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�
 ABSTRACT 

Purpose: The phase II, multiarm, signal-searching BALTIC study 
(NCT02937818) assessed novel treatment combinations for platinum- 
refractory/resistant extensive-stage small cell lung cancer (ES-SCLC). 

Patients and Methods: Patients with ES-SCLC with progres-
sive disease during or within 90 days of completing first-line 
platinum-based chemotherapy received one of three regimens: 
durvalumab plus tremelimumab followed by durvalumab mon-
otherapy (arm A), adavosertib plus carboplatin (arm B), or 
ceralasertib plus olaparib (arm C). The primary endpoint was the 
objective response rate. Prespecified exploratory biomarker ana-
lyses were conducted in arms A and C. 

Results: In arm A (n ¼ 41), arm B (n ¼ 10), and arm C (n ¼ 21), 
the confirmed objective response rates were 7.3%, 0%, and 4.8%, re-
spectively. Safety profiles in all arms were consistent with those of the 
individual drugs. In arm A, patients with PD-L1 expression (tumor 

cells or immune cells) ≥1% seemed to have a greater likelihood of 
achieving disease control with durvalumab plus tremelimumab than 
those with PD-L1 (tumor cells and immune cells) <1%, and lower 
baseline ctDNA and reduction in the on-treatment ctDNA level were 
both associated with longer overall survival. Among patients treated 
with ceralasertib plus olaparib in arm C, specific immune response- 
relevant circulating chemokines and cytokines were identified as early 
biomarkers of survival and pharmacodynamic biomarkers. 

Conclusions: In BALTIC, all combination regimens demon-
strated tolerable safety profiles, but antitumor activity was limited 
in refractory/resistant ES-SCLC. Among patients treated with 
durvalumab plus tremelimumab, an association of on-treatment 
reduction in ctDNA with longer overall survival suggests the 
potential use of ctDNA as a surrogate of treatment response, 
warranting further investigation. 

Introduction 
Platinum-based chemotherapy was the primary treatment mo-

dality for patients with extensive-stage small cell lung cancer (ES- 

SCLC) for many years, with improvements in overall survival (OS) 
only recently demonstrated by the addition of PD-L1 inhibitors to 
chemotherapy (1, 2). Nonetheless, most patients relapse within 
months of completing initial therapy, and platinum-refractory or 
-resistant ES-SCLC has a particularly poor prognosis (3), high-
lighting the need for novel treatment options to improve outcomes. 
The current standard-of-care second-line treatment outside Japan is 
typically topotecan, associated with an objective response rate 
(ORR) of 9.4% and median OS of 5.7 months in patients refractory 
to first-line therapy (4). 

The rationale for investigating immunotherapy in SCLC is based on 
its immunogenic nature (3). However, early successes in treating re-
lapsed ES-SCLC with inhibitors of programmed cell death 1 (PD1) have 
not yet been confirmed in phase III studies (5, 6). Durvalumab is a 
selective, high-affinity human IgG1κ mAb, which binds to PD-L1 and 
blocks the interaction of PD-L1 with PD1 and CD80 (7). First-line 
durvalumab in combination with platinum–etoposide (EP) is approved 
in patients with ES-SCLC in multiple countries worldwide based on the 
results of the phase III CASPIAN study (1). In pretreated ES-SCLC, 
durvalumab monotherapy exhibited promising clinical activity in a 
phase I/II study (8). 

Combination of PD1/PD-L1 inhibitors with cytotoxic T 
lymphocyte–associated antigen 4 (CTLA4) inhibitors is of interest be-
cause PD-L1 and CTLA4 regulate immune responses by different, 
nonredundant mechanisms (9). Tremelimumab, a selective human 
IgG2 monoclonal antibody targeting CTLA4 (10), in combination 
with durvalumab has demonstrated a manageable safety profile 
and encouraging antitumor activity phase I studies in tumor types 
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including ES-SCLC and non–small cell lung cancer (NSCLC; refs. 
11, 12). In the phase III POSEIDON study, durvalumab plus 
tremelimumab plus chemotherapy significantly improved OS and 
progression-free survival (PFS) versus chemotherapy alone in 
patients with metastatic NSCLC (13). However, outcomes of other 
phase III studies in metastatic NSCLC have been variable (14, 15). 
In CASPIAN, addition of tremelimumab to first-line durvalumab 
plus EP was not associated with a significant improvement in OS 
versus EP in patients with ES-SCLC (16). 

Inhibitors of the DNA damage repair pathway have potential as 
novel treatment options in patients with platinum-refractory/re-
sistant ES-SCLC given the high incidence of genetic aberrations 
with associated aggregation of DNA damage and genomic insta-
bility in SCLC. Adavosertib (AZD1775) is a small-molecule in-
hibitor of the DNA damage checkpoint kinase WEE1 that 
potentiates genotoxic chemotherapy (17, 18). Preclinical studies 
demonstrated that WEE1 inhibition abrogates G2 checkpoint 
control and selectively sensitizes TP53-deficient cells to the cyto-
toxic effects of DNA-damaging chemotherapy (17–19). In early- 
phase studies, adavosertib plus chemotherapy showed antitumor 
activity in advanced solid tumors (20) and in platinum-refractory 
p53-mutated ovarian cancer (21). Since SCLC tumors exhibit a 
high frequency of TP53 mutations (22), the combination of ada-
vosertib plus carboplatin is of particular interest. 

Ataxia telangiectasia and Rad3–related (ATR) kinase is a ser-
ine/threonine-specific apical kinase in one of the DNA damage– 
induced checkpoint pathways that is vital for cell response to 
replication stress (23). Ceralasertib (AZD6738), a potent, selective 
inhibitor of ATR (24), demonstrated growth inhibition as mono-
therapy against multiple cancer cell lines in vitro, with the strongest 
activity in cell lines with deficiencies in the ataxia telangiectasia 
mutated (ATM) signaling pathway (25–27). Olaparib (AZD2281) is 
an orally bioavailable inhibitor of PARP, which traps PARP onto 
DNA at sites of single-strand DNA breaks, preventing their repair 
and generating double-strand DNA breaks (DSB) during replication 
(28). During cell division, tumor cells (TC) with homologous 

recombination repair deficiencies are unable to accurately repair 
DSBs, leading to cell death. When PARP inhibition leads to the 
conversion of single-strand DNA breaks into DSBs during replica-
tion, this also causes replication stress, triggering activation and de-
pendence on ATR (29). The combined antitumor effect of ceralasertib 
plus olaparib may therefore be particularly pronounced in tumors 
that are aggressively dividing and have underlying DNA repair de-
fects, such as SCLC; preclinical studies have demonstrated the syn-
ergy of ceralasertib plus olaparib in ATM-deficient cancers in vitro 
and in vivo (30, 31). 

