
Iacovino et al. 
Journal of Translational Medicine          (2025) 23:547  
https://doi.org/10.1186/s12967-025-06509-z

RESEARCH

Comparison of baseline patient 
characteristics in phase 1 and phase 2/3 clinical 
trials for anticancer treatments
Maria Lucia Iacovino1, Simone Talucci2, Laura Arenare1, Andrea Caglio3, Andrea Canciello1, Flavio Salerno3, 
Sergio Facchini1, Adriano Gravina1, Clorinda Schettino1, Maria Carmela Piccirillo1, Pier Paolo Olimpieri4, 
Massimo Di Maio5 and Francesco Perrone1*   

Abstract 

Background Characteristics of patients significantly differ between registrational clinical trials (CTs) and Italian 
real-world practice, with older median age, higher elderly (≥ 65) rate and worse performance status (PS) in the latter, 
without imbalance in female rate. We compared the same characteristics between registrational phase 2/3 and phase 
1 CTs.

Methods Data on age, sex and PS were extracted from European Public Assessment Reports of European Medicines 
Agency. Weighted means and standard deviations were calculated in both groups and differences were described 
overall, by cancer type and drug class.

Results We collected 103 phase 2/3 and 111 phase 1 CTs, supporting 97 therapeutic indications. Age and sex were 
compared in 59 indications. Mean median age (SD) was 60.7 (5.1) years in phase 2/3 and 59.7 (5.6) years in phase 1 
(p = 0.051). Age difference was greater for skin and breast cancer; no heterogeneity emerged among drug classes. 
Mean female rate was not statistically significantly lower in phase 2/3 than phase 1 CTs overall, (mean difference 
− 4.9%, p = 0.999); difference was greater for skin and upper-gastrointestinal cancers and for cytotoxic agents. Mean 
PS > 1 rate, compared in 47 indications, was similar in phase 2/3 [2.3% (4.7)] and phase 1 [1.8% (3.5)] (p = 0.374); 
difference was greater for colorectal cancer and cytotoxic agents.

Conclusions We found no statistically significant difference in age, sex and PS between patients in phase 2/3 
and corresponding phase 1 CTs for anticancer treatments. Therefore, patient selection in phase 1 trials appears crucial, 
considering its potential impact in later development phases.
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Introduction
Patient population for clinical trials (CTs) is defined by 
eligibility criteria, considering characteristics such as age, 
performance status (PS), disease stage and molecular 
characteristics, organ function, prior and concomitant 
treatments, and comorbidities. Such criteria are crucial 
in order to discover potential treatment benefit but 
also to protect the safety of enrolled patients. However, 
eligibility restrictions might significantly impair 
generalizability of trial results into the broader real-
world population that will ultimately receive those 
interventions [1–3]. Particularly, some patient groups 
(pediatric, geriatric, women, racial minorities, those with 
impaired performance status or poor prognosis, etc.) are 
underrepresented in clinical trials [4–7].

We recently compared baseline characteristics of 
cancer patients enrolled in registrational clinical trials 
and real-world Italian clinical practice, accessible through 
web monitoring registries developed by Italian Medicines 
Agency (AIFA) [8]. Our analysis included data on age, sex 
and PS, available both in registries and trials considered 
by European Medicines Agency (EMA) for registration, 
regarding 129 treatments, and significant disparities were 
observed. Older median age and higher rate of elderly (> 
65 years old) patients were found in clinical practice than 
in clinical trials. Also, patients treated in clinical practice 
had worse PS than those enrolled in clinical trials, 
while no significant imbalance was found regarding sex 
representativeness [9].

Few studies have investigated whether patient 
characteristics do actually diverge across subsequent 
phases of clinical development, e.g. from phase 1 to 
later phase 2/3 trials [10]. Phase 1 clinical trials, indeed, 
represent the first step in clinical research to evaluate 
the role of a new drug by defining the right dose and 
schedule, depicting a preliminary safety profile, and 
providing insights on anticancer activity; ultimately, 
informing later trials that in time will lead to regulatory 
agencies’ approval [11]. Recently, thanks to the uprising 
of targeted agents, detection of anticancer activity signals 
in phase 1 trials is becoming more important and new 
agents could eventually get approval without later phases’ 
evaluation [12]. In this evolving setting, the importance 
of patients’ selection with its value and limitations is 
growing as well.

