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Introduction: Increasing evidence has demonstrated that plasmacytoid dendritic cells 
(PDCs) in the tumor microenvironment (TME) play an important role in tumorigenesis 
and progression. PDC infiltration has been found in certain malignancies such as classic 
Hodgkin’s lymphoma and chronic myelomonocytic leukemia. Our previous work reported 
that PDC infiltration could occur in acute myeloid leukemia (AML), but the clinical 
significance of PDC in AML has not been thoroughly investigated.
Patients and Methods: Here, we evaluated the clinical significance of PDC to AML 
transition in a leukemia microenvironment. The frequency of PDCs in 80 acute myelomo-
nocytic leukemia (AML-M4) and 83 acute monocytic leukemia (AML-M5) patients was 
determined by flow cytometry.
Results: We found 62 cases with PDC infiltration. These patients showed higher numbers of 
bone marrow blasts, higher mean Hb concentration, and required more cycles of chemother-
apy before achieving complete remission (CR), but had lower white blood cell and platelet 
counts compared to patients without PDC infiltration. Drug sensitivity analysis showed that 
patients with PDC infiltration had lower sensitivity to standard chemotherapy regimens. 
Kaplan–Meier survival curves demonstrated that patients with PDC infiltration had 
a shorter overall survival (OS) time and progression-free survival time.
Discussion: These results suggested that PDC infiltration can be used for risk stratification 
of AML-M4/M5, and PDCs may transdifferentiate into leukemia in an AML 
microenvironment.
Keywords: acute myeloid leukemia; AML, tumor-forming plasmacytoid dendritic cells; TF- 
PDCs, prognosis, hematopoietic stem cell transplantation

Introduction
Acute myeloid leukemia (AML) is a heterogeneous clonal disorder characterized by 
abnormal differentiation and unregulated proliferation of hematopoietic progenitor 
cells (blasts), leading to defects in hematopoiesis.1,2 Immunophenotyping is 
a widely used method for identification of specific cell lineage as well as maturation 
stage in the leukemia process, which can complement morphology, cytochemistry, 
and karyotype to make a more precise diagnosis and classification of AML.3–5 

Accurate immunophenotyping is essential for fully understanding the heterogeneity 
and interactions among leukemia cells and accessory cells in the tumor microenvir-
onment (TME).

Dendritic cells (DCs) are “assistants” in the immune system which can initiate 
adaptive immunity and shape immune responses.6,7 DCs can be divided into 
conventional myeloid DC (MDC) and plasmacytoid DC (PDC) lineages. PDCs 
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lack the cell surface markers for T and B cells, and 
strongly express CD123, HLA-DR and BDCA-2.8–11 

Stimulated PDCs have strong antigen-presenting ability, 
which plays a critical role in the recruitment of natural 
killer cells, activation of T cells, and polarization of Th1 
and Th2 cells. Some studies have demonstrated that PDCs 
can be found in a wide range of human disorders, includ-
ing Kikuchi Fujimoto lymphadenopathy, hyaline-vascular 
Castleman disease, and certain malignancies such as clas-
sical Hodgkin’s lymphoma and chronic myelomonocytic 
leukemia.12–14 In particular, PDC infiltration has been 
found in the bone marrow and lymph nodes of patients 
with myeloid neoplasm; this rare condition is described as 
involving “tumor-forming PDCs” (TF-PDCs)13,15–17 Our 
previous reports described 3 cases of TF-PDCsassociated 
with AML. These PDCs had similar chromosomal 
abnormalities to those observed in leukemia cells, suggest-
ing that TF-PDCs may be derived from undifferentiated 
myeloid leukemia. However, the detection ratio of TF- 
PDCs was low among all AML patients, so the associated 
clinicopathological features and significance for prognosis 
could not be investigated thoroughly.16

