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Changes occurring in host-associated microbial communities –such as microbiota– may modulate immune responses to 

checkpoint blockade immunotherapy [1] by shaping the innate and adaptive immune tonus of cancer patients (pts) [2].

We previously showed that pembrolizumab, an anti-programmed cell death protein 1, added to the microtubule-targe-

ting chemotherapy eribulin has an encouraging antitumor activity in hormone receptor (HR)+/human epidermal growth 

factor receptor 2 (HER2)– advanced breast cancer (ABC) pts regardless of programmed death-ligand 1 status [3].

The phase 2 KELLY trial (NCT03222856) investigated the e�cacy and safety of pembrolizumab plus eribulin in 44 pts with 

pre-treated, HR+/HER2– ABC (Figure 1).

Fecal and saliva samples were prospectively collected at baseline (BL), cycle 4 day 1 (C4D1), and end of treatment or pro-

gressive disease (EoT/PD) from a subset of pts (Table 1; Figure 2).

Overall, 60.7% of pts had clinical bene�t (CB; Table 2). Tumor response was grouped into CB (pts who experienced com-

plete or partial response, or stable disease [SD] ≥ 24 weeks) and no-CB (pts who had SD < 24 weeks or PD) as per RECIST 

v.1.1 (Figure 2).

Shotgun metagenomic and 16S rRNA gene sequencing were used to characterize fecal and saliva microbiota pro�les, res-

pectively. Microbiota data were analyzed using MEGAHIT, LEfSe, Wilcoxon ranked sum, and PERMANOVA methods.

Preliminary �ndings suggest that Bacteroides fragilis in gut microbiome strongly predicts better outco-

me, representing a promising biomarker to identify those patients who may derive particular bene�t 

from this strategy.

Further investigations will take place probing into the functionality of the gut microbiota e.g., drug me-

tabolism conferring to clinical outcomes.

As this is an exploratory microbiome study, all analyses were done posthoc.
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Women aged ≥ 18 years

HR+/HER2– inoperable locally recurrent or MBC

Prior ET and 1–2 CT regimens for locally recurrent or 

MBC

Measurable disease as per RECIST v.1.1

No autoimmune diseases or active uncontrolled in-

fections

Life expectancy ≥ 12 weeks

ECOG PS of 0–1

Pembrolizumab
200 mg IV on D1 Q3W

+

Eribulin
1.23 mg/m2 IV on D1 + D8 Q3W

BACKGROUND

Key elegibility criteria

AIM

CALADRIO aims to assess the impact of gut and oral microbiome on clinical outcome of luminal ABC pts undergoing im-

munotherapy combined with chemotherapy.

Primary Endpoint
CBR

Secondary Endpoints
ORR, TTR, DOR, PFS, OS

Safety

Exploratory Endpoints
PFS, ORR as per ir-RECIST

E�cacy in PD-L1+

Predictive/prognostic biomarkers

Characteristic, % Overall 
(n=28)

Female 100

Age, median (IQR), years 53.5 (47.5–63.0)

ECOG PS, %

0 | 1 67.9 | 32.1

ER status

Positive | Negative 100 | 0

PgR status

Positive | Negative 82.1 | 17.9

No. of metastatic sites

1-2 ≥ 3 42.9 | 57.1

Visceral disease

Yes | No 92.9 | 7.1

Lines of prior ET, median (IQR) 2 (2–3)

Prior CT for EBC

Yes | No 75.0 | 25.0

Lines of prior CT for ABC

1 | 2 46.4 | 53.6

Prior therapy for ABC

CDK4/6 inhibitor 
a 57.1

PI3K inhibitor 10.7

mTOR inhibitor 42.9

PD-L1 status b

Positive | Negative 48.1 | 51.9

Variable Overall
(n=28)

Clinical bene�t rate, n (%) 
a

17 (60.7)

Median duration of clinical bene�t, months (IQR) 
b

7.7 (6.1–11.7)

Median progression-free survival, months (95% CI) 6.1 (4.2–10.4)

Table 1. Patient baseline characteristics.