Currently, there is a lack of evidence supporting the validity of 
predictive biomarkers in SCLC. In NSCLC and other solid tumors, 
biomarkers predictive of response to immune checkpoint inhibitors 
have been evaluated, including PD-L1 and ctDNA dynamics (32, 
33). Molecular response based on ctDNA dynamics may be pre-
dictive of benefit from immunotherapy in NSCLC, complementing 
radiologic disease assessment and potentially enabling early clinical 
decision-making (34). In SCLC, several studies have reported an 
association between ctDNA levels at baseline or changes in ctDNA 
levels during treatment and patient outcomes (35), suggesting that 
ctDNA may be useful in this disease setting. 

Here, we report the results of the phase II BALTIC study, 
which assessed the combinations of durvalumab plus trem-
elimumab (arm A), adavosertib plus carboplatin (arm B), or 
ceralasertib plus olaparib (arm C) in patients with ES-SCLC 
refractory or resistant to first-line platinum-based chemother-
apy. We also present the results of exploratory biomarker ana-
lyses: In arm A, we report the association of PD-L1 expression, 
baseline ctDNA level, and ctDNA dynamics with treatment 
outcomes, and in arm C, we report specific immune response– 
relevant circulating chemokines and cytokines as early bio-
markers of survival and longitudinal pharmacodynamic bio-
markers. A plain-language summary of this article can be found 
in the Supplementary Material. 

Patients and Methods 
Study design 

This phase II, open-label, multidrug, multicenter, multiarm 
study (NCT02937818) was conducted at 12 sites in Germany, 
Hungary, Poland, Spain, and Ukraine. Patients were enrolled in 
three independent experimental arms: arm A (durvalumab plus 
tremelimumab followed by durvalumab monotherapy), arm B 
(adavosertib plus carboplatin), and arm C (ceralasertib plus ola-
parib). There was no randomization in the study; patients who 
satisfied all the inclusion and exclusion criteria to participate in a 
particular treatment arm were enrolled in the arm for which they 
were most suitable. Enrollment into each arm of the study was 
sequential and followed a staged design. Initially, a minimum of 
10 patients were enrolled in each arm in stage 1; after a minimum 
of 12 weeks, an interim ORR analysis was performed to determine 
whether recruitment should expand to stage 2 (enrollment of an 
additional 10 patients per treatment arm for a total of ∼20 eligible 
patients) or stop. If the results of the primary ORR analysis from 
the completed second stage were encouraging, the Sponsor Review 
Committee could permit enrollment of ∼20 additional eligible 
patients (for a total of ∼40 eligible patients per treatment arm) in 
an expansion cohort to further explore the findings. 

All patients provided written informed consent for participation. 
The study was performed in accordance with the International 
Conference on Harmonisation Good Clinical Practice guidelines, 

Translational Relevance 
Refractory/resistant extensive-stage small cell lung cancer (ES- 

SCLC) is a difficult-to-treat disease with poor prognosis (median 
overall survival around 6 months) and an unmet need to im-
prove outcomes. The phase II BALTIC study assessed three 
novel combination regimens involving agents targeting immune 
checkpoints (durvalumab plus tremelimumab) or components of 
the DNA damage repair pathway (adavosertib plus carboplatin 
and ceralasertib plus olaparib) in ES-SCLC. All three combina-
tions demonstrated tolerable safety profiles consistent with those 
of the individual drugs. However, antitumor activity was limited. 
Notably, exploratory analyses in patients treated with durvalu-
mab plus tremelimumab revealed that reduction in the ctDNA 
level on treatment was associated with longer overall survival, 
supporting existing evidence that early changes in ctDNA may 
predict response to immune checkpoint inhibitors across dif-
ferent tumor types. Circulating biomarker analyses identified 
specific immune response-relevant chemokines and cytokines as 
early biomarkers of survival and pharmacodynamic biomarkers 
in patients treated with ceralasertib plus olaparib. 
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the Declaration of Helsinki, and applicable local regulatory re-
quirements. The study protocol and all modifications were approved 
by relevant ethics committees or institutional review boards. 

Eligibility criteria 
All three study arms enrolled male or female patients aged ≥18 years 

at the time of screening, with histologically or cytologically documented 
American Joint Committee on Cancer stage IV ES-SCLC (T any, N 
any, and M1 a/b) at initial diagnosis. Patients must have demonstrated 
progressive disease (PD) during or within 90 days of completing 
platinum-based chemotherapy and not received further treatment. 
Patients were also required to have a life expectancy of at least 8 weeks, 
the World Health Organization (WHO) performance status (PS) of 0 to 
1 (or, in arm A only, PS 0–2 after the first 10 patients were enrolled), 
and adequate organ and marrow function. At least one lesion that 
could be accurately measured at baseline and had not been irradiated 
previously was also required. Brain metastases were required to be 
asymptomatic or treated and stable off steroids and anticonvulsants for 
at least 1 month prior to study treatment; patients with suspected brain 
metastases at screening were required to have a scan of the brain using 
computed tomography or magnetic resonance imaging (preferred) 
prior to study entry. 

Patients enrolled in arm A were required to have a body weight 
>30 kg and no prior exposure to immune-mediated therapy (includ-
ing, but not limited to, other anti-CTLA4, anti-PD1, anti-PD-L1, and 
anti-PD-L2 antibodies; excluding therapeutic anticancer vaccines), and 
provision of a fresh or archival tumor biopsy was mandatory. Patients 
in arms B and C were required to be able to swallow oral medication. 
Full eligibility criteria for each treatment arm can be found in the 
Supplementary Material. 

