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Abstract

Background: Anti-PD-(L)1 inhibitors have transformed cancer treatment. However, their high
costs severely restrict their accessibility, especially in low- and middle-income countries
(LMIC). Low-dose regimens, inferior to weigh-based or flat dosings, may help address this
barrier. Our aim is to evaluate their dosing strategies, clinical outcomes, and potential cost

savings.

Methods: WebOfScience, ASCO and ESMO conference databases were systematically
searched until January 31st, 2025, for post- commercialization use of anti-PD-(L)1 agents at
reduced doses compared to FDA- and/or EMA- approved weight-based regimens.

Results: 32 eligible studies (4 clinical trials and 28 observational studies), including 2,055
patients, met the review criteria. Two studies had non-inferiority designs, and 26 grouped
patients across various palliative treatment lines among them. Most studies originated from
LMIC (53.1%), focusing on head and neck (30.1%) and non- small cell lung cancers (15.1%).
Low-dose anti-PD-(L)1 was used as monotherapy in 21 studies, reporting radiological
responses in 16 (5-100%). Risk of bias was serious in 56% of the studies, while the rest was
moderate. Nivolumab was the anti-PD-(L)1 most frequently investigated (k=27). Nivo40 mg
Q2W (k=8) and Nivo20 mg Q3W (k=6) were the most assessed doses. More than two-thirds of
the studies achieved estimated savings of >80% compared to list prices; however, potential

drug vial wastage was predicted.

Conclusion: Although low-dose anti-PD-(L)1 drugs have shown some efficacy, risk of bias in
the included studies remains significantly high. Radiological responses were reported even as
monotherapy in both solid and haematological malignancies. Ongoing non-inferiority and
near-equivalence trials will help improve the quality of current evidence and confirm clinical

validity.



INTRODUCTION

Immune checkpoint inhibitors (ICIs) have revolutionized cancer care from the bench to the
bedside, aiming for long-term tumor responses by targeting the programmed cell death protein
1 (PD-1) receptor, its ligand (PD-L1), and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4). Since the approvals of ipilimumab in 2011 and nivolumab in 2014, various tumor
types have been investigated for their responsiveness to these anticancer drugs, leading to Food
and Drug Administration (FDA) and European Medicines Agency (EMA) approvals for up to
21 different malignancies®3. Between 30-42% of patients receiving palliative systemic
therapy have been reported to receive ICls, either as monotherapy or in combination, at some
point during treatment in high-income countries (HICs), according to large retrospective
studies. This trend is driven primarily by melanoma, renal cell carcinoma (RCC), urothelial
cancer, non-small cell lung cancer (NSCLC), and head and neck squamous cell carcinoma
(HNSCC)*®. Meanwhile, pharmaceutical companies continue to develop new ICI molecules
aimed at improving clinical outcomes and safety. These innovations now include bispecific
antibodies targeting more than one surface protein in addition to PD-(L)1 or CTLA-45 as well

as combinations with antibody-drug conjugates, among other advances’.

ICIs like nivolumab and pembrolizumab have been among the 10 top-selling drugs worldwide
since 20188, leading to high costs for payers and healthcare providers. Ensuring access to these
therapies for current and future patients is a growing concern for funding bodies, regulatory
agencies, and governments®, especially given the extended treatment durations and the

expected global rise in cancer cases™®.

While medical providers in HICs are implementing cost negotiation strategies, and in some
cases exploring alternative approaches such as enrolment in clinical trials, early access
programs, co-payment models, and outcome-based payment schemes!t!213  Jow- and middle-
income countries (LMICs) face significant challenges in providing access to immunotherapy,
meeting only 3% of immunotherapy indications**. Economic constraints, inadequate
infrastructure, social disparities, and low health literacy are contributing factors to drug
shortages and the limited availability of clinical trials in these regions®>¢. Moreover, ICls are
currently not among the 20 most requested anticancer drugs in LMIC oncology departments,

as basic drugs like hormone therapies and chemotherapies remain in short supply*’.



