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A B S T R A C T

The current standard of care for anal squamous cell carcinoma (ASCC) is definitive concurrent chemo
radiotherapy (CRT). However, about a third of patients may experience treatment failure. Recently, immuno
therapy has emerged as a novel strategy for metastatic ASCC patients. We evaluated the efficacy and safety of 
surgery, CRT alone, and CRT with immunotherapy (CRT-I) in 100 nonmetastatic ASCC patients, treated from 
April 2012 through May 2023, by determining survival outcomes and acute adverse events. The median (range) 
follow-up was 30.7 (7.6 to 134.9) months. The study cohort 3-year overall survival (OS), progression-free sur
vival (PFS), distant metastasis-free survival (DMFS), and locoregional recurrence-free survival (LRFS) rates were 
80.7 %, 62.2 %, 71.1 %, and 67.6 %, respectively. The Surgery group had significantly lower rates than the CRT 
and CRT-I groups for 3-year PFS (33.1% vs. 65.2% vs. 92.9 %, P < 0.001), DMFS (46.7% vs. 74.6% vs. 92.9 %, P 
= 0.002) and LRFS (37.0% vs. 73.3% vs. 92.9 %, P < 0.001), respectively. All patients receiving CRT-I were alive 
at last follow-up. Of 100 patients, 26 (26.0 %) experienced severe (≥ grade 3) acute toxicity. Of 24 patients 
receiving CRT-I, 8 (33.3 %) had severe acute toxicity. Using immunohistochemistry, peritumoural stromal 
infiltration by CD8+ T cells was significantly higher after CRT-I compared to before CRT-I and to after CRT alone. 
The addition of immunotherapy to CRT may be an effective first-line treatment option with favourable survival 
outcomes and acceptable toxicity for patients with ASCC. A prospective, randomized trial assessing the efficacy 
of CRT combined with a PD-1 inhibitor in patients with locally advanced ASCC is in progress.
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immune checkpoint inhibitors; IHC, immunohistochemistry; IMRT, intensity-modulated radiotherapy; LRFS, locoregional relapse-free survival; MMC, mitomycin C; 
ORR, overall response rate; OS, overall survival; pCR, pathologic complete response; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; 
PFS, progression-free survival; PTV, planning target volume; RAC, rectal adenocarcinoma; TILs, tumour-infiltrating lymphocytes; TME, tumour microenvironment.

* Corresponding author at: Department of Colorectal Surgery, The Sixth Affiliated Hospital of Sun Yat-sen University, 26 Yuancun Erheng Road, Guangzhou, 
Guangdong 510655, China.
** Corresponding author at: Department of Radiation Oncology, Sun Yat-sen University Cancer Centre, 651 East Dongfeng Road, Guangzhou, Guangdong 510060, 

China.
E-mail addresses: gaoyh@mail.sysu.edu.cn (Y.-h. Gao), huangj97@mail.sysu.edu.cn (J. Huang). 

1 Fang He, Mo Chen, Qi-jun Yao, Zhi-min Liu contributed equally to this study.

Contents lists available at ScienceDirect

Translational Oncology

journal homepage: www.elsevier.com/locate/tranon

https://doi.org/10.1016/j.tranon.2024.102133
Received 2 July 2024; Received in revised form 25 August 2024; Accepted 18 September 2024  

Translational Oncology 50 (2024) 102133 

1936-5233/© 2024 The Authors. Published by Elsevier Inc. CCBYLICENSE This is an open access article under the CC BY-NC license 
( http://creativecommons.org/licenses/by-nc/4.0/ ). 

mailto:gaoyh@mail.sysu.edu.cn
mailto:huangj97@mail.sysu.edu.cn
www.sciencedirect.com/science/journal/19365233
https://www.elsevier.com/locate/tranon
https://doi.org/10.1016/j.tranon.2024.102133
https://doi.org/10.1016/j.tranon.2024.102133
http://creativecommons.org/licenses/by-nc/4.0/


Implications for Practice

Definitive concurrent chemoradiotherapy (CRT) has been more 
recommended than surgery for anal squamous cell cancer (ASCC) 
patients. However, more than one-third of patients may experi
ence treatment failure. In this study 100 ASCC patients without 
distant metastasis who received immunotherapy along with CRT 
experienced significantly higher 3-year PFS, DMFS and LRFS rates 
than those treated with surgery or CRT alone. The addition of 
immunotherapy to CRT for non-metastatic ASCC has the potential 
to improve survival.