PDCs can be generated from non-leukemic cells, such 
as CD34+ myeloid progenitors and CD14+ monocytes, 
and our previous work demonstrated that TF-PDCs are 
likely to originate from the monocytic lineage. Acute 
myelomonocytic/monocytic leukemia (AML-M4/M5, 
respectively) may therefore provide an excellent opportu-
nity to study the prognostic significance of TF-PDCs. In 
this study, we examined TF-PDCs in the bone marrow of 
163 AML-M4/M5 patients. The results showed that the 
presence of TF-PDCs was significantly correlated with 
patients’ WBC count, Hb concentration, platelet count, 
bone marrow blasts and number of chemotherapy cycles 
needed to achieve complete remission (CR). The survival 
time of patients with TF-PDCs was shorter than that of 
TF-PDC negative patients, and patients with TF-PDCs 
also showed lower median sensitivity to standard che-
motherapy regimens. Multivariate analysis showed that 
the presence of TF-PDCs represents an independent prog-
nostic indicator of overall survival (OS). We also found 
that allogeneic hematopoietic stem cell transplantation 
(allo-HSCT) can significantly reduce leukemia residual 
disease and improve TF-PDC positive patients’ survival, 
suggesting that allo-HSCT might be an optimal choice for 
patients with TF-PDC infiltration due to its ability to 
change the microenvironment to be less conducive to 
PDC-to-leukemia transition.

Patients and Methods
Patient Selection
Between February 2015 and July 2018, 163 previously 
untreated AML-M4/M5 patients were retrospectively ana-
lyzed. All consecutive patients who were appropriate for 
this study during the period were included without selec-
tion. Histological diagnoses were made independently by 
at least two experienced senior pathologists based on the 
French-American-British (FAB) classification. Laboratory 
examinations of morphology, cytochemistry, cytogenetic 
and molecular biology testing were performed following 
standard protocols. The sample collection and following 
study were completed with the approval of the ethics 
committee in our institution, and all patients gave written 
informed consent. The response criteria for CR were 
assessed by conventional diagnostic methods using the 
International Working Group criteria. OS was defined as 
time from diagnosis to the date of death or last follow-up, 
and relapse-free survival (RFS) was defined as the time 
interval from when CR was obtained to the date of disease 
relapse after primary treatment.

Flow Cytometric Analysis
The identification schema of TF-PDC was the same as in 
our previous work.16 A two-step FCM analysis strategy 
was followed for all AML patients. First, using CD117, 
HLA-DR, CD34, and CD123, we identified myeloid pri-
mordial cells and made a diagnosis of AML. Second, 
gating on the CD123 positive cells, by using CD304, 
CD56, CD11c, CD13, CD33, CD15, CD14, CD64, 
CD34, CD117, CD38, we identified TF-PDCs as 
Lin−HLA-DRbri+CD123bri+CD304+CD56+CD11c−CD13+-
CD33+CD15−CD14−CD64−CD34−CD117−CD38+. TF- 
PDC status was classified as detectable (TF-PDC positive) 
or undetectable (TF-PDC negative) based on clear popula-
tion assayed by flow cytometry.

Treatment Strategy
After calculating the cytogenetic risk-group categories for 
all patients at the time of diagnosis, all patients were 
administered an induction therapy regimen consisting of 
cytarabine at a dosage of 100–200 mg/m2 daily as 
a continuous infusion for 7 days, in combination with 
daunorubicin at a daily dosage of 60–90mg/m2 on days 
1–3. The post-induction phase was carried out with one 
consolidation cycle (same drugs and doses as the induction 
phase) and two intensification cycles consisting of three 
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days of idarubicin (10mg/m2/day) and high-dose cytara-
bine (3g/m2/day). For those patients who underwent 
allo-HSCT, donor selection, stem cell mobilization and 
collection, conditioning regimens and GVHD prophylaxis 
were performed according to reported criteria.18–20

Drug Sensitivity Analysis
Drug sensitivity was analyzed using the High-throughput 
Drug sensitivity and functional Genes analysis Strategy 
(HDGS) (PRECDO Bio-pharmaceutical, Hefei, China). 
Briefly, 49 chemotherapy drugs, 9 targeted drugs, and 35 
combined therapy strategies were included. Sensitivity 
was identified according to the inhibition ratio: Low sen-
sitivity was defined as 30% ≤ inhibition ratio < 50%; 
median sensitivity was defined as 50% ≤ inhibition ratio 
<70%; and high sensitivity was defined as inhibition ratio 
≥ 70%.

