(14.0)
Child-parent 36 (15.6) 30 (16.0) 6(14.0)
Collateral related donor 3(1.3) 2(1.1) 123
Donor-recipient sex matched, n (%) 0.832
Male to male 110 (47.6) 91 (48.4) 19 (44.2)
Male to female 78 (33.8) 64 (34.0) 14 (32.6)
Female to male 24 (10.4) 18 (9.6) 6 (14.0)
Female to female 19(8.2) 15 (8.0) 49.3
Graft type, n (%) 0.564
Peripheral blood 4(1.7) 3(1.6) 123
Bone marrow and peripheral blood 227 (98.3) 185 (98.4) 42 (97.7)
Median mononuclear cell counts, 8.6 (4.2-14.8) 8.6 (4.2-14.5) 8.7 (4.7-14.8) 0.450
10%kg (range)
Median CD34" cell counts, 2.3(0.1-9.8) 2.3(0.1-9.8) 2.2 (0.9-6.6) 0.730
x10%/kg (range)
Neutrophil engraftment, n (%) 231 (100.0) 188 (100.0) 43 (100.0) 1.000
Median time from HSCT to 13 (7-42) 13 (7-42) 12 (9-23) 0.282
neutrophil engraftment, days (range)
Platelet engraftment, n (%) 223 (96.5) 183 (97.3) 40 (93.0) 0.170
Median time from HSCT to platelet 17 (6-267) 18 (6-220) 15 (9-267) 0.611
engraftment, days (range)
Severity of aGVHD, at the 0.058
beginning of the basiliximab
treatment, n (%)
<Grade Il 194 (84.0) 162 (86.2) 32 (74.4)
>Grade Il 37 (16.0) 26 (13.8) 11 (25.6)
Median follow-up after HSCT, days 1,367 (121-2,080) 1,387 (165-2,080) 1,284 (121-1,984) 0.174
(range)
Median follow-up after basiliximab 1,336 (106-2,065) 1,352 (118-2,065) 1,267 (106-1,906) 0.201

treatment, days (range)

IR, immune reconstitution; HID HSCT, haploidentical donor hematopoietic stem cell transplantation; HCT-CI, Hematopoietic Cell Transplantation-Specific Comorbidity Index; aGVHD,

acute graft-versus-host disease.
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