Introduction

Anal cancer is a rare malignancy, but the incidence has been 
increasing for decades in China, as well as in other developed countries 
[1,2]. Squamous cell carcinoma accounts for over 80 % of the histo
logical subtypes of anal cancer and is strongly associated with human 
papillomavirus (HPV) infection [3]. The current standard treatment for 
nonmetastatic anal squamous cell carcinoma (ASCC) is definitive con
current chemoradiotherapy (CRT). Although CRT has achieved a higher 
than 80 % complete response (CR) rate in patients with ASCC, between 
25 % and 40 % of patients eventually experience treatment failures [4]. 
Therefore, there is a need for additional treatment options that might 
improve outcomes in patients with ASCC.

Patients who are immunocompromised, including those with 
persistent HPV infection, are at higher risk of developing anal cancer 
[5]. At the same time, patients with an HPV-positive status have better 
responses to CRT and to immunotherapy, likely because of their tumours 
have higher immunogenicity [6]. Moreover, immune checkpoint in
hibitors (ICIs) have emerged as a novel strategy for managing patients 
with previously treated metastatic ASCC, having produced encouraging 
rates of response and durable survival [7-9]. More recently, a compre
hensive treatment strategy for ASCC that includes CRT and immuno
therapy has attracted increasing attention, as this might offer potential 
advantages over treatment with CRT alone. The addition of immuno
therapy in the form of a Programmed cell death-1 (PD-1)/programmed 
death-ligand 1 (PD-L1) checkpoint inhibitor might induce an increased 
immunogenic effect by initiating cell death, phagocytosis, and tumour 
antigen release, all of which might lead to the reactivation of 
immune-mediated tumour surveillance and enhanced anti-tumour ac
tivity [10,11]. Indeed, prospective, clinical trials to assess the efficacy of 
ICIs combined with CRT for ASCC are currently in progress (e.g., 
NCT03233711, NCT04230759, NCT05661188, and NCT05374252).

To date, there have been only a few publications reporting on the use 
of CRT combined with immunotherapy, and these have only provided 
preliminary evidence of the safety of concurrent administration of CRT 
and immunotherapy in patients with cancers of the lung and the anus 
[12-14]. The first aim of our study was to evaluate both the efficacy and 
safety of surgery, CRT alone, and CRT with immunotherapy in patients 
with ASCC, by reporting on survival outcomes, treatment responses, and 
acute treatment-related adverse events. The second aim our study was to 
use these results to determine whether enough preliminary evidence for 
the benefits of concurrent CRT with immunotherapy exists to warrant a 
prospective investigation of the use of this combination for locally 
advanced ASCC patients.

Materials and methods

Patients

Those enrolled in this study were consecutive patients who were 
treated between April 2012 and May 2023 at the Sixth Affiliated 

Hospital of Sun Yat-sen University for newly diagnosed, histologically 
proven, nonmetastatic ASCC.

All patients underwent anorectal palpation, enhanced pelvic MRI, 
and enhanced CT of the chest and abdomen as part of their initial 
diagnosis. All women underwent gynaecologic examination to exclude 
primary gynaecologic tumours. Patients were included in the study who 
(a) had biopsy-proven ASCC, and (b) had no distant metastases. Patients 
were excluded from the study who (a) had a second primary tumour, (b) 
refused CRT and/or curative surgery (i.e., chose palliative therapy), (c) 
had metastatic or recurrent ASCC. Clinical stages were assigned ac
cording to the TNM staging system from the American Joint Cancer 
Committee (AJCC) Cancer Staging Manual, 8th Edition. This study was 
approved by the Ethics Committee of the Sun Yat-sen University Cancer 
Centre (No. 2023ZSLYEC-667).

Treatments

The patients in the study were divided into 3 groups based on the 
primary treatment received according to attending physician recom
mendations: Surgery, CRT, and CRT plus immunotherapy (CRT-I) 
(Fig. 1).

Surgery
For patients with clinical stage T1 disease, local excision was per

formed. For patients with advanced localized disease (i.e., clinical stage 
T2-T4 or N-positive), Miles’ (abdominoperineal resection) surgery was 
performed. In addition, for patients with persistent disease after CRT or 
with recurrent disease during follow-up, local excision, or Miles’ surgery 
were performed, with the choice of the type of surgery being based on 
the stage and location of the tumour.