Based on the above considerations, we hypothesized 
that differences in baseline characteristics of patient 
population could also be revealed in early phase 1 trials 
and subsequent phase 2/3 trials leading to registration.

Material and methods
Study design and data sources
The present study started from a former database of 140 
phase 2/3 trials of anticancer drugs selected matching 129 
AIFA web monitoring registries released between January 
16 th, 2013 and May 19 th, 2022 and related to 129 
distinctive therapeutic indications. Phase 2/3 trials were 
collected from the European Public Assessment Reports 
(EPAR) published at EMA website; data on age (median/
mean), sex (female, male) and Eastern Cooperative 
Oncology Group (ECOG) PS of patients enrolled were 
extracted. For the purpose of this study, we searched and 
collected from the EPARs the same data from phase 1 
trials corresponding to phase 2/3 of the former database. 
Treatments were classified into the following categories: 
cytotoxic, hormonal, immunotherapy, target-based, 
immunotherapy + cytotoxic and target-based + cytotoxic. 
Solid tumours were grouped as follows: breast, lung, 
colorectal, prostate, other genito-urinary, gynaecological, 
head and neck, melanoma, neuroendocrine (NET), skin, 
upper-gastrointestinal cancers and sarcomas. The final 
database is available at https:// doi. org/ 10. 5281/ zenodo. 
14260 553.

Statistical analysis
Age, sex and PS distribution were described in phase 
1 and phase 2/3 trials. Reasons for missing data were 
detailed; mean age was used, if available, when median age 
was missing; conversion from Karnofsky to ECOG scale 
was done if technically possible, when ECOG PS was not 
available. Each variable of interest (median age, rate of 
females and rate of patients with PS > 1) was graphically 
described in bivariate scatter plots reporting values for 
phase 1 and 2/3 clinical trials couples, size of symbols 
being proportional to the number of patients enrolled 
in phase 1 trials and color of symbols representing 
breast, lung, colorectal, prostate and other cancers. For 
each variable of interest, weighted means with standard 
deviations (SD), where the number of patients enrolled 
in phase 1 was used as weight, were calculated in both 
groups. The difference between weighted means in phase 
2/3 and phase 1 trials was calculated and described, in 
the whole dataset and according to cancer type and class 
of drug. For the overall comparison of median age, rate 
of female and PS > 1 patients, Wilcoxon matched-pairs 
signed-rank test was applied to test the null hypothesis of 
no difference. No further statistical tests were applied to 
subgroup descriptions in order to avoid multiple testing 
biases.

https://doi.org/10.5281/zenodo.14260553
https://doi.org/10.5281/zenodo.14260553
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Results
Out of 129 therapeutic indications (related to 59 
anticancer drugs) for which 140 phase 2/3 trials were 
available in the former database, 32 were excluded, as 
phase 1 trials were unavailable or shared with other 
indications; therefore, 97 indications with corresponding 
phase 1 trials extracted from EPARs, were eligible 
for analysis. For such indications, 103 phase 2/3 and 
111 phase 1 trials were available; the overall number 
of patients enrolled in trials was 60284 for phase 2/3 
and 7369 for phase 1. Lung and breast were the most 
represented cancer types, being involved in 25.8% and 
16.5% of all the indications, respectively. For the analysis, 
we excluded phase 1 trials enrolling different cancer types 
without providing baseline characteristics for each. In age 
comparison, one phase 3 trial was excluded because of 
missing data, as was one trial for sex comparison. For PS 
comparison, 21 trials were excluded because of missing 
data in phase 1 (n = 15), phase 2/3 (n = 3) or both (n = 3). 
The flowchart is reported in Fig. 1.