Exploring the production of ICI generics or biosimilars in LMICs is on hold until 2028, when
the patents for some of the anti-PD-(L)1 drugs will start to expire'®. An alternative approach is
choosing other novel and more affordable ICls, but these are currently tested and approved for
only a few indications®. One immediate cost-saving strategy under consideration is revisiting
the administration frequency, but also the dosage per patient?®2122 Weight-based dosing, as
opposed to fixed or flat dosing, has been shown to maintain receptor occupancy, therapeutic
plasma concentrations, and efficacy, and also at lower doses?®?4. Encouraging results have also
been reported with low-dose anti-PD-(L)1 as nivolumab 40 mg or pembrolizumab 100 mg, still
showing promising clinical benefits?>?%. The weight-based anti-PD-(L)1 prescription approach
has already been implemented in some HIC policies and it is becoming a common practice in
LMICs to ensure access to immunotherapy for cancer patients?”28, though lower anti-PD-(L)1

doses raise concerns about potential loss of efficacy?®.

In this systematic review, we examined of the existing literature to identify and assess all
studies investigating the use of low-dose anti-PD-(L)1 doses. Our aim was to evaluate the most
treated populations with these regimens, treatment efficacy, supporting evidence for the
selected dose, potential cost savings inferred or accrued from these approaches, and safety.



METHODS

The study protocol was registered in PROSPERO (registration number CRD42024595427) and
reported in accordance with the "Preferred Reporting Items for Systematic Reviews and Meta-
Analyses" (PRISMA) guidelines®® (Supplementary Table S1). Additionally, it followed the
"EQUATOR Reporting Guidelines"3!.

Strategy for search and criteria for selection of studies

Two independent researchers (P.J.L. and F.M) conducted a systematic search of the literature.
Web of Science database (Clarivate Analytics) was searched, incorporating its Core Collection,
MEDLINE, Current Contents Connect, Grants Index, ProQuest Citation Index, KCI-Korean
Journal Database, and SciELO Citation Index, in addition to the Cochrane Central Register of
Clinical Trials from the inception of the databases until October 10", 2024. An update of the
search was later performed up until January 31%, 2025. It also covered relevant abstracts and
presentations from major conference databases of the American Society of Clinical Oncology
(ASCO) and the European Society for Medical Oncology (ESMO), including the same

timeframes.

The following keywords were used for all the searched databases: (low-dose OR low dose OR
ultra-low dose OR ultra low dose OR ultra low-dose OR reduced dose OR infradose OR
infradosification OR low-intensity OR micro-dose) AND (PD-L1 OR PD-1 OR anti-PD1 or
anti-PD-L1 OR immune checkpoint inhibitor* OR immune-checkpoint inhibitor OR
checkpoint blockade OR ICI OR ICIs OR pembrolizumab OR pembro OR atezolizumab OR
atezo OR nivolumab OR nivo OR durvalumab OR durva OR cemiplimab OR avelumab OR
toripalimab OR tislelizumab OR ezabenlimab OR spartalizumab OR camrelizumab OR
ipilimumab OR ipi OR tremelimumab OR sintilimab OR dostarlimab OR adebrelimab OR

envafolimab OR penpulimab OR sugemalimab OR zimberelimab OR retifanlimab).

Initially, articles were screened by their abstracts, and those that did not meet the inclusion
criteria were excluded. The full texts of the remaining articles were then assessed for eligibility
and inclusion. Authors of manuscripts that could not be located were contacted to provide the
necessary data. The list of reference ICI dosages and country classifications by income was
based on FDA and EMA approvals, as shown in Table 1, and the 2023 World Bank Group
ranking, provided in Supplementary Table S2%2.



