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ABSTRACT
Background: Early-phases clinical trials (Phases 1 and 2) have evolved from a traditional assessment of toxicity to an adaptive 
approach based on patients' medical needs and access to effective new therapies. The global risks, benefits, and relevance of 
early-phases clinical trials participation for patients with hematological malignancies remain poorly evaluated.
Patients and Methods: All early-phases clinical trials participations for patients with hematological malignancies, from 2008 
to 2023, in a tertiary academic center in Europe, were reviewed. Patient's demographics, tumor type categories, therapeutic re-
sponses, mortality, overall survival (OS), and investigational product (IP) were assessed.
Results: Over the period 2008–2023, 736 patients participating in 92 different early-phases clinical trials, were analyzed. The 
most common tumor categories were diffuse large B-cell lymphoma (n = 253; 34.4%), acute myeloid leukemia/myelodysplastic syn-
drome (n = 164; 22.3%) and multiple myeloma (n = 100; 13.6%). The median OS was 14.8 (95% CI: 12.4–17.9) months and response 
rate 31.9%, including complete responses in 13.5% of patients. By tumor categories, the highest and lowest median duration of OS 
were observed for patients with Hodgkin lymphoma (99.8; [95% CI: 47.0-not reached] months) and peripheral T-cell lymphoma (8.9 
[95% CI: 5.3–12.0] months), respectively. The on-protocol and treatment-related mortality rates were 5.43% and 0.54%, respectively. 
Overall response rate was 29.1% including 13.5% of complete response. Overall, 202 (27.5%) patients received an IP later approved by 
the health authorities, and those patients had better OS (18.2 months vs. 12.1 months HR: 1.160 [95% CI; 0.6977–1.391], p = 0.0283).
Conclusion: In conclusion, patients with hematologic malignancies who have participated in early-phases clinical trials over the past 
15 years have achieved variable therapeutic response rates, acceptable risk/benefit ratio and potentially significant therapeutic ad-
vantages. This study provides framework material for hematologists to further discuss clinical trial participation with their patients.

1   |   Introduction

Phase 1 clinical trials are defined as first clinical trials in human 
to evaluate drug safety and objective is to determine the Phase 2 

recommended dose [1–3]. Patients were traditionally referred to 
Phase 1 trials when they have no alternative effective therapy or 
when standard treatment has failed [4]. Subsequently, patients 
screened were heavily pretreated and enrollment criteria very 
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selective [5]. Inclusion in Phase 1 trial may raise ethical questions on 
its benefit for patients [3, 6]. More recently since 2000–2010-decade, 
Phase 1 trials tend to adaptive designing, including additional ob-
jectives, such as response and survival [2–4, 7–11].

Most studies evaluating large cohorts of patients in Phases 
1 clinical trials are in the field of solid tumors [3, 8, 9, 12–17]. 
Few data are available to evaluate patients in Phases 1–2 treated 
specifically for hematological malignancies. We previously re-
ported patients with hematological malignancies participating 
in early-phase clinical trials have intrinsic disease characteris-
tics different from those of solid tumors [18, 19].

Furthermore, medical need is a human health science concept 
often used in medical and economic studies to underline dis-
eases with weak therapeutic opportunities and poor prognosis 
[20]. By this concept, each disease can be in competition with 
other diseases for health authorities and medico economic sys-
tem, who must respond to the medical needs of an entire pop-
ulation. Rare cancers can be an unfair source of research and 
benefit for patients [20–22]. As the design of clinical trials for an-
ticancer drugs is strongly evolving toward an adaptive approach 
for the direct benefit of patients, real-life data are valuable for as-
sessing what are the real medical needs not covered by available 
therapeutics [7, 23]. We lack real life data on patients participat-
ing in early-phases clinical trials, with hematological cancers.

