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Abstract

Purpose—Radiation may have significant immuno-modulatory effects that impact tumor 

response and could potentiate immunotherapeutic approaches. The purpose of this study was to 

prospectively investigate circulating lymphoid cell population (CLP) fractions during 

hypofractionated proton therapy (HPT) in blood samples of liver cancer patients, and to explore 

their association with survival.

Methods and Materials—We collected serial blood samples pre-treatment and at days 8 and 15 

of HPT from 43 liver cancer—22 hepatocellular carcinoma (HCC) and 21 intrahepatic 
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cholangiocarcinoma (ICC) —patients enrolled in a phase II clinical trial. All patients received 15 

fractions of proton therapy to a median dose of 58 Gy (RBE). We used flow cytometry to measure 

the changes in the fractions of total CD3+, CD4+ and CD8+ T cells, CD4+CD25+ T cells, 

CD4+CD127+ T cells, CD3+CD8+CD25+ activated cytotoxic T lymphocytes (CTLs) and CD3–

CD56+ natural killer (NK) cells.

Results—With a median follow-up of 42 months, median overall survival (OS) in the study 

cohort was 30.6 months for HCC and 14.5 months for ICC patients. Longer OS was significantly 

correlated with greater CD4+CD25+ T cell (p=0.003) and CD4+CD127+ T cell (p=0.01) fractions 

at baseline only in ICC patients. In HCC patients, the fraction of activated CTLs mid-treatment (at 

day 8) was significantly associated with OS (p=0.007). These findings suggest a differential 

relevance of immuno-modulation by HPT in these liver cancers.

Conclusion—Anti-tumor immunity may depend on maintenance of a sufficiently high number 

of activated CTLs during HPT in HCC patients, and CD4+CD25+ T cells and CD4+CD127+ T 

cells prior to treatment in ICC patients. These results could guide the design of future studies to 

determine the optimal treatment schedules when combining radiation with specific 

immunotherapy approaches.
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Introduction

There is emerging data on the immunomodulatory effects of radiation associated with anti-

tumor immunity, and potential synergistic effects with certain immunotherapeutic 

approaches (1). Radiation, particularly when delivered over protracted courses, can also 

cause rapid depletion of circulating lymphoid cell populations (CLPs) (2). Moreover, these 

responses may significantly vary between individuals and CLP type (3). Despite the 

recognition of a differential impact of treatment fractionation and prescription dose on 

immune cells (4), little is known about the effects of proton therapy in various tumors and 

their impact on treatment outcomes. The goal of this study was to evaluate key effector and 

suppressor CLPs (5) during hypofractionated proton therapy (HPT) in hepatocellular 

carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) patients, and to investigate 

their association and survival.

Materials and Methods

The patient cohort includes the participants enrolled at one institution in a multi-site phase II 

clinical trial (NCTXXXXXXXX) that investigated the safety and efficacy of high-dose HPT 

in HCC and ICC patients. The protocol was reviewed and approved by local institutional 

IRBs, for patient details see Ref. (6) and Supplementary Material. Patients received 15 

fractions to a maximum total dose of 67.5Gy-equivalent, with the relative biological 

effectiveness set at 1.1 per institutional guidelines (6). Dose de-escalation was permitted to 

maintain the normal liver mean dose below 24Gy-equivalent. We analyzed CLP fractions in 

patients with biopsy-confirmed HCC (n=22) and ICC (n=21) by flow cytometric analysis 
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after immunostaining peripheral mononuclear cells in freshly drawn samples using an LSR-

II cytometer (BD) (7). We evaluated the fractions of total CD3+ CLPs, CD4+ and CD8+ T 

cells, CD4+CD25+ T cells, CD4+CD127+ T cells, CD3+CD8+CD25+ activated cytotoxic T 

lymphocytes (CTLs) and CD3–CD56+ natural killer (NK) cells in serial fresh blood samples 

collected at days 1 (baseline), 8 and 15 of HPT (see gating strategy in Supplementary Figure 

S1). We examined the changes in CLP fractions during treatment, their differences between 

HCC and ICC patients, and their associations with OS. Wilcoxon rank-sum test were used 

for comparisons, Wilcoxon signed-rank for changes over time, and log-rank tests for 

association with OS.

Results and Discussion

Table 1 lists the patient characteristics for the HCC and ICC cohorts. The only significant 

difference between the HCC and ICC patients was the higher proportion of males in the 

HCC group, consistent with the known predominance of this disease in males. Data were 

analyzed with a median follow-up of 42 months (43 months for the HCC patients and 36 

months for the ICC cohort), when 9 patients were still alive. Figure 1 shows the OS 

distributions in the two cohorts: median OS was 30.6 months for HCC and 14.5 months for 

ICC patients. These results compare favorably to historical data (8).

To examine whether the fractions of the CLP subsets correlate with OS, we divided each 

cohort at their median CLP fraction. At baseline, improved OS strongly correlated with 

greater CD4+CD25+ T cell and CD4+CD127+ (naïve and central memory) T cell fractions 

in the ICC patients (p=0.003 and p=0.01, Figure 2D,E). This association was not seen in 

HCC patients (Figure 2A,B). In contrast, we detected a significant association between 

longer OS and greater activated CTL fraction at day 8 during HPT, only in the HCC patients 

(p=0.007, Figure 2C) but not in the ICC cohort (p=0.65, Figure 2E). We found no 

association with OS for any of the CLP fractions at day 15 of HPT. These correlations were 

confirmed in multivariate analyses that included other relevant parameters such as tumor 

volume, target dose and the Child-Turcotte-Pugh (CTP) score, with the exception of 

CD4+CD25+ T cells that only showed a trend for correlation at baseline with OS in ICC 

patients in multivariate analyses (p=0.08, see Supplementary Material and Tables S1-S3).