The inclusion criteria for the systematic review were: (a) post-commercialization individual
studies with original data (either clinical trials or observational studies), (b) administration of
intravenous lower anti-PD-(L)1 ICI doses than those approved by the FDA and/or EMA (see
Table 1 for reference), (c) reporting efficacy data assessed using the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1, immune-related response criteria (iRECIST)?,
and/or the Lugano Classification for Hodgkin and Non-Hodgkin lymphomas®*, (d) reporting
on clinical safety according to the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE) for immune-related adverse events, and (e) written in English.

The exclusion criteria were: (a) reviews, case reports, study protocols, qualitative studies,
conference proceedings (except those presented at ASCO and ESMO), letters, and
commentaries; (b) studies with weight-based dosing also considered as standard dosing for
other specific histologies as mentioned in Table 1; (c) publications reporting fewer than 5
patients; and (d) publications lacking both response and safety analyses, focusing solely on
biochemical or immunological response biomarkers, or pharmacokinetics. Studies based on
anti-CTLA-4 were excluded, as dose reduction in these cases is primarily aimed at reducing
toxicity rather than cost.

Data extraction

Data from the included studies were independently extracted by three researchers (P.J, F.M
and J.T). The extracted data were then cross-checked, and any discrepancies were resolved by
consensus under the supervision of senior researchers (A.P, K.J.H). The summary of selected
variables included: first author and year of publication, country, sample size, age (median *
standard deviation [SD], if available), sex (% female), percentage of patients in the palliative
setting, tumor type, ECOG performance status (PS <2 or >2), study type (observational or
clinical trial), clinical trial registration (NCT) if applicable, cancer treatment setting
(neoadjuvant, induction therapy before RT, primary treatment, adjuvant, or
recurrent/metastatic [R/M]), selected primary endpoints, immunotherapy dosing (mg/kg or flat
dose), interval between cycles, number of cycles administered (median, range), and the
rationale for the administered dosages.

Additionally, the number of cycles per year, potential wastage (estimated drug excess and
potential wastage relative to the nearest commercialized vial size) and assessments of potential

cost savings compared with full-dose prescriptions were assessed. Individuals of 65 Kg weight



were considered for cost estimations from weight-based prescription. Micromedex database
was used as a reference for drug list prices (Whole Acquisition Cost, WAC), while prices from
the United Kingdom (UK) on January, 9" 2025, as outlined in NICE guidelines, served as an
example of price in an HIC with public healthcare coverage with reimbursement-agreed cancer
drug sales (reference conversion: £1 GBP=$1.23 USD)3>¢, Therefore, costings for low-dose
anti-PD-(L)1 prescriptions were calculated in relation to the following inferred prices
excluding local value added taxes: nivolumab 240 mg Q2W (WAC/year $209,831.69; UK
price/year $84,951.44), pembrolizumab 200 mg Q3W (WAC/year $200,985.10; UK price/year
$112,445.12), atezolizumab 840 mg Q2W (WAC/year $140,111.30; UK price/year
$56,978.94) and durvalumab 1500mg Q3Wx4 followed by Q4W (WAC/year $182,959.56; UK
price/year $127,393.56).

Finally, overall response rate (ORR), survival outcomes such as progression-free survival
(PFS) and overall survival (OS); and immune-related adverse events (irAEs) were recorded.
Evidence was organized based on the therapeutic drugs used and the income category of the
countries involved. Lastly, risk of bias of the included studies was assessed using the ROBINS-
| tool for non-randomized studies®” and the RoB2 tool for randomized studies®.



RESULTS

A total of 1,839 records were identified through the systematic search, of which 32 studies met
the inclusion criteria (PRISMA diagram of selected databases and registers is shown in
Supplementary Figure S1)%>2840-6% These included 4 clinical trials (2 phase 111 and 2 phase I,
with 3 of them being controlled and randomized) and 28 observational studies, encompassing
data from 2,055 patients. Low-dose immunotherapy was delivered to 1,450 patients, while 605
patients receiving standard of care treatment in the comparator arm, based or not in standard-
dose anti-(PD)-L1 regime with or without other antineoplastic drugs added. Ten of these 25
studies were multi-arm comparing low-dose versus standard dose, highlighting two studies
using non-inferiority designs. Notably, 2024 was the greatest number of publications on low-

dose immunotherapy, contributing 17 studies (53%).