Phases 1–2 studies typically have small numbers and short 
follow-up, and the potential benefit of participating in these 
studies may appear small and poorly understood. Here, we 
propose a study in a large patient population, with longer fol-
low-up, and retrospective over more than 10 years, to investi-
gate the benefits and risks of participating in Phases 1–2 trials 
for patients with hematological cancer. This study aims to re-
port a comprehensive evaluation of safety and efficacy data 
and assessment of risks and benefits for patients with hemato-
logical cancer who participated in early-phases clinical trials 
from 2008 to 2023.

2   |   Patients and Methods

2.1   |   Objectives

Primary objective of the study was to describe the data from 
Phases 1–2 in a large population of patients with hematologi-
cal malignancies to evaluate the risk benefit of participation in 
a clinical trial. Secondary objectives were to report on clinical 
characteristics by different tumor types of hematological can-
cers. We retrospectively investigate characteristics of patients 
participating in early-phases (Phases 1 and 2) clinical trials at 
Institute Gustave Roussy, France, and aggregating data from 
Phases 1 and 2, over the last 15 years (from 2008 to 2023).

2.1.1   |   Patients

All consecutive adult patient (above 18-year-old at time of inclu-
sion in the considered clinical trials) and treated for a hemato-
logical malignancy in an early-phases clinical trial (Phase 1 or 2) 
in the Innovative Therapeutics and Early Trials Department at 

Institute Gustave Roussy from January 1st, 2008, until January 
1st, 2023, were retrospectively reviewed. All data about patient's 
demographics, tumor type, investigational treatment, toxicity of 
investigational treatment, efficacy of investigational treatment 
and overall survival (OS) outcomes were collected. The classifica-
tion of clinical trials according to therapeutic class and the NCT 
numbers of each clinical trial are summarized in Table S1.

2.1.2   |   Endpoint Definitions

Toxicities of investigational treatments were assessed accord-
ing to the National Cancer Institute (NCI)—Common Toxicity 
Criteria and was collected from the medical chart of the pa-
tients at Institute Gustave Roussy. Safety was analyzed by on-
protocol mortality, by treatment related mortality and mortality 
rates in the first 30 and 90 days of the protocol and investigated 
treatment-related death rate (Table 1). The on-protocol mortal-
ity rate was defined as death as the reason for end of protocol 
regardless of causality with the treatment. Response rate to in-
vestigational treatments was evaluated by established criteria 
approved by the protocol for each trial and was collected from 
the medical chart of the patients at Institute Gustave Roussy. 
Hematological malignancy diagnosis was established accord-
ing to WHO criteria in agreement at the time of clinical trial 
entry. Overall, eight categories of tumor types were distin-
guished with: diffuse large B-cell (DLBCL) lymphoma, acute 
myeloid leukemia and myelodysplastic syndrome (AML/MDS), 
multiple myeloma (MM), indolent lymphoma (IL), peripheral T-
cell lymphoma (PTCL), Hodgkin lymphoma (HL), mantle cell 
lymphoma (MCL), and myelofibrosis (MF). Indolent type lym-
phomas included follicular lymphoma, chronic lymphocytic leu-
kemia, Waldenstrom's disease, and marginal zone lymphoma. 
The last category (other) of all other tumor types included hairy 
cell leukemia and chronic myelomonocytic leukemia.