Procedures 
In arm A, patients received durvalumab 1,500 mg plus trem-

elimumab 75 mg via i.v. infusion every 4 weeks, for up to four 
doses/cycles, followed by durvalumab 1,500 mg as monotherapy 
via i.v. infusion every 4 weeks. In arm B, patients received oral 
adavosertib 225 mg twice daily for 2.5 days from Day 1 plus i.v. 
carboplatin AUC5 on Day 1 of each 21-day cycle. In arm C, pa-
tients received oral ceralasertib 160 mg once daily, administered 
on days 1 to 7, plus oral olaparib 300 mg twice daily on days 1 to 
28 of each 28-day cycle. In all arms, treatment continued until 
confirmed PD and determination by the investigator that the 
patient was no longer receiving clinical benefit from treatment, 
until unacceptable toxicity, or until other discontinuation criteria 
were met. 

Outcomes 
The primary endpoint was ORR, defined as the percentage of pa-

tients with a confirmed objective response of complete response (CR) 
or partial response (PR), assessed by the investigator using RECIST 
v1.1. Secondary endpoints were duration of response (DoR), disease 
control rate (DCR), time to response (TTR), PFS, and OS. The safety 
objective was to determine the safety and tolerability profile of each 
treatment arm in terms of adverse events (AE), deaths, laboratory 
data, vital signs, electrocardiograms, and exposure. Exploratory ob-
jectives included the investigation of potential biomarkers associated 
with disease progression or biomarkers that may prospectively iden-
tify those patients who are likely to respond to novel combination 
treatments. 

Assessments 
Tumor assessment was performed by investigators according to 

RECIST v1.1 using CT or MRI scans. Assessments were carried 
out at baseline (days �28 to �1), Week 8, and Week 12; then every 
8 weeks ±1 week in arms A and C and at baseline; and then every 
6 weeks ±1 week in arm B, until PD (or end of clinical benefit for 
patients treated beyond progression) or discontinuation from the 
study. Survival assessments were conducted monthly for the first 
3 months following treatment discontinuation and then every 
2 months thereafter. 

Measurement of PD-L1 and ctDNA (arm A) 
Where sufficient tissue was available, tumor specimens were 

assessed for PD-L1 expression on TCs and immune cells (IC) 
using the VENTANA PD-L1 (SP263) Assay (Roche Diagnostics). 
Based on findings from the phase III CASPIAN study (36), PD-L1 
analyses used a cutoff of 1% of TCs or ICs expressing PD-L1 
at any intensity. Mandatory blood samples were collected in 
Streck DNA blood collection tubes at Week 0 and Week 8 for 
analysis of ctDNA in arm A. ctDNA was characterized using the 
GuardantOMNI panel (Guardant Health Inc.). Levels of ctDNA 
were determined by the maximum variant allele frequency 
(MaxVAF), defined as the alteration with the highest variant al-
lele frequency (VAF) in a given sample. As the VAF is the 
number of mutant molecules over the total number of molecules 
at a specific location in the genome, MaxVAF is often used as a 
surrogate for tumor fraction in ctDNA. The change in MaxVAF 
while on treatment was used to assess the impact of therapy, 
known as the molecular response. 

Measurement of circulating chemokines and cytokines (arm C) 
In arm C, the measurement of 183 cytokines and chemokines in 

plasma was conducted to determine the potential biomarkers of 
survival and pharmacodynamic biomarkers. Plasma samples for the 
biomarker analyses were collected at four different time points 
[predose, cycle (C) 1 Day (D) 7, C1D15, and C2D1] and analyzed 
with the Olink proximity extension assay technology platform using 
panel IO and cardiovascular disease III panels (183 analytes), in-
cluding immune response, immuno-oncology disease-relevant, 
cardiovascular, and inflammatory markers. 

Statistical analysis 
All patients who received treatment were included in the full 

analysis set, used for efficacy and safety assessments. The biomarker 
evaluable populations (BEP) for PD-L1 and ctDNA analyses 
(in arm A) and circulating biomarkers (in arm C) included all pa-
tients with an evaluable sample. All statistical analyses were de-
scriptive and performed using SAS version 9.3. ORR was estimated 
for each treatment arm with corresponding two-sided exact 95% 
confidence intervals (CI). The analysis was based on the program-
matically derived ORR according to investigator assessments and 
using all scans, regardless of whether they were scheduled or not. 
The median time-to-event endpoints, including DoR, PFS, and OS, 
were estimated by the Kaplan–Meier method with 95% CIs. In arm 
C, a linear mixed model was used to analyze longitudinal phar-
macodynamic changes. 

Data availability 
Data underlying the findings described in this article may be 

obtained in accordance with AstraZeneca’s data sharing policy 
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described at https://astrazenecagrouptrials.pharmacm.com/ST/ 
Submission/Disclosure. Data for studies directly listed on Vivli can 
be requested through Vivli at: www.vivli.org. Data for studies not listed 
on Vivli could be requested through Vivli at: https://vivli.org/members/ 
enquiries-about-studies-not-listed-on-the-vivli-platform/. The AstraZeneca 
Vivli member page is also available, outlining further details: https:// 
vivli.org/ourmember/astrazeneca/. 

Results 
Patients 

In arm A, 49 patients were enrolled, and 41 received treatment 
with durvalumab plus tremelimumab. In arm B, 13 patients were 
enrolled, and 10 received adavosertib plus carboplatin. In arm C, 
26 patients were enrolled, and 21 received ceralasertib plus olaparib. 

Baseline patient demographics and disease characteristics are shown 
in Table 1. The median age was 63.0 years in arm A, 63.5 years in 
arm B, and 61.0 years in arm C; 75.6%, 80.0%, and 66.7% of patients 
in arms A, B, and C, respectively, were male, and 75.6%, 90.0%, and 
66.7%, respectively, had WHO PS 1. Most patients were current 
or former smokers (95.1% in arm A, 100% in arm B, and 95.2% in 
arm C). Representativeness of study participants is described in 
Supplementary Table S1. 

Treatment exposure 
Full details of treatment exposure and patient disposition are 

provided in Supplementary Table S2. In arm A, the median total 
exposure duration was 84 days, and the median number of 
treatment cycles received was 2.0 with both durvalumab and 
tremelimumab. At data cutoff (DCO), 7.3% of patients were ongoing 

Table 1. Baseline patient demographics and disease characteristics—full analysis set. 