Median age of the whole sample was 53 years (range: 19-93), with female representation at
25%. Most patients were treated in the R/M setting (88%), and 10% had an ECOG performance
status of >2. The median number of patients treated with low-dose anti-PD-(L)1 among the 25
studies was 34 (6-133), with 20 studies having fewer than 50 patients treated with this

experimental dose.

The risk of bias in non-randomized studies was serious in 17 studies, while the rest was
moderate (k, studies=29). This assessment was driven mainly by the selection of participants
in 45% of the studies, followed by concerns in the classification of interventions and potential
cofounding. Two out of three controlled randomized clinical trials were scored as having a
moderate risk of bias, while the remaining one showed a serious risk of bias. Selection of
participants in the randomization process was also a potential cause of bias. Detailed results

are reported in Supplementary Table S3.

Twenty-nine studies focused on the R/M incurable setting, with 27 grouping patients across
various palliative treatment lines. Three studies evaluated low-dose anti-PD-(L)1 in the first-
line palliative setting®®#"8, Sixteen studies assessed low-dose ICls as monotherapy, while the
remaining were in combination with chemotherapy or other agents. Detailed information on

the included studies is available in Table 2 and Supplementary Table S4 and S5.

HNSCC was the most frequently studied tumor type (30.1%; n, number of patients 618),
followed by NSCLC (15.1%, n=311), hepatocellular carcinoma (HCC, 4.5%, n=93), RCC
(3.6%, n=73), and Hodgkin lymphoma (HL, 3.4%, n=70). Smaller studies included groups of



patients with multiple tumor types and those with other primary cancers (gynaecological,
melanoma, gastric and gastroesophageal junction, small cell lung cancer, colorectal, uterine

cervix and thymus).

Nivolumab was the most frequently investigated ICI (k=27), with doses ranging from 10 mg
to 140 mg and administration intervals from every 2 weeks (Q2W) to every 8 weeks (Q8W).
The 3 most common assessed regimens were nivolumab 40 mg Q2W (k=8), followed by
nivolumab 20 mg Q3W (k=6) and nivolumab 20 mg Q2W (k=5). Pembrolizumab was
evaluated in 7 studies with doses ranging from 50 mg to 300 mg, most commonly at 100 mg

Q3W (k=5). Atezolizumab was assessed in 2 studies as well as durvalumab.

Most studies were conducted in Asia, accounting for 79.9% of the systematic review population
(n=1,641), followed by Europe (15.6%, n=320) South America (3.5%, n=71), and North
America (1.1%, n=23). By income classification, 53.1% of studies (k=17) originated in LMICs,
37.5% (k=12) in HICs, and 9.4% (k=3) in upper-middle-income countries. India led with 17
studies involving 1,011 patients, as shown in Figure 1. No studies were conducted in low-
income countries. Distribution of studies per tumor type, type of country and selected dose is
represented in Figure 2.

The median projected percentage of savings compared to drug list prices and the UK agreed
prices was 91.7% overall (range 25-99.4%), with savings exceeding 80% in more than two-
thirds of the analyzed studies (78.1%). In contrast, potential drug wastage when preparing the
selected dosage with the available vials was estimated in 18 studies (56.3% as median) and
ranged from 35% to 92% of the nearest vial size, with the highest wastage observed when
prescribing atezolizumab 1 mg/kg (92% of the vial, k=1) followed by nivolumab 10 mg (75%,
k=3) and 20 mg (50%, k=11).