Distribution of median age in both groups was 
evaluated for 59 therapeutic indications (Fig.  2a and 
Table 1). Overall, weighted mean of median age (SD) was 
60.7 (5.1) years in phase 2/3 and 59.7 (5.6) years in phase 
1 trials, with a mean difference of 1  year (p = 0.051). 
Distributions by cancer type and class of drug showed 
mostly higher median age in phase 2/3 CTs (10 cases out 
of 16 subgroups). Larger differences were seen for skin 
and breast cancers (4.2 years and 3.1 years, respectively), 

while negative differences were found in colorectal (− 
1.9 years), upper-gastrointestinal (− 1.4 years), head and 
neck (− 0.4 years) cancers and trials including cytotoxic 
drugs (− 0.3 years) or the combination of immunotherapy 
+ cytotoxic (− 0.4 years).

The rate of female patients was distributed for 59 
therapeutic indications as reported in Fig. 2b and Table 2. 
Weighted mean (SD) rate of female patients was 40.8% 
(27.3) in phase 2/3 and 45.7% (23.0) in phase 1 trials, 
mean difference being − 4.9% (p = 0.999). Differences 
according to cancer type and class of drug were noted in 
both directions, the larger being for skin (mean difference 
6.0%), upper-gastrointestinal (− 8.0%) cancers and trials 
including cytotoxic agents (− 10.5%).

Distribution of the rate of PS > 1 patients in both 
groups was described for 47 therapeutic indications 
(Fig. 2c and Table 3). Weighted mean (SD) rate of PS > 1 
patients was 2.3% (4.7) in phase 2/3 and 1.8% (3.5) in 
phase 1 trials, with a mean difference of 0.5% (p = 0.374). 
Larger differences were found in colorectal cancer trials 
(mean difference − 6.1%) and trials including cytotoxic 
agents (2.5%).

Discussion
Concerns over inclusiveness of patient population in 
clinical trials are a main issue in modern oncology. In fact, 
it is known that patients enrolled in trials are often highly 
selected, potentially resulting in different outcomes of 
safety and survival when compared with the real-world 

Fig. 1 Flowchart of the study
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population [13]. We previously found significant 
disparities in age and PS status between patients enrolled 
in registrational trials and real-world practice. Patients 
in clinical practice, indeed, were on average more than 

5  years older, with a higher rate of elderly and worse 
performance status. Rate of female patients was balanced 
overall, with some differences when considering specific 
cancer types [9]. Given these results, we searched for a 

Fig. 2 Distribution by type of cancer of patients’ characteristics in phase 1 and 2/3 clinical trials (a median age, b female rate; c PS > 1 rate)

Table 1 Weighted mean (SD) of patients’ median age in phase 1 and 2/3 clinical trials by cancer type and drug class

NET neuroendocrine tumors

N° indications Phase 2/3 trial Phase 1 trial Delta p value
wMean
Median age (SD), years