Statistical Analysis
Statistical analysis was conducted using SPSS software 
(Version 18.0, LEAD cop). The normality distribution 
was estimated with the Kolmogorov-Smirnov test. The 
correlation of TF-PDC positivity with clinicopathologic 
features of patients was assessed by the Pearson χ2 test. 
Survival estimates were obtained using the Kaplan–Meier 
method, and comparisons were made using Log rank tests 
when analyzing the survival differences between TF-PDC 
positive and negative AML patients; patients who under-
went bone marrow transplant were excluded. Unpaired 
Student’s t-test for comparisons of two groups and one- 
way ANOVA for multiple group data were applied in this 
study. A COX proportional regression model was used to 
calculate the survival hazard ratio (HR). Statistical differ-
ences were considered significant if the P-value was less 
than 0.05.

Results
One hundred sixty-three newly diagnosed AML patients 
were analyzed using flow cytometry. A detection scheme 
was performed according to our previous work. In order to 
identify abnormal cell clusters, a radar plot was generated 
according to different expression of cell surface markers. 
In Figure 1, the blue cluster represents TF-PDCs. In order 
to distinguish blastic plasmacytoid dendritic cell neoplasm 
(BPDCN), TCL1 expression was also evaluated. In TF- 
PDC positive patients, TCL1 expression was negative in 
the PDC population. TF-PDC patients’ demographics and 
clinical characteristics are summarized in Table 1. The age 

of patients ranged from 8–60 years, with a mean age of 
46.9 ± 13.2 years. Sixty-two cases were TF-PDC positive, 
accounting for 38.03% of patients. The PDCs constituted 
an average of 2.8% of the mononuclear cells in the bone 
marrow in these patients. In addition, the presence of TF- 
PDCs was significantly correlated with the number of 
chemotherapy cycles required to achieve CR, ELN risk 
classification, FLT3-ITD mutation, patients’ WBC count, 
Hb concentration, platelet count and bone marrow blasts. 
The presence of TF-PDCs did not significantly correlate 
with the gender, age, cytogenetic abnormality, or FAB 
classification.

In order to explore the origins of TF-PDCs, karyotype 
analysis of leukemia blasts and sorted TF-PDCs were 
performed. In most of the patients, the same chromosomal 
abnormalities were detected in PDCs and leukemia blasts, 
such as AML1 amplification, BCR amplification, CBFB- 
MYH11 fusion, MLL amplification, ETO amplification, 
etc. (Figure 2), suggesting these types of PDCs might 
originate from leukemia blasts.

We next examined whether PDCs could influence the 
drug sensitivity of the patients. Drug sensitivity was eval-
uated through High-throughput Drug sensitivity and func-
tional Genes analysis Strategy (HDGS) and we found that 
leukemia cells from TF-PDC positive patients showed low 
sensitivity to cytarabine, idarubicin, cladribine, homohar-
ringtonie, fludarabine, decitabine, venetoclax, bortezomib, 

Figure 1 Radar plots illustrate cell composition of leukemic bone marrow. TF- 
PDCs in this sample are indicated by the blue cluster (Lin-HLA-DRbri+CD123bri 
+CD304+CD56+CD11c-CD13+CD33+CD15-CD14-CD64-CD34-CD117-CD38 
+); myeloid progenitor cells comprise the red cluster (CD34bri+CD38+CD117 
+HLA DR+CD123+CD56par+CD13+CD33bri+CD64par+CD14-CD11b-); mono-
cytic cells are pink clusters; mature lymphoid cells are green.
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tretinoin, vincristine, cyclophosphamide, methotrexate and 
methylprednisolone; medium sensitivity to vinflunine and 
carboplatin; and resistance to pirarubicin and sorafenib 
(Figure 3A–C). Of note, the leukemia cells of TF-PDC 
positive patients only showed a moderate level of sensitivity 
to a standard chemotherapy regimen (IA, DAC), and resis-
tance to the HD-DA, HOAP, HA regimen (Figure 3D). 
Results of serial monitoring of patients’ bone marrow 
blast cells and PDC cells showed that the percentages of 
both types of cells dropped over time, but the blast cells 
decreased more than the PDCs (Figure 3E). Furthermore, 
cell cycle analysis by flow cytometry indicated that PDCs 
were in G0/G1 phase (Figure 3F), consistent with the fact 
that PDCs possess a low proliferation index. These results 
suggested that TF-PDC positive AML patients might have 
primary chemotherapeutic resistance, and TF-PDC in the 
AML microenvironment might be the cause of drug resis-
tance and disease relapse.