All CLPs showed a significant drop during HPT (see Supplementary Material and Figure 

S2). These effects were transient, as all CLP fractions recovered when measured at the first 

follow-up except for activated CTLs, which remained low in HCC patients but increased in 

ICC patients (see Supplementary Material).

Survival analyses of patients after liver-directed radiotherapy are often affected by the 

competing risk of death by underlying liver disease. In the current analysis, only 9 patients 

(6 HCC, 3 ICC) died without progression – 5 died of cirrhosis, and the rest of unknown 

causes. These data indicate that for this cohort, OS is an appropriate measure of disease-

specific outcome.

Taken together, these results indicate that cellular immune responses might occur in liver 

cancer patients early during HPT. They also suggest that they may depend on maintenance 
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of sufficiently high fractions of activated CTLs in the blood circulation of HCC patients 

during HPT, and CD4+CD25+ T cells and CD4+CD127+ (naïve and central memory T 

cells) in ICC patients before HPT. If these associations are confirmed in larger studies, they 

may suggest differential avenues to improve outcomes of HPT for HCC and ICC. For HCC, 

these data would suggest a potential benefit for increasing hypo-fractionation, especially if 

used in combination with immunotherapeutic approaches, with the goal of increasing 

lymphocyte-sparing (2, 9).

The CD4+CD25+ T cell population includes T regulatory cells (Tregs) and activated CD4+ 

T cells. Previous studies reported that increased Tregs in peripheral blood correlate with 

tumor burden (10), and a high number of infiltrating Tregs are thought to be an unfavorable 

prognostic factor (11). However, and importantly, we found no significant association 

between circulating CD4+CD25+CD127–Treg fraction and OS in this study.

Our observations suggest a different immuno-modulation during HPT in the HCC and ICC 

cohorts. As the changes occur early in therapy, adaptation of the treatment for high/low-risk 

populations could increase the therapeutic ratio. The immune escape pathways of HCC and 

ICC are complex, with PD-1 and PD-L1 playing an important role (12). PD-1 inhibition has 

been recently approved and is currently being investigated in advanced HCC as 

monotherapy, but response rates are less than 20% in unselected patients (13). Radiation has 

the potential to enhance the effect of immunotherapeutic approaches (14), though the 

optimal treatment schedules still have to be determined to render immunotherapy-

radiotherapy approaches effective in these diseases (15). These hypothesis-generating 

findings warrant further investigations of these cellular biomarkers, and are important for the 

pursuit of combinations of radiation with specific immunotherapy approaches as well as for 

their optimal scheduling in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

This study investigated key effector and suppressor lymphocytes during radiotherapy in 

liver cancer patients. Results indicate that cellular immune responses may occur early 

during radiotherapy, associate with survival and significantly differ between histological 

subtypes. These data provide new insights for the pursuit of rational combinations of 

radiation with immunotherapy in liver cancer.

Grassberger et al. Page 6

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Kaplan-Meier overall survival (OS) distributions by disease type
HCC, hepatocellular carcinoma, median OS: 30.6 months (range 0.7–60.1). ICC, 

intrahepatic cholangiocarcinoma, median OS: 14.5 months (range 0.7–54.3).
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Figure 2. Associations between circulating lymphocyte population (CLP) fractions and overall 
survival (OS) in liver cancer patients treated with hypofractionated proton therapy (HPT)
Association between CLP fractions (higher versus lower than median) during HPT and OS 

in hepatocellular carcinoma (HCC) (red, A-C) and intrahepatic cholangiocarcinoma (ICC) 

(blue, D-F) patients. A,D, CD4+CD25+ T cells at day 1. B,E, CD4+CD127+ T cells at day 

1. C,F, activated cytotoxic T lymphocytes (CTLs) at day 8. p-values from log-rank test.
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Table 1
Patient Characteristics

Data were collected from all HCC and ICC patients enrolled at XXX in NCTXXXXXX. p-values are from 

log-rank p statistics for OS and from Mann-Whitney-U test for the rest. Values in parentheses designate range.

Characteristics Hepatocellular Carcinoma Intrahepatic Cholangiocarcinoma P value

Patients (n) 22 21

Age median (years) 69.5 [54–88] 66.4 [36–82] 0.063

Male/Female 19/3 10/11 0.003

No cirrhosis/CTP1 Class A/B 3/16/3 1/17/3 0.27

CLIP2 score 0-1/2-3 16/6 19/2 0.13

TVT3 yes/no 9/13 9/12 0.45

Mean GTV4 volume (cm3) 151.5 [17–501] 117.7 [4–310] 0.34

Mean Liver Dose (Gray) 16.7 [6.2–24.3] 17.2 [3.2–27.3] 0.35

Median Dose to Tumor (Gray) 58 [45–67.7] 58 [45–67.7] 0.24

Median OS (months) 30.6 14.5 0.09

1
CTP = Child-Turcotte-Pugh

2
CLIP = Cancer of the liver Italian program

3
TVT = Tumor vascular thrombosis

4
GTV = Gross Tumor Volume
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