Radiotherapy
Patients receiving definitive CRT all had intensity-modulated 

radiotherapy (IMRT), and they were treated 5 days a week with 1 
fraction per day. Patients with early disease (i.e., clinical stage T1 or T2) 
received the following IMRT regimen: a total dose of 50 to 54 Gy to the 
planning target volume (PTV) of the gross tumour volume of the primary 
tumour (GTVp), given in 25 to 27 fractions at 2.0 Gy per fraction; and, 
45 Gy to the PTV of the clinical target volume (CTV), given in 25 frac
tions at 1.8 Gy per fraction. Patients with advanced disease (i.e., clinical 
stage T3-T4 or N1) received the following IMRT regimen: an initial dose 
of 45 Gy to the PTV of the clinical target volume (CTV) given in 25 
fractions at 1.8 Gy per fraction; a new sim-CT following the end of the 45 
Gy course of radiotherapy; and, a boost dose of 10 to 14 Gy given in 5 to 
10 fractions at 2.0 Gy per fraction to the volume of the shrunken GTVp 
and metastatic lymph nodes (for a total dose of 54 to 59 Gy).

The CTV was defined as the GTV plus areas considered at significant 
risk of harbouring microscopic disease, including a 1-cm margin around 
the GTV and anal canal. This included the mesorectum (perirectal fas
cia), perirectal nodes, presacral region, internal iliac lymph nodes, 
external iliac lymph nodes, and inguinal lymph nodes. In addition, other 
adjacent organs were included when invaded by primary tumour.

Chemotherapy
Chemotherapy consisted of concurrent (during radiotherapy) and/or 

adjuvant (after radiotherapy or surgery) regimens. The regimen chosen 
for each patient was determined by the attending physician and multi- 
disciplinary cancer team at our hospital. Patients receiving CRT or 
CRT-I all received 2 cycles of concurrent chemotherapy, either on days 1 
and 22 or on days 1 and 29.

Of the 100 patients in the study, 72 (72.0 %) received between 1 and 
4 cycles of adjuvant chemotherapy. Among the 24 patients receiving 
Surgery, 12 (50.0 %) patients received adjuvant chemotherapy, ranging 
from 1 to 4 cycles. Among the 76 patients receiving CRT or CRT-I, 60 
(78.9 %) received adjuvant chemotherapy, ranging from 1 to 2 cycles.

Concurrent and adjuvant chemotherapy regimens that were used 
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included: 5-fluorouracil (5-FU) with mitomycin C (MMC); 5-FU with 
cisplatin; or paclitaxel with cisplatin. The doses used were based on 
recommendations from the National Comprehensive Cancer Network 
(NCCN), Clinical Practice Guidelines in Oncology for ASCC.

Immunotherapy
The PD-1 antibody (sintilimab, 200 mg/dose intravenously) was 

used for immunotherapy. All patients in the CRT-I group received 2 
single-dose cycles of concurrent (during radiotherapy) immunotherapy, 
given on days 1 and 22. All of these patients also received adjuvant 
immunotherapy given every 3 weeks, ranging from 1 to 2 cycles, based 
on the recommendation of their attending physician. Thus, patients who 
had immunotherapy in the study received a total of 3 to 4 cycles.

Tumour microenvironments

Tumour or tumour-bed biopsies of 21 randomly chosen study pa
tients in the Surgery, CRT, and CRT-I groups (Supplementary Table 1) 
were evaluated with immunohistochemistry (IHC) to assess the tumour 
microenvironments (TME) of these patients. The intratumoural tissue 
prior to treatment was used to study the relationship between the 
expression of PD-L1 and the infiltration of immunocytes (i.e., CD3+, 
CD4+, and CD8+ T cells, as well as CD163+ M2 macrophages).

The tissue from the patients in the CRT and CRT-I groups was used to 
discuss the infiltration of immunocytes in the intratumoural region and 
peritumoural stroma. Six of the patients from the CRT-I group had no 

residual tumour after treatment. Therefore, for the tissue of the CRT-I 
group after treatment, we opted to do these comparisons using the 
infiltration of immunocytes in the peritumoural stroma.