wMean
Median age (SD), years

Overall 59 60.7 (5.1) 59.7 (5.6) 1.0 0.051

By cancer type

 Breast 8 57.7 (4.5) 54.6 (3.8) 3.1

 Colorectal 3 60.6 (0.4) 62.5 (1.1) − 1.9

 Lung 23 60.0 (4.8) 59.6 (5.2) 0.4

 Prostate 4 69.2 (0.8) 68.1 (0.4) 1.1

 Genito-urinary 5 65.7 (3.3) 64.4 (5.4) 1.3

 Gynaecological – – – –

 Head and neck 3 58.0 (2.7) 58.4 (3.8) − 0.4

 Melanoma 9 59.0 (4.0) 57.2 (3.2) 1.8

 NET – – – –

 Skin 2 66.0 (4.5) 61.8 (10.0) 4.2

 Sarcoma – – – –

 Upper-gastrointestinal 2 62.5 (0) 63.9 (0.2) − 1.4

By drug class

 Cytotoxic 3 59.9 (2.1) 60.2 (3.8) − 0.3

 Hormonal 3 69.0 (0.5) 68.0 (0.3) 1.0

 Immunotherapy 12 63.8 (2.5) 62.7 (4.0) 1.1

 Immunotherapy plus cytotoxic 6 59.2 (5.5) 59.6 (5.0) − 0.4

 Target therapy 32 58.3 (4.9) 57.2 (5.0) 1.1

 Target therapy plus cytotoxic 3 57.5 (2.1) 54.9 (5.8) 2.6
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similar trend in earlier phases, as a potential cause of 
over-selection. Indeed, it is well known that criteria for 
phase 1 enrolment are even more stringent, due to strict 
molecular and clinical selection for new potentially toxic 
target agents, several prohibited concomitant conditions 
and medications that could possibly interfere with the 
novel drugs tested [14]. Also, there might be a clinician 
bias leading to consider early-phase trials as more 
unsafe for patients, consequently reducing the number 
of candidates for clinical protocols. Phase 1 trials might 
also be more demanding for patients because of a greater 
number of planned visits and procedures. This could lead 
to exclusion of patients considered unable to adhere to 
trial rules or lacking social support.

Previous works have investigated disparities in phase 
1 trials’ enrolment [15, 16]. Although upper age limits 
are mostly absent in trial protocols, older patients 
might be excluded from phase 1 clinical trials due 
to concerns about potential comorbidities, altered 
pharmacokinetics, and presumed frailty, thus limiting 
insights into treatment effects for older adults, despite 
the high prevalence of cancer in this population [17–19]. 
However, our analysis did not find statistically significant 
differences in age between phase 1 and phase 2/3 trial 

populations, revealing disparities in both directions when 
considering different cancer types, with no clear evidence 
of elderly underrepresentation in early phase research. 
Consistently with our findings, a recently published 
cross-sectional study conducted at an Academic Center 
in Massachusetts reported disparities in phase 1 versus 
2/3 enrolment based on ethnicity, while no differences 
emerged by age, and also by insurance status, marital 
status and income [10]. This evidence could possibly 
suggest a similar role of age in patient selection for 
clinical trials, regardless of the phase.

Also when considering the rate of female patients 
enrolled, no statistically significant difference emerged 
overall. As women and men may respond differently 
to treatments, given women’s unique biology, 
including hormonal differences and varied responses 
to medications, these results reassure about the 
generalizability of clinical trials findings into female 
population. When women are equitably represented, 
early-phase trials can more accurately capture sex-
specific responses to investigational therapies, leading 
to better-informed dosing, fewer adverse events, and 
eventually improved outcomes. Interestingly, lower 
female rate was found in phase 1 trials evaluating 

Table 2 Weighted mean (SD) of female rate in phase 1 and 2/3 clinical trials by cancer type and drug class

NET neuroendocrine tumors

N° indications Phase 2/3 trial Phase 1 trial Delta p value
wMean
Female rate (SD), %

wMean
Female rate (SD), %

Overall 59 40.8 (27.3) 45.7 (23.0) − 4.9 0.999

By cancer type

 Breast 7 99.8 (0.2) 99.5 (1.3) 0.3

 Colorectal 3 41.1 (5.7) 40.9 (9.6) 0.2

 Lung 24 46.2 (14.6) 50.0 (8.8) − 3.8

 Prostate 4 0 0 0

 Genito-urinary 5 24.6 (2.1) 24.4 (5.7) 0.2

 Gynaecological – – – –

 Head and neck 3 17.9 (9.1) 14.7 (4.0) 3.2

 Melanoma 9 42.8 (4.1) 39.8 (4.9) 3.0

 NET – – – –

 Skin 2 28.0 (12.0) 22.0 (2.5) 6.0

 Sarcoma – – – –

 Upper-gastrointestinal 2 35.7 (11.1) 43.7 (15.8) − 8.0

By drug class

 Cytotoxic 3 33.0 (6.4) 43.5 (7.4) − 10.5

 Hormonal 3 0 0 0

 Immunotherapy 12 34.9 (8.4) 37.3 (9.8) − 2.4

 Immunotherapy plus cytotoxic 6 57.3 (37.0) 64.5 (32.2) − 7.2

 Target therapy 32 55.4 (21.6) 54.7 (20.6) 0.7

 Target therapy plus cytotoxic 3 27.8 (14.5) 21.0 (12.9) 6.8
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treatments for skin cancer, confirming a trend that was 
already seen for registrational trials when compared 
to clinical practice in our previous study. These results 
could eventually advocate the need for a focus on this 
specific cancer type.