2.1.3   |   Data Analysis, Statistical Analysis, and Ethics

Continuous variables were reported as medians and interquartile 
ranges (IQR), while categorical variables were reported as num-
bers and proportions. OS was estimated using the Kaplan–Meier 
method and survival curves were compared using the log-rank 
test (Kaplan and Meier, 1958). OS was measured from the day of 
the first investigational treatment administration until death of 
any causes, and censoring patients still alive at the date of last 
follow-up. The cutoff date for the OS analysis was February 7th, 
2023. Data from all Phases 1–2 trials were aggregated and ana-
lyzed retrospectively and globally over the last 15 years (2008–
2023). We will assess treatment responses according to whether 
the investigational product (IP) was approved by the FDA or 
EMA at the time of data analysis (data analysis date February 
7th, 2023). Univariate and multivariate analyses assessing the 
impact of variables on OS were performed using Cox regression 
models. The variables selected were those used most often in 
clinical trials at the time of clinical study entry. The sodium bal-
ance was also tested for its simple use (blood ionogram), avail-
ability data and the known prognostic value of hyponatremia in 
patients with cancer [24, 25]. The proportional hazard assump-
tion was validated, and all significant variables (p < 0.05) were 
included in the multivariate analysis. Multivariate analysis was 
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performed by Cox regression, followed by backward stepwise se-
lection. Hazard ratios (HR) are given with 95% confidence inter-
val (CI). Statistical analyses were performed using the STATA 
software (STATA 15.0 Corporation, College Station, TX). Ethics 
approvals were obtained from local institutional review boards 
for the data collection collected from the medical chart of the 
patients at Institute Gustave Roussy.

3   |   Results

3.1   |   Patient Characteristics

From 2008 to 2023, 736 patients with hematological malignan-
cies were enrolled in early-phases clinical trials at Institute 
Gustave Roussy. At clinical trial entry time, median age (range) 
of patients was 66 (19–88), and 59.8% were male. The most fre-
quent hematological malignancies categories were diffuse large 
B cell lymphoma (DLBCL) (n = 253; 34.4%), AML/MDS (n = 164; 
22.3%), and MM (n = 100; 13.6%). Mean age was homogeneous in 
the main categories DLBCL, AML/MSD, and myeloma (66, 66, 
and 69 years old, respectively). We just observe exception in pa-
tients with HL who were younger (mean age 34 years). Patients 
in AML/MDS category had the lowest hematological blood 
count parameters (hemoglobin, platelet, and absolute neutrophil 
count) at clinical trial inclusion (Table 2).

3.2   |   Treatments Investigated in Early-Phases 
Clinical Trials for Patients With Hematological 
Malignancies

Overall, 736 patients participated in 92 different clinical trials. 
The median number of patients included per clinical trial was 4 
[range 1–44]. The investigated therapeutic products from clin-
ical trials belonged to 15 different therapeutic areas variously 
distributed according to tumor type categories (Figure 1). The 
most frequent therapeutic classes investigated were epigenetic 
(n = 236 pts., 32.1%), immuno-oncology (n = 107 pts., 14.5%), 
protein degrader (n = 105 pts.; 14.3%), targeted therapy (n = 61 
pts.; 8.3%), and anti-apoptotic protein inhibitor class (n = 56 
pts.; 7.6%).

3.3   |   Risk and Safety for Participation in Phase 1 
Clinical Trials

On-protocol mortality rate was 5.4% in the overall population. 
Patients treated for AML/MDS had the higher mortality on-
protocol (23.2%) while for other hematological indications mor-
tality rate during protocol remained low between 0% and 1.3%. 
Deaths related to investigated treatment occurred in 0.54% of 
patients in the overall population.

3.4   |   Response to Investigated Therapies 
and Benefit From Participation in Phase 1 
Clinical Trials

A total of 684 out of 736 patients (92.9%) had available data 
to evaluate therapeutic responses (Table  3 and Table  S2). T
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The overall response rate (ORR) for all tumor types was 31.9%, 
including complete responses (CR) achieved in 13.5% of pa-
tients and partial responses in 18.5% of patients. Therapeutic 
response rates varied across disease categories as shown in 
Figure 2. OS was significantly higher in patients responding to 
treatments (median OS = 30.4 months [95% CI; 24.3–48.9] vs. 
9.6 months, [95% CI; 8.5–11.0]; HR: 0.45 [95% CI; 0.37–0.57], 
p < 105) (Figure  3). By tumor type categories, ORR were the 
highest in AML/MDS (49.4%) and MM (33.0%) category. 