The specific biomarkers used for IHC included CD3 (Rabbit, 
ZSJQ#ZA-0503), CD4 (Rabbit, MXB#RMA-0620), CD8 (Rabbit, 
MXB#Kit-0026), CD163 (Rabbit, Abcam#ab182422), and PD-L1 (Rab
bit, Abcam#ab213524). The relative expression of CD3, CD4, CD8, and 
CD163 was determined by randomly choosing 3 views of intratumour 
and peritumoural stromal regions at a 20x magnification and then 
estimating the area of positively stained immunocytes as a percentage of 
the total area of intratumour regions or peritumoural stroma. For PD-L1, 
the TAP (Tumour Area Positivity) Score was determined by randomly 
choosing 3 views of intratumour regions at a 20x magnification and 
estimating the area of positively stained tumour cells and immunocytes 
as a percentage of the total tumour (tumour and stromal cells) area. PD- 
L1 positivity was defined as a relative expression of PD-L1 in intra
tumour regions of 1 % or higher.

Follow-up

During the course of CRT, patients were evaluated weekly, including 
for any toxicity. Laboratory tests including complete blood count with 
differential, platelet count, and both renal and liver function tests were 
performed before each cycle of concurrent chemotherapy and immu
notherapy. Adverse events and acute toxicities were monitored for at 
least 3 months after the completion of radiotherapy or surgery, graded 

Fig. 1. The CONSORT diagram. Abbreviations: ASCC, anal squamous cell carcinoma; CRT, chemoradiotherapy; CRT-I, chemoradiotherapy plus immunotherapy; CR, 
complete response; PR, partial response; AC, adjuvant chemotherapy; W & W, watch and wait; PCR, pathological complete response.

F. He et al.                                                                                                                                                                                                                                       Translational Oncology 50 (2024) 102133 

3 



using the Common Terminology Criteria for Adverse Events version 4.0 
(CTCAE v4.0), and recorded in the medical record. To report toxicity 
outcomes, the maximum toxic effect grade was used for each patient and 
each event type.

The duration of follow-up was defined as the time from the first day 
of any treatment to either the date of the last follow-up examination or 
the date of death. The initial assessment of tumour response was per
formed using clinical examination, enhanced pelvic MRI, and transrectal 
ultrasonography 3 months after surgery or the end of radiotherapy. A 
similar assessment was performed 6 months after surgery or the end of 
the radiotherapy, with the purpose of determining clinical efficacy. A 
clinical complete response (cCR) was defined as the absence of primary 
or nodal tumour by digital examination, colonoscopy, and enhanced 
MRI of the pelvis. If there was evidence of persistent disease, this was 
confirmed by biopsy, and then salvage local excision or surgery was 
performed. Subsequently, patients had repeat assessments at 3-month 
intervals during the first 2 years, and at 6-month intervals thereafter.

Outcomes

Primary outcomes determined in this study were overall survival 
(OS), progression-free survival (PFS), distant metastasis-free survival 
(DMFS), and locoregional relapse-free survival (LRFS). OS was defined 
as the interval from the initiation of treatment to death as a result of any 
cause; PFS was defined as the interval from the initiation of treatment to 
locoregional recurrence or metastasis, or death. DMFS was defined as 
the interval from the initiation of treatment to the first distant relapse or 
death; and, LRFS was defined as the interval from the initiation of 
treatment to the first locoregional relapse or death. Secondary outcomes 
determined were treatment response, and acute treatment-related 
toxicity.

Statistical methods

Either the chi-squared (χ2) test or Fisher’s exact test was used to 
compare the distributions of the patient demographic and clinicopath
ological characteristics between the 2 groups. Kaplan-Meier survival 
curves were used to compare patient survival outcomes between the 2 
groups. Statistical differences between curves were calculated using the 
log-rank test. Linear regression was used for analysis of correlation be
tween the intratumoural infiltration of immunocytes and expression of 
PD-L1 prior to treatment. The Mann-Whitney test was used to compare 
the infiltration of immunocytes and the expression of PD-L1 in the 
intratumoural and peritumoural stromal regions before and after treat
ment. All survival outcome measures were censored on September 1, 
2023. All P values were two-sided, and a P value <0.05 was considered 
statistically significant. Statistical analyses were performed with SPSS 
(version 24.0; SPSS, Inc., Chicago, IL).