Allogeneic hematopoietic stem cell transplantation 
(allo-HSCT) can significantly reduce leukemia residual 
disease and has been able to cure many AML patients. In 
our cohort, in order to avoid the bias due to HSCT, 
survival analysis was performed on patients who did 
not undergo HSCT. The OS for TF-PDC negative 
patients was significantly longer than that of TF-PDC 
positive patients (Figure 4A), suggesting that TF-PDC 
might be a poor prognostic factor for AML patients. In 
this study, we also demonstrated that survival of patients 
who underwent allo-HSCT was superior to that of those 
who underwent chemotherapy alone (Figure 4B). 
Interestingly, for TF-PDC positive patients, we found 
that allo-HSCT lengthened survival relative to che-
motherapy alone (Figure 4C, P<0.001) and patients who 
underwent allo-HSCT were able to remain negative for 
minor residual disease (MRD) during the follow-up, sug-
gesting that intensive chemotherapy is suitable for TF- 

Table 1 Relationship Between TF-PDC and Clinicopathological Features of AML Patients

Prognostic Variables No. TF-PDC

Negative Positive P-value

Gender

Female 66 38 28 X2= 0.906 0.341
Male 97 63 34

Age

>46 85 54 31 X2= 0.185 0.667
≤46 78 47 31

FAB classification

M4 80 53 27 X2= 1.225 0.268
M5 83 48 35

ELN risk classification

Favorable 63 35 28 X2= 7.228 0.027
Intermediate 49 38 11
Poor 51 28 23

Cytogenetics abnormality
Favorable 42 26 16 X2= 1.294 0.523
Intermediate 71 47 24
Poor 50 28 22

Gene mutation
NPM1 19 13 6 X2=0.381 0.537

Flt3-ITD 24 9 15 X2=7.416 0.008

No. of chemotherapy before CR 1.93 (1–3) 2.9 (1–4) t=5.19 0.00

Median WBC (x109, range) 55.6 (0.87–307) 51.1 (1.8–474) t=5.18 0.00

Median Hb concentration (g/dL, range) 80.8 (47–151) 81.8 (38–135) t=6.88 0.00
Median platelet count (x109, range) 79.2 (9–381) 76.4 (8–258) t=3.61 0.00

Bone marrow blast (%, range) 59.7 (21–98.7) 68.4 (20–94) t=32.03 0.00
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PDC positive patients and allo-HSCT might be an opti-
mal therapy strategy for them. In addition, survival ana-
lysis also showed that allo-HSCT provided a prognosis 
advantage in TF-PDC negative patients (Figure 4D). DFS 
analysis showed that survival of TF-PDC negative 
patients was superior (Figure 4E), and the incidence of 
relapse in TF-PDC positive patients was much higher 
than in TF-PDC negative patients (Figure 4F). The 
results of univariate and multivariate analysis for risk 
factors contributing to OS in patients are summarized in 
Table 2. Multivariate analysis of pretreatment factors 
revealed that cytogenetic abnormality, platelet count, 
FLT3-ITD mutation and TF-PDC expression were inde-
pendent prognostic indicators of OS, and multivariate 
analysis of treatment factors showed that disease relapse 
was a sole prognostic factor (Table 3). In summary, all 
our results demonstrated that TF-PDC in the BM micro-
environment is a poor prognostic factor for AML 
patients.

Discussion
The BM microenvironment plays an important role in 
regulation of leukemia cell growth, progression and drug 
resistance. Multiple lines of evidence have demonstrated 
that cellular components (such as bone marrow stromal 

cells, macrophages and osteoclasts) can regulate tumor 
growth. In this study, we evaluated the prognostic signifi-
cance of another BM cellular component, namely TF- 
PDCs, to leukemia transition in AML patients.

This study is the first to explore the diagnostic value of 
TF-PDCs in a large cohort. We found that TF-PDC posi-
tive patients had shorter survival times than the TF-PDC 
negative cohort and moderate sensitivity to standard che-
motherapy regimens. Moreover, we observed that allo- 
HSCT could maintain MRD negative status and improve 
the prognosis of TF-PDC positive patients. All these 
results suggested that TF-PDCs might play a protective 
role and transdifferentiate into leukemia cells in the AML 
microenvironment. Allo-HSCT might be an optimal ther-
apeutic strategy for patients with TF-PDC infiltration.