Conversely and across all categories of diseases, low ORR 
was observed for MCL (9.4%) and PTCL (15.6%) (Figure 2 and 
Table 3). Of the 736 patients, 202 (27.2%) participated in a clin-
ical trial who evaluated a therapy that was later approved by 
health authorities FDA or EMA. ORRs and OS were signifi-
cantly improved in patients who received a treatment later 
approved (respectively for ORR: 54.5% vs. 23.3%, p < 0.0001 
and for OS: 18.2 months vs. 12.1 months, HR: 0.79 [95% CI; 
0.65–0.95], p = 0.0128) (Table 3 and Figure 3).

FIGURE 1    |    Area of therapeutic investigation (by class of drugs investigated), in early-phases of clinical trials (Phases 1 and 2), in patients with 
hematological cancers, between 2008 and 2023 (n = 736 patients). AML, acute myeloid leukemia; DLBCL, diffuse large B cell lymphoma; IL, indolent 
lymphoma; MCL, mantle cell lymphoma; MDS, myelodysplastic syndrome; MF, myelofibrosis; PTCL, peripheral T cell lymphoma.

TABLE 3    |    Therapeutic response rate of patients with main category of hematological cancers (DLBCL, AML/MSD, and myeloma) participating 
in early-phases clinical trials (Phases 1 and 2) from 2008 to 2023 and depending on whether the experimental product was subsequently approved 
by the health authorities (Food and Drug Administration or the European Medicines Agency). Data presented are n (%) unless otherwise stated. For 
AML, CR corresponds to CR and CRi (complete response with incomplete count recovery).

Tumor type categories  
(n patients) All patients (736) DLBCL (253) AML/MDS (164) Myeloma (100)

Evaluable patients for 
efficacya

684 (92.9) 236 (93.3) 149 (90.9) 96 (96.0)

Best overall response 
(complete and partial)b

235 (31.9) 60 (23.7) 81 (49.4) 33 (33.0)

Complete responseb 99 (13.5) 26 (10.3) 45 (27.4) 11 (11.0)

Partial responseb 136 (18.5) 34 (13.4) 36 (22.0) 22 (22.0)

IP thereafter approveda 202 (27.5) 35 (13.8) 97 (59.5) 43 (43.0)

Evaluable patients for 
efficacya

195 (96.3) 34 (97.1) 92 (94.9) 43 (100)

Best overall response 
(complete and partial)b

110 (54.5) 12 (34.3) 68 (70.1) 17 (39.5)

Complete responseb 54 (26.7) 7 (20.0) 34 (35.1) 8 (18.6)

Partial responseb 56 (27.7) 5 (14.3) 34 (35.1) 9 (20.9)

Abbreviations: AML, acute myeloid leukemia; DLBCL, diffuse large B cell lymphoma; MCL, mantle cell lymphoma; MDS, myelodysplastic syndrome; MF, 
myelofibrosis; PTCL, peripheral T cell lymphoma.
aPercentages are expressed compared with total number of patients in each disease subcategory.
bPercentages are expressed compared with total number of evaluable patients in each disease subcategory.



94 European Journal of Haematology, 2025

3.5   |   Overall Survival of Patients Participating in 
Phase 1 Clinical Trials

With a median patient follow-up of 78.0 months (95% CI [70.4–
86.7]), the median OS for all patients was 14.8 months (95% CI; 
12.4–17.9) (Figure 3). The estimated OSs at 1, 3, and 5 years were 
of 55% (95% CI; 51–58), 31% (95% CI; 28–31), and 23% (95% CI; 
19–26), respectively. By tumor type categories, the longest me-
dian OS were observed in HL (99.8 months [95% CI; 47.0-NR], IL 
[58.8 months, 95% CI; 33.1–86.4], and MF [49.9 months 95% CI; 
19.8–71.6]). The poorest OSs were observed in PTCL (8.9 months 
[95% CI; 5.3–12.0]), AML/MDS (9.0 months [95% CI; 6.3–11.2]), 
DLBCL (9.6 months, [95% CI; 8.4–11.0]), and MCL (11.6 months 
[95% CI; 3.8–21.5]) (Figure 3).