Among the 10 multi-arm superiority-designed studies comparing low-dose and standard
dosing, only two showed a statistically significant efficacy difference in HNSCC. Patil et al.
(2024) found improved OS and PFS with nivolumab 20 mg Q3W plus metronomic
chemotherapy versus chemotherapy alone?®. Similarly, Khadela et al. (2024) reported higher
ORR, PFS, and OS with nivolumab 20 mg Q3W plus metronomic chemotherapy compared to
carboplatin-paclitaxel, albeit against a different chemotherapy backbone, in an observational
study*®. No other studies reported similar statistically significant findings against the control

arm with or without standard ICI dose. However, 13 and 3 studies in solid and haematological



malignancies respectively showed radiological responses ranging from 5-100%, as seen in

Figure 3.

Only 2 studies had non-inferiority designs: one phase Il1 clinical trial that have had reported an
interim analysis®®, and one prospective study®. This clinical trial showed a 2.7% difference for

overall survival between arms, which is below the predefined non-inferiority threshold.

Grade >3 irAEs were reported in several studies, with the following incidence rates: hepatitis
(3.3-16%, k=3), immune thrombocytopenia (16.7%, k=1), uveitis and dermatitis (7.7%, k=1),
arthritis (3.3-5.2%, k=2), diabetes (3.5%, k=1), pneumonitis (3.3%, k=1), and colitis (1.7%,
k=1). Notably, 11 studies reported the absence of Grade >3 irAEs with low-dose ICIs, with 8

of these being single-arm studies.

Of note, one study included pharmacokinetic testing alongside treatment procedures, finding
no significant differences in half-life, volume of distribution, clearance, dose-normalized
maximum concentration, or area under the curve between patients receiving conventional or

low-dose nivolumab®®.
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DISCUSSION

To the best of our knowledge, this is the first systematic review to compile all post-
commercialization studies on low-dose anti-PD-(L)1 regimens for both solid tumors and

haematological malignancies, addressing the pressing issues of ICI costs and accessibility.

On the robustness of the evidence, some studies demonstrated that low-dose ICI is as effective
as full-dose, based on randomized trial designs. In particular, Motzer et al. (2015) showed
radiological objective responses with Nivolumab at doses of 0.3 mg/kg and 2 mg/kg as
monotherapy in a phase Il clinical trial treating patients with R/M RCC. Similarly, 16 of the
32 studies analysed report radiological responses in both solid and hematologic tumors where
low-dose anti-PD-(L)1 was used as monotherapy. Thus, while these doses undoubtedly have
antitumor effects, their efficacy in large phase Il clinical trials remains unknown. Critically,
we have no data comparing the efficacy of low-dose ICI, with the current approved and
marketed flat doses that have been initially established through pharmacokinetics modelling,
then broadly implemented in phase 111 clinical trials. In this context, the study published by
Patil et al. (2024) represents the first randomized phase 111 clinical trial showing that even with
low-dose nivolumab, outcomes like PFS and OS outcomes can be improved in a statistically
significant manner when administered in conjunction with palliative chemotherapy in patients
with R/M HNSCC?%.

The remaining superiority studies in this review comparing low versus standard dosages
provide additional and valuable proof-of-concept evidence for these new dosing strategies.
However, their internal and external validity is very limited due to quality concerns in their
designs, and they do not achieve statistically significant differences compared with
standardised dosing. Improved study design and planning are necessary to reduce the risk of
bias that we have identified and highlighted. Participant selection, even in observational
studies, needs improvement, as only 5 out of 32 studies tested patients within similar treatment
settings. Moreover, some interventions compromise the comparability of results, with different
antineoplastic drugs being added to low-dose anti-PD-(L)1 therapies without subsequent result
stratification. These factors considerably limit the interpretation of efficacy and safety

outcomes.