Based on our previous case reports and the existing 
literature, PDCs can be generated from non-leukemic cells 
(such as CD34+ myeloid progenitors and CD14+ mono-
cytes), but crucially can also differentiate from leukemic 
blasts of AML and MDS under rare conditions.21–23 Our 
previous work demonstrated that TF-PDCs are prone to 
monocytic lineage pathology and share the same chromo-
somal abnormalities as leukemia blasts. From this we 
inferred that AML-M4 and -M5 may be optimal diseases 
through which to explore the clinical significance of TF- 

Figure 2 Chromosomal abnormality of TF-PDCs in AML patients. (A) AML1 amplification. Red probe is ETO; green probe is AML1. (B) BCR amplification. Red probe is 
ABL; green probe is BCR. (C) CBFB-MYH11 fusion. Red probe is CBFb; green probe is MYH11; yellow signal indicates fusion. (D) 5q-, CSF1R (5q33) and EGR1 (5q31) are 
red probe; D5S23 and D5S721 (5p15) are green probe. (E) MLL amplification. MLL (11q23)5ʹ terminal is green probe; MLL (11q23)3ʹ is red probe. (F) ETO amplification. 
Red probe is ETO; green probe is AML1.
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PDCs. In a previous study that examined the interval from 
from November 2013 to September 2016, 1.13% of 
patients with AML were detected to have TF-PDC infil-
tration. In this study, we used the same scheme to examine 
the TF-PDCs in the patients with AML-M4 and AML-M5. 
The detection ratio increased to 38.03%, suggesting that 
TF-PDCs in AML (M4 and M5) might be differentiated 
from leukemia blasts or leukemia stem cells. Evidence has 
established that DC progenitors require factor FMS-like 
tyrosine kinase 3 ligand (FL) to expand and differentiate. 
FL is proposed to be a critical regulator that maintains the 
hemostasis and frequency of DCs.24,25 An internal tandem 
duplication (ITD) mutation in FLT3 is closely correlated 
with a particularly poor prognosis and increased incidence 
of relapse in AML patients.26–28 Rickmann et al29 ana-
lyzed the frequency of PDCs in diagnostic samples from 
47 FLT3-ITD− and 40 FLT3-ITD+ AML patients, and 
demonstrated that the frequency of PDCs in FLT3-ITD+ 

AML patients is higher than in ITD− AML patients and 
normal healthy controls; interestingly, PDCs sorted from 
ITD+ AML patients had the same ITD insert mutation seen 

in their leukemia cells. FLT3 is homologous to c-Kit and 
highly expressed in hematopoietic progenitor cells. Some 
studies have shown that FLT3 ligand injection can lead to 
expansion of PDCs in lymphoid and non-lymphoid organs, 
and furthermore, in mice, genetic deletion of FLT3 ligand 
or treatment with FLT3 inhibitors can decrease the fre-
quency of PDCs.24,30,31 These results demonstrated that 
the FL/FLT3 signaling pathway might be involved in 
expansion of tumor-associated PDCs in AML patients, 
suggesting these cells have close crosstalk with leukemia 
stem cells or leukemia cells.

DCs present antigens and stimulate specific T-cell 
response; they are responsible for recruitment and activation 
of NK cells and differentiation of naïve T cells. In AML 
patients, tumor-associated PDCs have been found to express 
some leukemia-related proteins in studies by our group and 
others. However, this does not mean PDCs can be efficiently 
presented to T cells. Some studies showed that AML PDCs 
cannot acquire co-stimulatory molecules CD80 and CD86, 
and expression of HLA-DR in PDC-positive AML was 
found to be significantly lower than in healthy controls.32 

Figure 3 Drug sensitivity analyzed by HDGS. (A) The inhibition ratio of leukemia cells to chemotherapy drugs. (B) The inhibition ratio of leukemia cells to assistance 
therapy drug. (C) The inhibition ratio of leukemia cells to targeted drugs. (D) The inhibition ratio of leukemia cells to normal therapy regimens. (E) Serial monitoring of the 
percentage of blast cells and PDCs in patients. (F) Cell cycle was evaluated by flow cytometry in PDC cells.
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On the other hand, PDCs are known to secrete large amounts 
of type I IFN after microbial infection. Type I IFN plays 
a crucial role in enhancing the cytotoxic activity of NK cells 
and macrophages, maintaining the survival and development 
of T cells.33,34 Type I IFN has been observed to treat AML in 
some xenograft studies and clinical trials. Long-acting IFN 
can have significant antileukemic activity in vivo. In the 
AML patients, the secretion of IFN by AML PDCs is sig-
nificantly decreased,32 suggesting that TF-PDCs in the TME 

might protect leukemia cells or leukemia stem cells from 
elimination by antileukemic immunity. In summary, since 
AML PDCs have the same cytogenetic abnormalities as 
leukemia cells and interfere in innate and adaptive immune 
responses against tumors, we suggest that they can be defined 
as malignant clones.