Arm A 
durvalumab 
+ tremelimumab (n = 41) 

Arm B 
adavosertib 
+ carboplatin (n = 10) 

Arm C 
ceralasertib 
+ olaparib (n = 21) 

Median age, years (range) 63.0 (40–76) 63.5 (48–78) 61.0 (34–76) 
Age group, years 

<65 27 (65.9) 6 (60.0) 14 (66.7) 
≥65 14 (34.1) 4 (40.0) 7 (33.3) 

Sex, n (%) 
Male 31 (75.6) 8 (80.0) 14 (66.7) 
Female 10 (24.4) 2 (20.0) 7 (33.3) 

Race, n (%) 
White 21 (100.0) 10 (100.0) 21 (100.0) 

WHO PS, n (%) 
0 10 (24.4) 1 (10.0) 7 (33.3) 
1 31 (75.6) 9 (90.0) 14 (66.7) 

Smoking history, n (%) 
Never smoker 2 (4.9) 0 1 (4.8) 
Former smoker 18 (43.9) 4 (40.0) 7 (33.3) 
Current smoker 21 (51.2) 6 (60.0) 13 (61.9) 

SCLC subtype, n (%) 
Neuroendocrine 4 (9.8) 2 (20.0) 3 (14.3) 
Oat cell 1 (2.4) 2 (20.0) 0 
Other SCLC 36 (87.8) 6 (60.0) 18 (85.7) 

Disease stage, n (%) 
II 0 0 1 (4.8) 
III 5 (12.2) 0 0 
IV 36 (87.8) 10 (100.0) 20 (95.2) 

Brain or CNS metastases, n (%) 4 (9.8) 2 (20.0) 2 (9.5) 
Liver metastases, n (%) 18 (43.9) 3 (30.0) 6 (28.6) 
Previous treatment modalities, n (%)a 

Immunotherapy 0 0 1 (4.8) 
Cytotoxic chemotherapy 41 (100.0) 9 (90.0) 21 (100.0) 
Radiotherapy 10 (24.4) 4 (40.0) 6 (28.6) 
Other 0 2 (20.0) 0 

Best response to previous therapy 
CR 1 (2.4) 0 1 (4.8) 
PR 9 (22.0) 3 (30.0) 4 (19.0) 
SD 11 (26.8) 0 7 (33.3) 
PD 20 (48.8) 7 (70.0) 8 (38.1) 
NE 0 0 1 (4.8) 

Median time from the last dose of previous therapy to the first dose of 
study treatment, months (range) 

1.61 (0.6–39.8) 2.15 (1.3–4.1) 2.17 (1.1–4.0) 

Abbreviations: CNS, central nervous system; NE, not evaluable; SD, stable disease. 
aPatients could have received more than one previous treatment modality. 
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durvalumab treatment and 92.7% had discontinued; 39.0% of patients 
had completed tremelimumab treatment, and 61.0% had discontinued. 
In arm B, the median total exposure duration was 69 days with ada-
vosertib and 70 days with carboplatin; the median number of treatment 
cycles received was 2.5 for both adavosertib and carboplatin. At DCO, 
all 10 patients had discontinued treatment with both adavosertib and 
carboplatin. In arm C, the median total exposure duration was 84 days, 
and the median number of treatment cycles received was 3.0 for both 
ceralasertib and olaparib. At DCO, 1 patient (4.8%) was ongoing 
treatment, and 95.2% had discontinued treatment with both ceralasertib 
and olaparib. 

Efficacy 
The best response to treatment for all study arms is shown in 

Table 2. In arm A, the confirmed ORR with durvalumab plus 
tremelimumab was 7.3% (95% CI, 1.54–19.92); no patients achieved 
a CR, and three patients achieved a PR (Fig. 1A; Supplementary Fig. 
S1A). The median DoR among the three patients with confirmed 
responses was 3.0 months, and the median TTR was 1.8 months. 
The DCR at 12 weeks was 26.8%. One additional patient achieved a 
PR after initially having PD; taking this patient into account, the 
ORR was 9.8%. The median PFS with durvalumab plus trem-
elimumab was 1.84 months (95% CI, 1.77–1.91; Supplementary Fig. 
S2A); the PFS rate was 8.9% at 6 months and 5.9% at 12 months. 
The median OS was 5.36 months (95% CI, 2.89–7.23; Supplemen-
tary Fig. S2B); the OS rate was 41.5% at 6 months and 26.8% at 12 
months. 

In arm B, the ORR with adavosertib plus carboplatin was 0%; no 
patients achieved a CR or PR (Fig. 1B; Supplementary Fig. S1B). DCR 
at 12 weeks was 30.0%. The median PFS was 2.60 months (95% CI, 
0.56–4.83; Supplementary Fig. S2C); the PFS rate was 11.1% at 6 
months. The median OS was 4.67 months (95% CI, 0.56–5.98) (Sup-
plementary Fig. S2D); the OS rate was 20.0% at 6 months and 10.0% at 
12 months. 

In arm C, the confirmed ORR with ceralasertib plus olaparib was 
4.8% (95% CI, 0.12–23.82), with one patient achieving a PR 
(Fig. 1C; Supplementary Fig. S1C). The duration of PR for this 
patient was 8.5 months, and the TTR was 1.7 months. The DCR at 
12 weeks was 38.1%. The median PFS was 2.92 months (95% CI, 
1.81–4.53; Supplementary Fig. S2E); the PFS rate was 15.8% at 
6 months and 0% at 12 months. The median OS was 7.56 months 
(95% CI, 4.21–12.58; Supplementary Fig. S2F); the OS rate was 
58.2% at 6 months and 31.8% at 12 months. 

Safety 
In arm A, treatment-related AEs (TRAE) of any grade occurred 

in 19 patients (46.3%) and were grade ≥3 in 8 patients (19.5%; 
Table 3). The most common TRAEs with durvalumab plus 
tremelimumab were hyperthyroidism (n ¼ 4), diarrhea, fatigue, and 
hypothyroidism (each n ¼ 3). Eight patients (19.5%) experienced 
10 treatment-related serious AEs [SAE; diarrhea (n ¼ 2), and gas-
troenteritis, pneumonia, myasthenic syndrome, peripheral sensory 
neuropathy, colitis, hemorrhagic enterocolitis, pancreatitis, and he-
patic enzyme increased (n ¼ 1 each)]. Five patients (12.2%) dis-
continued durvalumab and tremelimumab treatment because of 
TRAEs [pneumonia, diarrhea, hemorrhagic enterocolitis, pancreatitis, 
and hepatic enzyme increased (each n ¼ 1); the treatment-related 
hemorrhagic enterocolitis resulted in death]. 