Predictors of OS were analyzed, and the results are shown in 
Table S3. In a univariate Cox model, age, elevated LDH, hypoalbu-
minemia, lymphopenia, neutropenia, anemia, thrombocytopenia, 
and negative sodium imbalance were significantly associated with 
the risk of death. In the corresponding multivariate model, all pre-
vious variables, except hypoalbuminemia (p = 0.076), remained 
significantly associated with the risk of death (Table S3).

4   |   Discussion

We report here a large cohort of patients with hematologic ma-
lignancies participating in early-phases clinical trials. Compared 
with the main other scientific articles on early-phases solid 
tumor trials [3, 8, 9, 12–17], we observe similarities and dis-
tinctions. The main similarity was the safety data, as based on 
death related to treatment also called toxic deaths. Toxic deaths 
frequency was 0.54% in our study, which was similar frequency 

reported in other retrospective study of early-phases clinical tri-
als for solid tumors; ranging between 0.47% [13] and 0.67% [15]. 
Compared with solid tumor clinical trials, we interestingly ob-
served in our study for hematological cancers higher response 
rates: the ORR in our study was 31.9%, while ORR were in Phase 
1 for solid tumor between 3.8% [9] and 12.2% [15]. Our study 
emphasizes that in Phase 1 clinical trials, patients with hema-
tologic malignancies respond more favorably to the treatments 
investigated and this results are important to calibrate further 
methods in study design and for discussions between physicians 
and patients about objective and benefits to participate in such 
clinical trials.

In our study, we report the outcome of patients with hemato-
logic malignancy participating in early-phases clinical trial and 
obtaining ORRs of 31.9%. We observed that this ORR was partic-
ularly high in the AML/MDS tumor category (49%), that could 
partially be explained by the Phase 1 trials and results with 
IDH2 and IDH1 inhibitors [26, 27], which have greatly improved 
disease control and patient OS in the last 10 years.

Compared to solid tumors, significant differentiating param-
eters were biological characteristics of patients at the time of 
study entry. These biological abnormalities were intrinsically 
due to the hematological disease and must be taken into consid-
eration particularly when protocols include both patients with 
solid tumors and hematological cancers.

On-protocol mortality rate, defined as death as the reason for 
end of protocol regardless of causality with the treatment, and 
called on-study death rate, was 5.43% in our study. For compar-
ison, Chihara et al. found an on-study death rate of 8.0%, in a 
population of patients treated in Phase 1 for both solid and he-
matological tumors [15]. Our study found that on-study death 
rate was higher in patients with AML/MDS reaching 23.2% of 
patients, which could reflect the life-threatening condition of 
the disease.

Expectations for patients participating in clinical trials and for 
physicians who could propose participation to clinical trials 
should be continuously based firstly on benefits for patients and 
this benefit evaluation should be basically evaluated on safety 
and therapeutic advantages. We demonstrate in our study that 
benefits could be consistent with ORR of 31.9% of participating 
patients, that is much higher than historical results from retro-
spective analysis from Phase 1 solid tumors studies [28, 29]. We 
also observed that 27.5% of patients benefited from an investiga-
tional product which was subsequently approved by the health 
authorities FDA or EMA. These data confirm Phase 1 should 
be a valid therapeutic option and modern Phase 1 can now be 
deemed as definitive and valid opportunities for new anticancer 
treatment options [11, 30].

Some recent medical economic studies on cancer drug de-
velopment highlighted many inequalities in research be-
tween different tumor types and especially for rare cancers 
[21, 22, 31]. Medical needs assessment should be regularly up-
dated to design the most appropriate clinical trials [32]. Our 
study on Phase 1 clinical trials for patients with hematological 
malignancies provides comprehensive real data from clinical 
practice and could help to better assess unmet medical needs 