Results

Patient characteristics

A total of 100 patients with ASCC were included in this study (Fig. 1). 
The median age of all patients was 55 (range, 22 to 86) years (Table 1). 
Of the 100 patients, 80 (80.0 %) were women. As well, 10 (10 %) pa
tients had stage I, 46 (46 %) had stage II, and 44 (44 %) had stage III 
disease. Of 83 patients evaluated for HPV, 68 (81.9 %) patients were 
HPV-positive. Patients were divided into 3 groups based on their initial 
treatment modality, as follows: 24 (24.0 %) patients were in the Surgery 
group, 52 (52 %) patients were in the CRT group, and 24 (24.0 %) pa
tients were in the CRT-I group.

Patient clinicopathological characteristics were compared among 
the 3 treatment modality groups (Table 1). Compared with those in the 
other 2 groups, a significantly higher proportion of patients in the CRT-I 
group had advanced clinical T stages (i.e., cT4) (P = 0.001) as well as 

Table 1 
Demographic and clinicopathological characteristics of 100 patients with anal 
squamous cell carcinoma, by primary treatment modality, April 2012 through 
May 2023.

Characteristics Total 
patients 
(N = 100)

Surgery 
group 
(N = 24)

CRT 
group 
(N =
52)

CRT-I 
group 
(N =
24)

P

n (%) n (%) n (%) n (%)

Age, years (median, 
55)

​ ​ ​ ​ 0.624

≤ 55 54 (54.0) 12 (50.0) 27 
(51.9)

15 
(62.5)

​

> 55 46 (46.0) 12 (50.0) 25 
(48.1)

9 (37.5) ​

Gender ​ ​ ​ ​ 0.760
Male 20 (20.0) 6 (25.0) 10 

(19.2)
4 (16.7) ​

Female 80 (80.0) 18 (75.0) 42 
(80.8)

20 
(83.3)

​

HPV status ​ ​ ​ ​ 0.561
Positive 68 (68.0) 14 (58.3) 35 

(67.3)
19 
(79.2)

​

Negative 15 (15.0) 4 (16.7) 9 
(17.3)

2 (8.3) ​

NT 17 (17.0) 6 (25.0) 8 
(15.4)

3 (12.5) ​

Tumor 
differentiation 
(initial biopsy)

​ ​ ​ ​ 0.275

High 11 (11.0) 3 (12.5) 8 
(15.4)

1 (4.2) ​

Moderate 58 (58.0) 17 (70.8) 26 
(50.0)

15 
(58.3)

​

Poor 31 (31.0) 4 (16.7) 18 
(34.6)

9 (37.5) ​

Clinical T stage ​ ​ ​ ​ 0.001
cT1 15 (15.0) 8 (33.3) 5 (9.6) 2 (8.3) ​
cT2 41 (41.0) 2 (8.4) 27 

(51.9)
12 
(50.0)

​

cT3 24 (24.0) 9 (37.5) 13 
(25.0)

2 (8.4) ​

cT4 20 (20.0) 5 (20.8) 7 
(13.5)

8 (33.3) ​

Clinical N stage ​ ​ ​ ​ 0.059
cN0 25 (25.0) 10 (41.7) 12 

(23.1)
3 (12.5) ​

cN1 75 (75.0) 14 (58.3) 40 
(76.9)

21 
(87.5)

​

Clinical TNM stage ​ ​ ​ ​ <0.001
I 10 (10.0) 7 (29.2) 3 (5.8) 0 (0.0) ​
II 46 (46.0) 3 (12.5) 29 

(55.7)
14 
(58.3)

​

III 44 (44.0) 14 (58.3) 20 
(38.5)

10 
(41.7)

​

Chemotherapy 
regimena

​ ​ ​ ​ <0.001

MMC + 5-FU 36 (36.0) 1 (4.2) 21 
(40.3)

14 
(58.3)

​

Cisplatin + 5-FU 21 (21.0) 7 (29.1) 11 
(21.2)

3 (12.5) ​

Paclitaxel +
cisplatin

31 (31.0) 4 (16.7) 20 
(38.5)

7 (29.2) ​

None 12 (12.0) 12 (50.0) 0 (0.0) 0 (0.0) ​
Total 

chemotherapy 
cycles, median 
(IQR)

3 (2–4) 2 (0–4) 3 (2–4) 3 (3–4) —

a Includes both concurrent and adjuvant chemotherapy; patients continued 
with the same regimen throughout the study. 