In arm B, any-grade TRAEs occurred in eight patients (80.0%) 
and were grade ≥3 in six patients (60.0%). The most common 
TRAEs with adavosertib plus carboplatin (Table 3) were diarrhea, 
nausea, and thrombocytopenia (each n ¼ 6). Three patients (30.0%) 
experienced treatment-related SAEs (diarrhea, hematotoxicity, and 
pancytopenia in one patient each). There was one treatment-related 
death (pancytopenia), and no other patients discontinued treatment 
because of a TRAE. 

In arm C, any-grade TRAEs occurred in 16 patients (76.2%) and 
were grade ≥3 in 6 patients (28.6%). The most common TRAEs with 
ceralasertib plus olaparib (Table 3) were anemia (n ¼ 12), nausea 
(n ¼ 3), and thrombocytopenia and decreased platelet count (each 
n ¼ 2). Four patients (19.0%) experienced treatment-related SAEs 
(anemia and thrombocytopenia in one patient, and anemia alone in 
three patients). There were no TRAEs leading to treatment dis-
continuation or death in arm C. 

Arm A (durvalumab plus tremelimumab) PD-L1 biomarker 
analyses 

The PD-L1 BEP included 21 patients, comprising 51% of the 
full analysis set. The prevalence of PD-L1 expression on ≥1% of 
TCs was 4.8% (1/21 patients) and of PD-L1 expression on ≥1% of 
ICs was 57.1% (12/21 patients). For our analyses, patients were 
divided into two subgroups by PD-L1 expression level: (i) PD-L1 
TC ≥1% or PD-L1 IC ≥1% and (ii) PD-L1 TC and IC <1%. The 
best percentage change in tumor size by PD-L1 status is shown in 
Fig. 2A; 3 (25%) of 12 patients with PD-L1 TC or IC expression 
≥1% had a best response of PR or stable disease (SD), compared 
with 1 (11%) of the remaining 9 patients who had PD-L1 

Table 2. Summary of tumor response—full analysis set. 

Arm A 
durvalumab + tremelimumab 
(n = 41) 

Arm B 
adavosertib + carboplatin 
(n = 10) 

Arm C 
ceralasertib + olaparib 
(n = 21) 

Confirmed objective response, n (%)a 3 (7.3) 0 1 (4.8) 
Best objective response, n (%) 

CRa 0 0 0 
PRa 3 (7.3) 0 1 (4.8) 
SD 9 (22.0) 6 (60.0) 10 (47.6) 

Unconfirmed CR or PRb 1 (2.4) 0 1 (4.8) 
PD 28 (68.3) 3 (30.0) 7 (33.3) 
NE 0 1 (10.0) 2 (9.5) 

aConfirmatory scan required at least 4 weeks after the initial response. 
bPR or CR achieved but either no confirmation assessment performed or a confirmation assessment performed but response not confirmed. 
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Figure 1. 
Best percentage change from baseline in selected target lesion size per investigator assessment—full analysis set. A, Arm A, durvalumab + tremelimumab. B, Arm B, 
adavosertib + carboplatin. C, Arm C, ceralasertib + olaparib. In arms A, B, and C, respectively, 10, 3, and 4 patients had no measurements of target lesion size after 
baseline and were excluded from the plots. Best change in target lesion size is the maximum reduction from baseline or minimum increase from baseline in the absence 
of a reduction. Response includes confirmed CR or PR. Dotted reference lines at �30% and 20% indicate thresholds for PR and PD, respectively. 
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expression on <1% of both TCs and ICs. Among 20 patients who 
were not evaluable (NE) for PD-L1 status, 9 (45.0%) had a best 
response of PR or SD. The median OS in patients with PD-L1 

expression (TC or IC) ≥1% compared with PD-L1 expression 
(TC and IC) <1% was 3.4 vs. 3.2 months (HR, 0.77; 95% CI, 0.29– 
2.07; Fig. 2B). 

Table 3. Summary of safety profile, and all TRAEs—full analysis set. 

Arm A 
durvalumab + tremelimumab 
(n = 41) 

Arm B 
adavosertib + carboplatin 
(n = 10) 

Arm C 
ceralasertib + olaparib 
(n = 21) 

Any AE (all causality), n (%) 33 (80.5) 8 (80.0) 18 (85.7) 
Any TRAEa, n (%) 19 (46.3) 8 (80.0) 16 (76.2) 

Grade ≥3 TRAEs 8 (19.5) 6 (60.0) 6 (28.6) 
TRAEs leading to death 1 (2.4) 1 (10.0) 0 
Serious TRAEs 8 (19.5) 3 (30.0) 4 (19.0) 
TRAEs leading to discontinuation of study 
treatmentb 

6 (14.6) 1 (10.0) 1 (4.8) 