FIGURE 2    |    Histogram stacked at 100%, showing the distribution 
of therapeutic response rates, according to tumor type categories, 
in patients with hematological cancer participating in early-phases 
clinical trials (Phases 1 and 2), between 2008 and 2023. Responses 
were evaluated by the investigators in each protocol and according 
to the criteria of each disease and each protocol. For acute leukemia, 
the complete responses included in this figure the complete response 
(CR) and the complete responses with incomplete count recovery 
(CRI). AML, acute myeloid leukemia; CR, complete response; Cri, 
complete response incomplete count recovery; DLBCL, diffuse large B 
cell lymphoma; IL, indolent lymphoma; MCL, mantle cell lymphoma; 
MDS, myelodysplastic syndrome; MF, myelofibrosis; NA, not available; 
PD, progressive disease; PR, partial response; PTCL, peripheral T cell 
lymphoma; SD, stable disease.
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in hematological malignancies. For example, in our study we 
observed a median age of 66 years, homogeneous across the 
different tumor categories except for patients with Hodgkin 
lymphoma (HL) which concerns young patients (median age 
was 34 years). The young age of patients with HL could accen-
tuate the current significant medical need for these patients. 
Patients with AML, although they can benefit from IDH in-
hibitors with significant response rates, remain in our study 
with poor OS (median OS was 9 months) and AML remain a 
significant unmet medical need. Among patients with non-
HLs, PTCL patients have poorest duration of OS (median OS 
was 8.9 months) and very low ORRs to the investigated treat-
ment (ORR 15.6%). Although the recent therapeutic advances 
with epigenetic drugs for PTCL [33–36], the search for innova-
tive approaches should intensify in PTCL field to obtain better 
results in outcome of patients.

Our study could guide and help with possible recommenda-
tions to clinicians for the allocation of their patients and eligi-
bility for Phases 1 and 2 trials. Based on our study, we could 
recommend to intensify clinical research of new drugs as a pri-
ority for patients with relapsed or refractory pathologies with 
the most unmet medical needs and poor outcomes, e.g., for 
diseases such as PTCL, acute myeloid leukemia, diffuse large 
B-cell lymphoma, and MCL. Since these patients have a poor 
prognosis, they should benefit as a priority from new research 
and new treatments. We can also emphasize that based on our 
study, certain pathologies such as Hodgkin's lymphoma or IL 

are associated with a prolonged median survival, which sug-
gests that disease control can be prolonged and therefore that 
anti-lymphoma treatments and innovative approaches and re-
searches should be developped in these patients.

Our study contains limitations for the interpretation of the 
results. The single-center cohort is associated with selection 
bias in patients populations and potentially outcomes of pa-
tients populations. We retrospectively analyzed the data of pa-
tients included in clinical trials, having received at least one 
dose of IP, and this only reflects part of the estimation of the 
medical need of patients, as we did not consider patients who 
were not eligible, or who were excluded after screening pe-
riod. The present study is descriptive in nature and although 
we performed multivariate analysis to adjust for some base-
line patient characteristics, there may be other unobserved 
confounding factors that require further sensitivity analyses. 
Therefore, factors associated with survival observed in this 
study should be interpreted with caution. This study never-
theless brings together, to our knowledge, the broadest ex-
perience of clinical trials for hematological cancers, in large 
population, and summarizes a substantial data set.

In conclusion, patients with hematologic malignancies who 
have participated in early-phases clinical trials over the past 
15 years have achieved variable therapeutic response rates and 
potentially significant therapeutic advantages with acceptable 
benefit/risk ratio. This study provides a comprehensive data 

FIGURE 3    |    Overall survival of patients with hematological cancers, included in early-phases clinical trials, between 2008 and 2023, in all 
patients (Panel A), according to objective response to treatment (Panel B [Objective responses positive were partial response and complete response]), 
according to the tumor type category (Panel C) and according to treatment approval or not (Panel D). AML, acute myeloid leukemia; DLBCL, diffuse 
large B cell lymphoma; IL, indolent lymphoma; MCL, mantle cell lymphoma; MDS, myelodysplastic syndrome; MF, myelofibrosis; PTCL, peripheral 
T cell lymphoma.
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framework for hematologists to further discuss participation in 
a clinical trial with their patients.
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