Overall, the current analysis underscores the need for non-inferiority or near-equivalence

clinical trials alongside cost-effectiveness assessments to address each treatment setting and
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line separately. Notably, the ongoing DEDICATION-1, REFINE-Lung, PULSE,
NIVOPTIMIZE or CLOUD studies stands out as unique efforts in this field, representing non-
inferiority phase Il and IV clinical trials currently assessing Pembrolizumab dosings as 100
mg Q3W, 200 mg Q6W, 300 mg Q6W, or 400 mg as Q9W, Q12W, Q15W and Q18W, and
Nivolumab as 40 mg Q3W and Q6W, 240 mg Q4W and 480 mg Q8W*®.,

These ongoing trials, along with most of the reviewed studies, justified their design on the
premise that high doses of anti-PD-(L)1 might not deliver significant pharmacokinetic and
pharmacodynamic advantages. Limited variations were observed in interleukin-2 production
by T cells, PD-1 receptor saturation, and target engagement with incremental doses in previous
studies?°. Furthermore, other investigators based their approach on the observed reduction in
drug clearance over time following initial anti-PD-(L)1 doses, which results in progressively

higher plasma levels™.

Nivolumab was the most frequently assessed anti-PD-(L)1, likely due to its smaller vial size,
lower cost and longer beyond-use date (40 mg, $1,349.38 list price, up to 7 days as limit under
refrigeration), contrasting with atezolizumab (840 mg, $8,061.64, up to 24 hours)°. Potential
drug wastage during preparation can be substantial, especially with low-dose formulations and
weight-based prescriptions, where vial wastage ranges from 35% to 92%. To minimize final
drug discard and use the full volume of the drug in the vial, oncology and pharmacy
departments require a high patient volume using the same or similar formulations frequently.
Also related to this issue, ICI beyond-use date, often limited in hours after opening a vial, might
also impact efficiency?. Unless managed actively, these factors can diminish the cost-saving

benefits of prescribing smaller drug quantities?.

The collected sample highlights HNSCC as one of the most frequent tumor types affecting
patients with cancer in India’®, which is also the country where most of the screened studies
about low-dose anti-PD-(L)1 were based. Furthermore, the data reflects a young population
with a mean age of 53 years, primarily in the R/M setting. This underscores an earlier onset
trend of cancer commonly observed in LMIC and upper middle-income countries (UMIC)™.
Approximately half of the studies originated from LMICs (53.1%), while 37.5% were
conducted in HICs, many of which lack fully reimbursed cancer care. This underscores the
alarming of so-called financial toxicity in oncology, and the significant interest and
commitment to improving access to immunotherapy worldwide, especially among cancer

professionals in LMICs and UMICs. A substantial disparity in global cancer care persists as
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seen in this field”, and as evidenced by the lack of reported studies from low-income countries.
All screened studies demonstrated notable estimated cost savings, potentially alleviating
financial toxicity for all stakeholders, including patients receiving regimens for which they are
self-funding in part or entirely. Notably, when compared to wholesale acquisition costs, the
findings illustrate the advantages of health systems with collectively negotiated reimbursement

prices’.

Regarding immune-related toxicity, there are evidence in the literature suggesting that toxicity
could be reduced at lower doses’’. However, apart from the studies that did not describe any
grade >3 adverse event, the 2 multi-arm studies that reported differences in terms of safety
profile between the two dose options did not reach statistical significance*>°. Altogether, the
safety conclusions from this group of low-dose ICI experiences are quite limited, restricting
further assumptions about whether low-dose anti-PD-(L)1 might be safer by reducing excessive
exposure to the drug.

This systematic review should be considered with due regard to certain limitations. Firstly, it
assembles a heterogeneous group of patients with diverse tumor types, treatment settings and
lines, and therapeutic approaches; with most of the studies being relatively small lacking in
appropriate control populations. This variety limits the feasibility of assessing the efficacy and
safety of treatment or of performing a meta-analysis. Secondly, the lack of non-inferiority
randomized clinical trials, and cost-effectiveness assessments further impacts this review,
restricting the strength of its conclusions. Lastly, some studies included were based on
conference submissions, which are not peer-reviewed and may not always provide complete

study details.