TRAEs, n (%) Any grade Grade ≥3 Any grade Grade ≥3 Any grade Grade ≥3 

Alanine aminotransferase increased 0 0 0 0 1 (4.8) 0 
Anemia 0 0 3 (30.0) 1 (10.0) 12 (57.1) 5 (23.8) 
Asthenia 0 0 3 (30.0) 0 1 (4.8) 0 
Axillary vein thrombosis 1 (2.4) 0 0 0 0 0 
Colitis 1 (2.4) 1 (2.4) 0 0 0 0 
Constipation 1 (2.4) 0 0 0 0 0 
Creatinine renal clearance decreased 0 0 0 0 1 (4.8) 0 
Decreased appetite 0 0 1 (10.0) 0 1 (4.8) 0 
Diarrhea 3 (7.3) 3 (7.3) 6 (60.0) 1 (10.0) 1 (4.8) 0 
Enterocolitis, hemorrhagic 1 (2.4) 1 (2.4) 0 0 0 0 
Fatigue 3 (7.3) 0 3 (30.0) 0 1 (4.8) 0 
Gastroenteritis 1 (2.4) 1 (2.4) 0 0 0 0 
Hematotoxicity 0 0 1 (10.0) 1 (10.0) 0 0 
Hepatic enzyme increased 1 (2.4) 1 (2.4) 0 0 0 0 
Hyperbilirubinemia 0 0 1 (10.0) 0 0 0 
Hyperchloremia 0 0 1 (10.0) 0 0 0 
Hyperglycemia 1 (2.4) 0 1 (10.0) 0 0 0 
Hypersensitivity 0 0 0 0 1 (4.8) 0 
Hyperthyroidism 4 (9.8) 0 0 0 0 0 
Hypomagnesemia 0 0 1 (10.0) 0 0 0 
Hypothyroidism 3 (7.3) 0 0 0 0 0 
Leukopenia 0 0 1 (10.0) 1 (10.0) 0 0 
Muscular weakness 0 0 1 (10.0) 0 0 0 
Myasthenic syndrome 2 (4.9) 2 (4.9) 0 0 0 0 
Nausea 0 0 6 (60.0) 0 3 (14.3) 0 
Nephritis 0 0 1 (10.0) 0 0 0 
Neutropenia 0 0 3 (30.0) 3 (30.0) 0 0 
Neutrophil count decreased 0 0 0 0 1 (4.8) 0 
Pancreatitis 1 (2.4) 0 0 0 0 0 
Pancytopenia 0 0 1 (10.0) 1 (10.0) 0 0 
Peripheral motor neuropathy 1 (2.4) 0 0 0 0 0 
Peripheral sensory neuropathy 1 (2.4) 1 (2.4) 1 (10.0) 0 0 0 
Platelet count decreased 0 0 0 0 2 (9.5) 1 (4.8) 
Pleural effusion 1 (2.4) 0 0 0 0 0 
Pneumonia 1 (2.4) 1 (2.4) 0 0 0 0 
Pruritus 1 (2.4) 0 0 0 0 0 
Psoriatic arthropathy 1 (2.4) 0 0 0 0 0 
Pyrexia 1 (2.4) 0 0 0 0 0 
Rash 2 (4.9) 0 0 0 0 0 
Somnolence 0 0 1 (10.0) 0 0 0 
Thrombocytopenia 0 0 6 (60.0) 2 (20.0) 2 (9.5) 2 (9.5) 
Type 2 diabetes mellitus 1 (2.4) 0 0 0 0 0 
Vomiting 0 0 3 (30.0) 0 1 (4.8) 0 

aAny AE assessed by the investigator to be related to either drug in the combination. 
bAny AE that resulted in discontinuation of either durvalumab or tremelimumab (arm A), adavosertib or carboplatin (arm B), or ceralasertib or olaparib (arm C). 
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Arm A (durvalumab plus tremelimumab) ctDNA biomarker 
analyses 

The ctDNA BEP comprised 26 patients (63.4% of the full analysis set) 
with a baseline sample; 10 (24.4%) patients had both a baseline sample 
and an on-treatment sample taken before the start of cycle 3. The 
baseline ctDNA level was classified by tertiles as low (MaxVAF ≤21.62%; 
n ¼ 9), medium (MaxVAF >21.62% to <54.86%; n ¼ 8), or high 
(MaxVAF ≥54.86%; n ¼ 9). The best percentage change in tumor size 
by baseline ctDNA level is shown in Fig. 2C. A best response of PR or 
SD was achieved by four (44.4%) of nine patients with low baseline 
ctDNA levels, two (25.0%) of eight patients with medium baseline 

ctDNA levels, and one (11.1%) of nine patients with high baseline 
ctDNA levels. Among 15 patients who were NE for baseline ctDNA, 6 
(40.0%) had a best response of PR or SD. Patients with low baseline 
ctDNA levels had numerically longer median OS than those with me-
dium or high baseline ctDNA levels (Fig. 2D). 

The impact of ctDNA dynamics on patient outcomes was in-
vestigated by the change in baseline MaxVAF on treatment 
(ΔMaxVAF), which was calculated by subtracting the baseline 
MaxVAF from MaxVAF at cycle 3. Patients were grouped according 
to whether MaxVAF decreased (ΔMaxVAF < 0) or increased 
(ΔMaxVAF > 0) on treatment. A best response of PR or SD was 
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Figure 2. 
Response and OS by PD-L1 expression status, baseline ctDNA level, and by change in ctDNA levels (ΔMaxVAF) from baseline to on treatment—arm A PD-L1 BEP 
and ctDNA BEP. A, Best percentage change in tumor size from baseline in patients evaluable for response (n ¼ 32)* by PD-L1 expression status. B, Kaplan–Meier 
curves for OS by PD-L1 expression status. C, Best percentage change in tumor size from baseline in patients evaluable for response (n ¼ 32)* by baseline ctDNA 
level. D, Kaplan–Meier curves for OS, by tertiles of baseline ctDNA level [low (MaxVAF ≤ 21.62%; n ¼ 9)], medium (MaxVAF > 21.62% to <54.86%; n ¼ 8), or high 
(MaxVAF ≥ 54.86%; n ¼ 9). E, Best percentage change in tumor size from baseline in patients evaluable for response (n ¼ 32)* by change in the ctDNA level 
from baseline to on treatment [MaxVAF decrease (ΔMaxVAF < 0) or increase (ΔMaxVAF > 0)]. F, Kaplan–Meier curves for OS, by change in the ctDNA level from 
baseline to on treatment [decrease (negative ΔMaxVAF) or increase (positive ΔMaxVAF)]. *Nine patients did not have postbaseline tumor size measurements, 
so are not included in the figure; in A, C, and E, dashed reference lines at �30% and 20% indicate thresholds for PR and PD. 
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achieved by four (66.7%) of six patients who showed a decrease 
from baseline in on-treatment ctDNA level (negative ΔMaxVAF), 
and two (50.0%) of four patients with an increase (positive 
ΔMaxVAF; Fig. 2E). Among 31 patients who were NE for on- 
treatment ctDNA analysis, 7 (22.6%) had a best response of PR or 
SD. Patients with a decrease in ctDNA level from baseline to on 
treatment (negative ΔMaxVAF) had a longer OS than those with an 
increase (positive ΔMaxVAF), although this difference was not 
statistically significant (HR, 0.30; 95% CI, 0.06–1.38; Fig. 2F). 

Arm C (ceralasertib plus olaparib) circulating baseline and 
pharmacodynamic biomarker analyses 

The circulating biomarkers BEP comprised 21 patients (100% of 
the complete analysis set) with a baseline sample; 74 plasma samples 
were collected at various time points (76% of patients had both 
baseline and on-treatment samples). 