As to performance status, differences in both directions 
were found when comparing the rate of patients with 
PS > 1 in phase 1 and 2/3 clinical trials, but without 
statistical significance. Indeed, many clinical trials restrict 
enrolment to patients with ECOG PS 0–1 regardless of 
phases, prioritizing individuals who are healthier and 
potentially more resilient to drug toxicities, possibly 
explaining why poor PS rate was low on average in both 
populations.

Despite our findings appear encouraging in terms of 
phase 1 clinical trials’ inclusiveness and accessibility, 
some limitations must be advised. Firstly, the low number 
of indications (ranging from 47 to 59) for which we 
were able to compare the two populations. The initial 
denominator was actually higher (129) but yet not fully 
representative of all the indications available for cancer 
treatment, because it was selected based on the presence 
within AIFA administrative registries. In addition, 
the number of indications was further reduced by the 

need to exclude basket trials not providing patients’ 
characteristics by each cancer type. By including those 
trials, in fact, the overall comparison would have been 
biased by the inherent epidemiological characteristics 
of distinct cancers (e.g. endometrial and ovarian cancer 
cohorts would necessarily have a 100% rate of female 
patients, as prostate cancer cohort would have none; also, 
the incidence of various cancer types differs significantly 
across age groups, partially reflecting distinct biological 
and environmental risk factors). Moreover, a descriptive 
analysis of distributions by cancer type could not be 
performed for such trials, thus generating confusion and 
potentially leading to inaccurate insights.

In conclusion, similar characteristics observed in 
baseline populations suggest no evident disparities in 
patient enrolment for early phase trials as compared 
to later trials supporting drug registration. A possible 
explanation may be that criteria (in terms of age, sex, 
performance status) applied in patient selection for phase 
1 trials directly inform also patient selection strategies for 
later phase 2/3 trials. This might be the result of “study 
expansion” approaches or conservative strategies tending 
to apply the evidence available from early phases into 
study designs of later phases, in a way that may lead to 

Table 3 Weighted mean (SD) of PS > 1 rate in phase 1 and 2/3 clinical trials by cancer type and drug class

NET neuroendocrine tumors, PS performance status

N° indications Phase 2/3 trial Phase 1 trial Delta p value
wMean
PS > 1 rate (SD), %

wMean
PS > 1 rate (SD), %

Overall 47 2.3 (4.7) 1.8 (3.5) 0.5 0.374

By cancer type

 Breast 6 0.1 (0.2) 1.2 (0.6) − 1.1

 Colorectal 2 0.2 (0.3) 6.3 (1.2) − 6.1

 Lung 22 4.1 (5.9) 2.9 (4.3) 1.2

 Prostate – – – –

 Genito-urinary 4 0.5 (0.3) 0.3 (1.0) 0.2

 Gynaecological – – – –

 Head and neck 1 0 0 0

 Melanoma 8 0.2 (0.3) 0.4 (1.0) − 0.2

 NET – – – –

 Skin 2 1.7 (1.6) 0 1.7

 Sarcoma – – – –

 Upper-gastrointestinal 2 0.2 (0.1) 0 0.2

By drug class

 Cytotoxic 3 6.6 (5.9) 4.1 (3.8) 2.5

 Hormonal – – – –

 Immunotherapy 10 0.4 (0.3) 0.2 (0.8) 0.2

 Immunotherapy plus cytotoxic 6 0.1 (0.1) 0.6 (0.7) − 0.5

 Target therapy 28 3.5 (5.8) 3.0 (4.3) 0.5

 Target therapy plus cytotoxic – – – –
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“a priori” homogenization of eligible patients throughout 
drug development. Given that patient selection remains 
conservative from the beginning of clinical development, 
improving phase 1 trials’ design appears crucial for 
subsequent experimental development because it 
might notably affect further patient selection and 
generalizability of results. Moreover, the role of phase 1 
trials in generating meaningful preliminary efficacy data 
that may lead to accelerated approvals from regulatory 
agencies, particularly for high-need cancers lacking 
effective treatments, is rising. Consequently, this shift 
emphasizes the constant need for robust, diverse phase 
1 data to warrant a wider patients’ selection also for later 
phases and to ensure that early approvals align with real-
world patient outcomes.
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