In conclusion, this review provides the first systematic assessment of reported studies
investigating low-dose anti-PD-(L)1 across diverse patient populations, encompassing various
tumor types and income-level healthcare settings. While the findings highlight the existence of
some antitumor effect from low-dose anti-PD-(L)1 use in both solid and haematological
malignancies, the study quality was significantly heterogeneous overall. Revisiting the anti-
PD-(L)1 dose and frequency could be key to expand immunotherapy access for a broader range
of cancer patients worldwide, reducing financial toxicity to the oncology community. There is

an urgent need to generate high-quality evidence to determine which low-dose anti-PD-(L)1
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regimens remain clinically effective and non-inferior or near-equivalent to standard dosing, as

well as their approach and inclusion by healthcare providers.

Table 1. Current immune checkpoint inhibitors and dose approved by FDA and/or EMA
agencies>>*° NR, Not reported; SCC, Squamous cell carcinoma; BCC, Basal cell carcinoma;
NSCLC, Non-small cell lung cancer, MMR, Mismatch Repair; RCC, Renal Cell Carcinoma;
cHL, classic Hodgkin Lymphoma; PMBCL, Primary mediastinal large B-cell lymphoma;
HNSCC, Head and Neck Squamous Cell Carcinoma; CRC, colorectal carcinoma; MCC,
Merckel cell cancer; SCLC, small-cell lung cancer; BTC, biliary tract cancer; MIS,

microsatellite instability; HCC, hepatocarcinoma

Table 2. Main characteristics of the included studies categorized according to income
levels. NCT, number of clinical trial; ICI, immune checkpoint inhibitor; WAC, wholesale
acquisition cost; UK, United Kingdom; SCLC, small cell lung cancer; R/M, recurrent or
metastatic; HNSCC, head and neck squamous cell carcinoma; ORR, overall response rate;
DCR, disease control rate; NR, Not reported; NE, Not estimable; PFS, progression-free
survival; RCT, randomized clinical trial; CT, chemotherapy; GEJ, gastroesophageal junction;
RCC, renal cell carcinoma; DOR, duration of response; OS, overall survival; HL, Hodgkin
Lymphoma; NSCLC, non-small cell lung carcinoma; RFS, relapse-free survival; iRAEs,

immune-related adverse events.
Figure 1. Distribution of low-dose anti-PD-(L)1-based studies around the world

Figure 2. Patients treated with low-dose anti-PD-(L)1-based treatments categorized by
tumor type and number of studies assessing each dose. HNSCC, head and neck squamous
cell carcinoma; NSCLC, non-small cell lung carcinoma; HCC, hepatocellular carcinoma; RCC,
renal cell carcinoma; HL, Hodgkin Lymphoma; Multiple, multiple tumors; GEJ, gastro
esophageal junction; Gyne, Gynecologic tumors; CCR, colorectal carcinoma; Q2W, every 2

weeks; Q3W, every 3 weeks; Q4W, every 4 weeks; Q6W, every 6 weeks; Q8W, every 8 weeks.

Figure 3. Waterfall plot of radiological evaluable patients receiving low-dose anti-PD-
(L)1 monotherapy showing overall (in blue) and complete (in orange) response rates per
study, and tumor type. NA, not applicable (adjuvant study); NR, not reported, HCC,
hepatocellular carcinoma; NSCLC, non-small cell lung carcinoma; HNSCC, head and neck
squamous cell carcinoma; MSI-H CCR, microsatellite-high colorectal carcinoma; RCC, renal
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cell carcinoma; HL, Hodgkin Lymphoma; Q2W, every 2 weeks; Q3W, every 3 weeks; Q4W,
every 4 weeks; Q6W, every 6 weeks; Q8W, every 8 weeks. Note: RECIST 1.1/iRECIST
criteria were used in solid tumors, while Lugano Response Criteria for hematological

malignancies.
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