Baseline circulating plasma cytokine and chemokine levels were 
evaluated in patients receiving ceralasertib plus olaparib to identify 
biomarkers of survival. Patients were dichotomized into low and 
high groups based on median OS. Higher baseline plasma concen-
trations of PD-L1, C–X–C motif chemokine ligand 5 (CXCL5) and 
CXCL11, IL10, TNF receptor superfamily member 14, bleomycin 
hydrolase, plasminogen activator inhibitor 1, C–C motif chemokine 
ligand 23, VEGFA, hepatocyte growth factor, von Willebrand factor, 
mucin 16, fatty acid–binding protein 4, and IL15 were associated 
with shorter OS (Fig. 3A). Furthermore, patients with high levels of 
plasma PD-L1 (Fig. 3B) and CXCL5 (Fig. 3C) displayed a shorter 
OS than those with lower levels. 

Pharmacodynamic assessments of olaparib, ceralasertib, or a 
combination, based on blood samples collected at C1D1 (predose), 
C1D7, C1D15, and C2D1, showed that sustained increases in 
growth/differentiation factor 15 (GDF15) were associated with 
olaparib treatment and increased during the treatment cycle 
(Fig. 3D). Furthermore, ceralasertib-related effects were identified 
in the circulation, such as a decrease in transferrin receptor protein 
1 (TR, also known as CD71, which is abnormally expressed in 
various cancers) and an increase in monocyte chemoattractant 
protein 1 (MCP1; Fig. 3E and F). After 3 weeks off ceralasertib, both 
TR and MCP1 levels recovered toward baseline. Similar ceralasertib- 
driven bounce-back effects were observed in glycoprotein VI 
platelet, angiopoietin 1, IL7, EGF, platelet-derived growth factor, 
and latency-associated peptide transforming growth factor β1 
(Supplementary Fig. S3). 

Discussion 
The phase II BALTIC trial enrolled patients with ES-SCLC who 

had refractory or resistant disease following first-line platinum- 
based chemotherapy, who received treatment with one of three 
novel combination regimens: durvalumab plus tremelimumab fol-
lowed by durvalumab monotherapy (arm A), adavosertib plus car-
boplatin (arm B), or ceralasertib plus olaparib (arm C). All arms 
demonstrated a tolerable safety profile, with no new safety signals. 
Overall, 71 patients were treated across the three regimens, with 
relatively low numbers recruited in arms B (n ¼ 10) and C (n ¼ 21). 
These small numbers mean that efficacy estimates in BALTIC are 
associated with wide CIs, which should be considered when com-
paring point estimates to those reported in larger studies. 

In all arms, response rates were low and did not meet prespecified 
criteria to warrant development in a randomized setting in patients 
with refractory/resistant ES-SCLC. Current second-line treatment in 

ES-SCLC is typically topotecan, which exhibited an ORR of 9.4%, 
median PFS of 2.6 months (95% CI, 1.8–3.3), and median OS of 
5.7 months (95% CI, 4.1–7.0) in a subgroup of patients refractory to 
first-line therapy (4). Efficacy results from BALTIC were broadly 
consistent with these data. With durvalumab plus tremelimumab, 
ORR, median PFS, and median OS were 7.3%, 1.84, and 5.36 months, 
respectively. With adavosertib plus carboplatin, no objective re-
sponses were observed, the median PFS was 2.60 months, and the 
median OS was 4.67 months. With ceralasertib plus olaparib, ORR 
was low (4.8%), with a median PFS of 2.92 months and a median OS 
of 7.56 months. 

The addition of the CTLA4 inhibitor tremelimumab to the PD-L1 
inhibitor durvalumab provided no apparent improvement in effi-
cacy versus durvalumab alone; the ORR (7.3%) was lower than that 
reported in a previous study of durvalumab monotherapy in pre-
treated ES-SCLC (9.5%; ref. 8). Although cross-trial comparisons 
are unreliable, similar results have been reported in previously for 
PD1/PD-L1 inhibitor plus CTLA4 inhibitor combinations in ES- 
SCLC. For example, ORR was lower with ipilimumab plus nivolu-
mab than nivolumab alone (9.1% vs. 11.5%; ref. 5), and durvalumab 
plus tremelimumab plus chemotherapy than durvalumab plus 
chemotherapy (58% vs. 68%; ref. 16). 

Based on mechanistic and preclinical rationale (17) and early-phase 
clinical data (20, 21) antitumor activity with the combination of 
adavosertib plus carboplatin could have been expected in ES-SCLC, 
but there was a lack of response to the combination in BALTIC. It is 
possible that limited carboplatin efficacy, which can be associated with 
various mechanisms of chemoresistance (37), was a contributing 
factor. Of note, only 3 of 10 patients in arm B had achieved response 
to first-line platinum-based chemotherapy prior to enrollment. Sim-
ilarly, the combination of ceralasertib plus olaparib has demonstrated 
preclinical synergistic activity in ATM-deficient cancer cells (30), but 
this did not translate into notable clinical antitumor activity for pa-
tients in BALTIC. Although dependence on DNA damage repair is 
generally considered to make SCLC susceptible to DNA damage re-
pair pathway inhibitors (38), some literature suggests that alternative 
DNA damage repair pathway components may compensate for the 
comutations of TP53 and RB1 and their impact on genome integrity, 
and limit their effect on overall cell survival (39–41). This may ac-
count for the lack of activity of medications that target DNS repair 
mechanisms in arms B and C of BALTIC. Targeting the compensa-
tory pathways may provide an alternative future therapeutic approach 
to sensitize SCLC tumors to DNA-damaging agents. 

