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Figure 1 Blood immune effects of Y90TARE in HCC patients. (A) Longitudinal blood immune 
monitoring in 49 patients undergoing Y90TARE for intermediate- advanced HCC, using flow 
cytometry (Gallios, Beckman Coulter). (B) CD3+PD- 1+ lymphocytes, peaked one month post 
Y90TARE and rapidly returned to baseline levels within three months. Because of this specific 
kinetics, all subsequent phenotypic characterisations of immune cells were compared between 
baseline (time 0) and post Y90TARE (1 month), in detail. (C) Increase in cytotoxic granzyme B+ 
CD8+ and CD4+ T cells. (D) Increase in HBV/HCV antigen specific CD8+ cells after in vitro culture 
with pools of peptides restricted for the major HLA- class I alleles and derived from the HBV or 
HCV viral protein repertoire (ProMix Peptide Pools, PX- HCV and PX- HBV; ProImmune), tested in 
HCV (black dots and line) and HBV (red dots and line) infected patients, respectively. (E) Enhanced 
frequency of CD4+ and CD8+ T cells expressing the immune checkpoints PD- 1 and LAG3, as 
activation or exhaustion markers. (F) Increased frequency of CD4+Ki67+GZB+LAG3+ T cells in 
patients experiencing tumour response (CR + PR), according to RECIST, vs progression or stable 
disease (SD+PD). (G) The median post vs pre Y90TARE change (delta, Δ) in the percentage of 
CD4+Ki67+GZB+ or CD8+Ki67+GZB+ T cells, used as a cut- off to cluster patients with high vs low 
activated T cells and TTP (time to progression). For statistical analyses, Friedman (B), Wilcoxon 
(C- F), Mann Whitney (F) and log- rank (G) tests were applied. TTP Kaplan- Meier curves were based 
on 32.1% recurrence among the 43 patients analysed, with a median follow- up of 578 days (95% 
CI 499- 737) and a median TTP of 296 days (95% CI 193- 525). Statistical significance was set 
at p<0.05. MELD, model for end stage liver disease; PBMC, peripheral blood mononuclear cells; 
RECIST, response evaluation criteria in solid tumour.

Letters

Y90- radioembolisation in 
hepatocellular carcinoma 
induces immune responses 
calling for early treatment with 
multiple checkpoint blockers

We read with interest the recent work of 
Chew et al1 and we would like to share 
some original data that might implement 
the concept of immune activation as a 
consequence of Yttrium90 transarterial 
radioembolisation (Y90TARE) in hepato-
cellular carcinoma (HCC). In this study,1 
Y90TARE was shown to mediate a signifi-
cant increase in activated T and NK cells 
at the site of the tumour and in the periph-
eral blood of patients with HCC. The 
increase in these cell populations, partic-
ularly T cells expressing specific homing 
receptors (CCR5 and CXCR6), is associ-
ated with local tumour control.

In our study, we monitored immune 
phenotypes in the blood (figure 1A) of 
intermediate- advanced HCC patients 
(n=49) with preserved hepatic function, 
undergoing Y90TARE treatment during a 
2- year period in our centre (table 1).

We observed that tumour irradiation 
causes an altered adaptive and innate immune 
response, including an increased frequency 
of activated CD3+ T cells and CD8+ subsets, 
regulatory T cells (Treg) and inflammatory 
(PD- L1+ and HLA- DR+) monocyte popu-
lations (online supplemental figure). The 
immunomodulatory effect peaked 1 month 
after treatment and decreased significantly 
at 3 and 6 months, indicating the short- term 
nature of Y90TARE- induced immunomodu-
lation (figure 1B).

The CD4+ and CD8+ T cells had higher 
expressions of the proliferative Ki67 
and cytotoxic granzyme B markers post- 
treatment, suggesting an increase in activated 
immune effector T cells in peripheral blood 
(figure 1C and online supplemental figure).

Notably, CD8+ cells recognising HBV/
HCV peptides were also increased, thereby 
indicating a rise in circulating antigens 
and possibly tumour- specific T lympho-
cytes in patients with virus- derived HCC2 
after tumour irradiation (figure 1D). 
Nonetheless, a significant proportion of 
Y90TARE- induced CD4+ and CD8+ T 
cells expressed high levels of the inhibi-
tory checkpoints markers PD- 1 and LAG3 
(figure 1E) and produced no IFN-γ despite 
their activation status3 (online supple-
mental figure). Post- Y90TARE, there were 
elevated levels of effector T lymphocytes 

and a reduced frequency of central and 
effector memory T cells (online supple-
mental figure). This depicts a dysfunc-
tional and self- extinguishing immune 
response with the potential to exert 
immediate antitumour activity, but lacking 
the functional properties for long- term 
lasting tumour- specific T cells.4 Indeed, 
while the CD4+Ki67+GZB+LAG3+T cell 
subset was significantly higher in patients 

reaching tumour response compared with 
stable or progressing patients (figure 1F), 
no subset was associated with long- term 
disease control, as measured by time- to- 
progression (figure 1G). This suggests that 
the potent immune boosting effect caused 
by tumour irradiation does not affect 
long- term clinical outcomes.