Table 2. Investigator-assessed tumor response as per RECIST v.1.1.

Figure 1. KELLY Trial Design

Figure 2.
(A) Study schema of stool and saliva samples collection.

Figure 3. Shannon diversity at genus level of (A) gut and (B) oral microbiome pro�les.

Figure 4. The relative abundance of Bacteroides fragilis in gut microbiome by timepoint.

Figure 5.
(A) Heatmap by Bray-Curtis dissimilarity matrix on 
saliva samples by the top ten genera. 
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Data are %, unless otherwise indicated.
   Only 1 patient had received CDK4/6 inhibitor therapy previously for early 
disease and this patient had PD-L1 positive status.
   PD-L1 status was not evaluable in 1 patient because of low tumor cellularity.

Abbreviations: ABC, Locally recurrent or metastatic breast cancer; CDK, Cyclin-dependent kinase; 
CT, Chemotherapy; EBC, Early breast cancer; ECOG PS, Eastern Cooperative Oncology Group per-
formance status; ET, Endocrine therapy; IQR, interquartile range; mTOR, Mammalian target of ra-
pamycin; PFS, Progression-free survival; PI3K, Phosphoinositide 3-kinase.

Bacteroides fragilis in the gut is associated with CB. LefSe analysis showed that Bacteroides fragilis is associated with CB. 
Box plots further con�rmed that pts with CB consistently had a greater relative abundance of Bacteroides fragilis than 
those who did not. This observation was most signi�cant at the EoT (P=0.0009 by Mann Whitney U test, U = 0, median (yes, 
no)= 1.95, 0.38 , range = 0–11.73).

Study treatment does not confer microbiota toxicity. No signi�cant changes in gut alpha diversity was detected in pts 
who experienced a CB  (A). Those pts who did not experience a CB showed a trend towards increasing gut alpha diversity, 
though not signi�cant. This trend was not observed in oral alpha diversity (B). Gut and oral beta diversity by NMDS plot-
ting in R studio did not indicate any segregation of microbiota pro�les according to the metadata collected. This was also 
con�rmed using PERMANOVA (data not shown).

time

n=17 n=11

Abbreviations: CBR, Clinical bene�t rate; CT, Chemotherapy; D, Day; DOR, Duration of response; ECOG PS, Eastern Cooperative Oncology Group performance status; ET, Endo-
crine therapy; ir-RECIT, Immune-related RECIST; IV; intravenously; MBC, Metastatic breast cancer; ORR, Objective response rate; OS, Overall survival; PFS, Progression-free survi-
val; RECIST, Response Evaluation Criteria in Solid Tumors.

(B) Cohort selection by tumor response as per RECIST v.1.1.

Oral Streptococcus at baseline is associated with CB. Using the 16S rRNA amplicon sequencing of the oral microbiome, an asso-
ciation of oral Streptococcus with CB was observed (A). At baseline, pts who experienced a CB tended to have a higher relative 
abundance of Streptococcus than patients with no-CB (B, C). Unlike the Bacteroides fragilis’ observation in the gut, the di�erence 
in relative abundances of Streptococcus between the CB groups is lost over time.
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(B) Stacked bar plot on the relative abundance ordered by 
Streptococcus abundance by timepoint and CB status.

(C) Box plot of Streptococcus relative abundance.

GUT AND MICROBIOTA PROFILING IN PATIENTS WITH HORMONE RECEPTOR-POSITIVE ADVANCED BREAST CANCER RECEIVING PEMBROLIZUMAB PLUS ERIBULIN: CALADRIO

a

b

   De�ned as complete or partial response, or stable disease ≥24 weeks.
  De�ned as time from treatment initiation until progressive disease or death in 
patients with clinical bene�t.

Abbreviations: CI, Con�dence interval; IQR, Interquartile range.
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