Current standard chemotherapy for AML is IA (cytar-
abine and idarubicin), but in our cohort, we found that 
patients with TF-PDC were likely resistant to 

Figure 4 Kaplan–Meier estimated overall survival of (A) the entire patient cohort (patients with HCT excluded) stratified by TF-PDC positive and negative. Kaplan–Meier 
estimated overall survival (B) of the entire patient cohort stratified by chemotherapy group and allo-HSCT. Kaplan–Meier estimated overall survival of TF-PDC positive AML 
patient cohort (C) and TF-PDC negative patients (D) stratified by chemotherapy group and allo-HSCT, Kaplan–Meier estimated relapse free survival (E) and cumulative 
incidence of relapse (F).

Table 2 Univariate and Multivariate Analyses of Pretreatment Factors on OS of the patients

Prognostic Variables Univariate Analysis Multivariate Analysis

HR (95% CI) p value HR (95% CI) p value

Gender (female vs male) 0.594 (0.339–1.043) 0.07 0.482 (0.260–0.892) 0.173
Age (≥46 vs <46) 0.214 (0.83–2.302) 0.049 1.306 (0.714–2.389) 0.386

WBC (≥53.8 vs <53.8 x 109/L) 0.900 (0.521–1.556) 0.707 1.642 (0.843–3.198) 0.145
Hb concentration (≥81 vs <81g/dL) 0.775 (0.460–1.304) 0.337 0.675 (0.375–1.216) 0.19

Platelet count (≥78 vs <78 x 1012/L) 0.593 (0.341–1.032) 0.064 0.456 (0.240–0.865) 0.016

Bone marrow blast (≥63% vs <63%) 1.173 (0.705–1.951) 0.54 0.616 (0.323–1.176) 0.142
ELN risk classification 0.910 (0.670–1.234) 0.544 0.736 (0.484–1.120) 0.152

Cytogenetics aberrations classified 0.760 (0.552–1.048) 0.094 0.671 (0.455–0.988) 0.043

NPM1 mutation 1.008 (0.458–2.221) 0.544 0.730 (0.267–1.995) 0.539
FLT3-ITD mutation 1.911 (1.008–3.622) 0.021 1.966 (0.943–5.200) 0.047

TF-PDC (Negative vs Positive) 2.111 (1.268–3.515) 0.004 3.190 (1.748–5.820) 0.002
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chemotherapeutics, and in particular had low sensitivity to 
cytarabine, idarubicin, cladribine, homoharringtonie, flu-
darabine, decitabine, venetoclax, bortezomib, tretinoin, 
vincristine, cyclophosphamide, methotrexate and methyl-
prednisolone; medium sensitivity to vinflunine and carbo-
platin; and resistance to pirarubicin and sorafenib. Of note, 
patients showed a moderate level of sensitivity to the 
standard chemotherapy regimen for AML and ALL. 
Therefore, in our clinical practice, in order to determine 
the optimal treatment for these patients, we chose che-
motherapeutic drugs to which they were moderately sen-
sitive and then performed allogeneic stem cell 
transplantation after achieving the first CR. In this way, 
the survival time of patients with TF-PDCs associated with 
AML could be prolonged significantly, suggesting that 
allo-HSCT might be an optimal therapeutic strategy.

In summary, patients positive for TF-PDCs showed shorter 
survival times compared to those without evidence of PDCs. 
TF-PDC positive patients might have primary resistance to 
standard AML chemotherapy regimens, which may underlie 
why the presence of TF-PDCs correlates with poorer prog-
nosis for AML patients. Our preliminary work explored the 
therapeutic strategies for these patients and found that allo- 
HSCT may be an optimal therapy, but multicenter prospective 
trials are required to confirm.
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