It is still unclear as to whether the dysfunc-
tional phenotype of Y90TARE- induced T 
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Table 1 General characteristics of 49 
patients undergoing radioembolisation 
for unresectable and untransplantable 
hepatocellular carcinoma
Characteristics Study population (n=49)

Age 68 (38–87)

Aetiology of liver disease

  HCV 22 (45)

  HCV +other 17 (35)

  HBV 4 (7)

  NASH 2 (4)

  Alcohol 3 (6)

Child- Pugh class

  A 44 (90)

  B≤7 5 (10)

ALBI grade

  1 20 (41)

  2 29 (59)

Bilirubin (mg/dL) 1,1 (0,4–3,3)

Albumin (g/dL) 3,8 (2,8–4,6)

INR 1,1 (1–1,5)

Platelet count (*109/L) 118 (33–480)

Data are expressed as the median (range) or absolute number (%) 
as appropriate.
ALBI, albumin- bilirubin; INR, international normalised ratio; NASH, 
non- alcoholic steatohepatitis.

cells is due to suboptimal immune priming 
by locoregional radiation or to the immune 
status of patients with virus- related HCC. 
It is tempting to speculate that these T- cell 
defects may instead result from the ‘molec-
ular scar of chronicity’, which characterises 
the exhausted T- cell repertoire of patients 
with chronic viral disease and HCC.5 6 
Nevertheless, the timely delivery of immune 
checkpoint inhibitors (ICIs) may restore the 
antitumour immune responses of immune 
checkpoint- expressing T cells in the blood 
of Y90TARE- treated patients with HCC.

Furthermore, as Y90TARE- induced T cells 
are short lived, possibly due to PD- 1 and 
LAG3 expression, the provision of multiple 
immune ICIs could enhance long- term anti-
tumour immunological memory.7 8 On the 
other hand, the peak of T cells expressing 
immune checkpoints detected 1 month after 
Y90TARE could be the potential period for 
ICIs to be administered to enhance both the 
immunological and clinical efficacy of irradi-
ation treatment.

In conclusion, in the expanding debate 
on combination strategies for a personalised 
HCC treatment,9 10 our results suggest that 
Y90TARE treatment, followed by adminis-
tration of PD- 1 and LAG3 inhibitors after 1 
month, represents a promising combination 
to induce optimal immune- mediated disease 
control in patients with HCC.
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Could war and the supply chain 
crisis affect the sustainability of 
gastrointestinal endoscopy and 
single- use endoscopes?

We read with great interest the article by 
Namburar et al. ‘Estimating the environ-
mental impact of disposable endoscopic 
equipment and endoscopes’.1 The paper 
brilliantly investigates the environmental 
impact of gastrointestinal endoscopy, 
highlighting the large amount of waste 
generated, especially from disposable 
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Supplementary figure. Additional blood immune modulations observed 1 month after
Y90TARE in HCC patients, as detected by multiparametric flow cytometry. (A)
Treatment-induced increase in the percentage of CD3+CD8+, activated/exhausted
CD3+LAG3+ lymphocytes and regulatory T cells (Treg, CD4+CD25hiFoxp3+), peaking one
month after therapy; (B) Treatment-induced increase in PBMC of intermediate
(CD14++CD16+) and non-classical (CD14+CD16++) monocytes and of activated CD14+ and
HLA-DR+CD14+PD-L1+ monocytes, all peaking one month after treatment; (C) Treatment-
induced increase of CD4+ and CD8+ T cells expressing the proliferative marker Ki67 in post-
Y90TARE (1 month) vs pre-Y90TARE (time 0) PBMC; (D) IFN-γ intracellular staining in post-
Y90TARE (1 month) vs pre-Y90TARE (time 0) CD8+Ki67+ cells (p>0.05); (E) Increased
frequency in post- Y90TARE (1 month) compared to pre-Y90TARE (time 0) of Ki67+CD4+ and
Ki67+CD8+ T cells expressing a terminally differentiated effector (CCR7-CD45RA+)
phenotype; decrease in both memory (central, CCR7+CD45RA-) and effector (CCR7-

CD45RA-) subsets. For statistical analyses the Friedman (A, B) and Wilcoxon (C-E) tests
were applied. Statistical significance was set at p<0.05.
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