In all three arms, some patients derived more benefits than 
others. Understanding the underlying mechanism of response or 
resistance may help enhance treatment effects in the future. Bio-
marker findings for both PD-L1 and ctDNA from arm A of BALTIC 
were exploratory, and limited by both the small sample sizes and the 
proportion of patients who were biomarker evaluable and should be 
interpreted with caution. The prevalence of PD-L1 expression on 
TCs was low (PD-L1 ≥ 1% in 4.8% of patients) and similar to that 
previously reported in the first-line setting in the phase III CAS-
PIAN (5.4%) and IMpower133 (5.8%) studies; the prevalence of PD- 
L1 expression on ICs (PD-L1 ≥ 1% in 57% of patients) was some-
what higher than in CASPIAN (25.8%) but similar to that in 
IMpower133 (50.4%; refs. 36, 42). These data suggest that TC PD-L1 
expression may not be notably different in platinum-refractory 
versus platinum-näıve disease. Although small sample size limits 
interpretation, patients with PD-L1 expression on ≥1% of TCs or 
ICs seemed to have a greater likelihood of achieving disease control 
with durvalumab plus tremelimumab than patients with PD-L1 
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Figure 3. 
Circulating biomarkers associated with ceralasertib + olaparib treatment response and pharmacodynamics—arm C circulating biomarker BEP. A, Baseline 
cytokine and chemokine distribution according to OS. B, Kaplan–Meier curves for OS by baseline PD-L1 expression status. C, Kaplan–Meier curves for OS by 
baseline CXCL5 expression status. D, Change in GDF15 expression over time in cycles 1 and 2. E, Change in TR expression over time in cycles 1 and 2. F, Change in 
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expression on <1% of TCs and ICs. PD-L1 expression did not seem 
to be associated with OS. 

Identification of predictive biomarkers in SCLC is hindered by the 
difficulty of obtaining tumor biopsies of adequate size and quality, and 
the lack of collection beyond the initial diagnostic sample. Liquid bi-
opsies are of interest as a rapidly applicable, noninvasive alternative to 
tumor biopsies to assess the molecular profile of disease and examine 
clonal evolution during treatment. However, existing data on ctDNA in 
SCLC are limited, especially in the context of novel therapies (35, 43). In 
arm A, analyses of baseline ctDNA measured by MaxVAF suggested a 
differential OS benefit, with a trend for longer OS with durvalumab plus 
tremelimumab in patients with lower baseline MaxVAF. Evidence from 
other studies has been inconsistent; a recent meta-analysis of patients 
with NSCLC treated with immune checkpoint inhibitors failed to show 
a significant association between baseline ctDNA and efficacy outcomes 
(44), but several other reports in a range of solid tumors, including 
SCLC, support our observation of a prognostic effect of disease burden 
(33, 35, 45, 46). 

A reduction in the ctDNA level on treatment (defined as 
ΔMaxVAF < 0) was found to be associated with longer OS in arm A 
of BALTIC, possibly indicating a decrease in disease burden on re-
sponse to durvalumab plus tremelimumab treatment. However, this 
finding was based on a small sample size resulting in a wide CI 
surrounding the HR for risk of death, with the upper boundary >1. 
Previous analyses in patients treated with immune checkpoint in-
hibitors have also suggested that ctDNA dynamics are predictive of 
clinical outcomes and radiologic response. For example, in patients 
with advanced NSCLC or urothelial cancer who received durvalumab 
(first- to sixth-line), a reduction in mean VAF after 6 weeks of 
treatment was associated with greater tumor volume reduction and 
longer PFS and OS (47). A larger pooled analysis of patients with solid 
tumors who received durvalumab with or without tremelimumab 
confirmed the predictive nature of on-treatment ctDNA dynamics 
based on change in VAF at 6 weeks (33). In the phase III MYSTIC 
study (durvalumab ± tremelimumab vs. chemotherapy), molecular 
response based on early ctDNA dynamics was predictive of radiologic 
response in all treatment arms, although only of OS in the immu-
notherapy arms (34). The prospective INSPIRE study (pem-
brolizumab in solid tumors) showed that baseline ctDNA correlated 
with clinical response and survival outcomes; this correlation was 
strengthened when ctDNA kinetics during treatment were also con-
sidered (45). Data from BALTIC and previous studies suggest that 
future treatment of tumors including ES-SCLC may be adapted based 
on early ctDNA kinetics to identify responding or resistant patients in 
a timely manner. However, studies have used different methods to 
evaluate ctDNA, and often had small sample sizes, limiting the gen-
eralization of results. The optimum threshold to identify clinically 
significant ctDNA changes and the optimal timepoint for analysis are 
currently unknown. 

Exploratory circulating biomarker analyses in arm C showed that 
patients treated with ceralasertib plus olaparib produced specific 
immune response-relevant circulating chemokines and cytokines 
(including PD-L1, CXCL5, C–X–C motif chemokine ligand-11, 
IL10, TNF receptor superfamily member 14, bleomycin hydrolase, 
plasminogen activator inhibitor, CC motif chemokine ligand 23, 
VEGFA, hepatocyte growth factor, von Willebrand factor, mucin 
16, fatty acid binding–protein 4, and IL15) as early biomarkers of 
survival outcomes; high levels of these cytokines in the circula-
tion were associated with decreased OS. These systemic 
immune-inflammation cytokines can act directly on carcinoma 
cells or recruit immunosuppressive and proangiogenic cells 

(48–50). Furthermore, we observed an on-treatment sustained 
increase in inflammatory and stress-induced cytokine expression 
of GDF15, which is often increased upon tissue injury and is 
implicated in tumor progression, tumor load, tumor-promoting 
inflammation, and tumor immune evasion in several cancer 
types (51). Given the exploratory nature of our analyses, further 
studies are required to evaluate the mechanistic and clinical 
implications of these findings. 

In conclusion, limited antitumor activity was observed with the 
novel combination regimens of durvalumab plus tremelimumab, 
adavosertib plus carboplatin, and ceralasertib plus olaparib in pa-
tients with platinum-refractory or -resistant ES-SCLC. All three 
combinations demonstrated tolerable safety profiles, consistent with 
the known safety signals of the individual drugs. Analyses of ctDNA 
dynamics in patients treated with durvalumab plus tremelimumab 
support increasing evidence that early changes in ctDNA may be 
predictive of response to immune checkpoint inhibitors across 
different tumor types. The circulating chemokines and cytokines 
identified in patients treated with ceralasertib plus olaparib as early 
biomarkers of poor survival and pharmacodynamics warrant 
additional mechanistic investigation. Recent research has iden-
tified four biologically distinct subtypes of SCLC based on the 
expression of specific transcription factors, with apparently 
distinct sensitivities to different therapeutic approaches (52). In 
the future, studies enrolling a selected patient population may 
therefore prove more successful in identifying effective treat-
ments for platinum-refractory or -resistant ES-SCLC than the 
all-comer approach used in BALTIC. 
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