Abbreviations: CRT, chemoradiotherapy; CRT-I, chemoradiotherapy with 
immunotherapy; NT, not tested; MMC, mitomycin C; 5-FU, 5-fluorouracil; IQR, 
interquartile range.
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advanced clinical stages (i.e., stage II and III) (P < 0.001).

Short-term (6-month) treatment efficacy

At the assessment 6 months after completing primary treatment, of 
the 100 patients in the study, 74 (74.0 %) had retained their anus while 
26 (26.0 %) had received a colostomy, either as part of the primary 
Miles’ surgery (n = 17) or as part of Miles’ surgery for persistent disease 
(n = 9) (Fig. 1). The rates of colostomy for patients in the Surgery, CRT, 
and CRT-I groups were 70.8 %, 17.3 %, and 0 %, respectively. Of the 76 
patients who received CRT or CRT-I, a total of 51 (67.1 %) achieved a 
cCR. Meanwhile, of the 12 patients in the CRT group who received 
salvage local excision, 3 achieved a pCR. Thus, a total of 54 (71.1 %) of 
the 76 patients achieved a CR. In addition, 9 patients required a co
lostomy as part of Miles’ Surgery for residual tumour.

Treatment toxicity and tolerance

Of the 100 patients in the study, 25 (25.0 %) patients required a 
break during treatment because of acute toxicity. All 76 patients who 
started radiotherapy completed it. In the study cohort, the most common 
grade 1 or 2 acute toxicity was radiation dermatitis occurring in 67 
patients, followed by haematological toxicity in 42 patients, and 
gastrointestinal toxicity in 30 patients (Table 2).

Overall, 26 (26.0 %) patients experienced grade 3 or 4 acute toxicity 
(Table 2). Of the 24 patients in the Surgery group, only 1 (4.2 %) had a 
high-grade toxicity (i.e., grade 3 haematological toxicity). Of the 52 
patients in the CRT group, 17 (32.3 %) experienced grade 3 or 4 toxicity. 
Of the 24 patients in the CRT-I group, 7 (29.2 %) had grade 3 haema
tological or gastrointestinal toxicity, and 1 (4.2 %) had grade 4 radiation 
dermatitis. Taken together, grade 3 or 4 toxicities were experienced by 
32.3 % and 33.3 % of the patients in the CRT and CRT-I groups, 
respectively. While the most common immune-related toxicity in pa
tients in the CRT-I group was hypothyroidism in 3 patients, it was only 
grade 2 and resolved after a short course of corticosteroids. 

Furthermore, no grade 3 or 4 immune-related toxicity occurred in pa
tients in the CRT-I group.

Survival outcomes

The median (range) follow-up for the study cohort was 30.7 (7.6 to 
134.9) months. The estimated 3-year OS, PFS, DMFS, and LRFS rates for 
all patients were 80.7 %, 62.2 %, 71.1 %, and 67.6 %, respectively 
(Fig. 2). The Surgery group had significantly lower rates than the CRT 
and CRT-I groups for 3-year PFS (33.1% vs. 65.2% vs. 92.9 %, P <
0.001), DMFS (46.7% vs. 74.6% vs. 92.9 %, P = 0.002) and LRFS (37.0% 
vs. 73.3% vs. 92.9 %, P < 0.001), respectively. The Surgery group also 
had a lower 3-year OS rate (73.7 %) than the CRT (79.8 %) and CRT-I 
(100 %) groups, but these differences were not statistically significant 
(P = 0.280) (Fig. 3).

Tumour microenvironments

Before treatment, the intratumoural expression of PD-L1 was 
significantly positively correlated with the intratumoural infiltration of 
CD3+ T cells, CD4+ T cells, and CD8+ T cells, but it was not signifi
cantly correlated with the intratumoural infiltration of CD163+ M2 
macrophages (Fig. 4A). The positive rate of intratumoural expression of 
PD-L1 in the CRT and CRT-I groups was 50.0 % and 33.3 %, respectively, 
but these did not differ significantly (Fig. 4B-C).

In comparing the CRT and CRT-I groups, there was no significant 
difference between the 2 groups in the pre-treatment infiltration of 
immunocytes, including CD8+ T cells, in both the peritumoural stromal 
(Fig. 4D) and intratumoural (Supplementary Figure 1) regions. How
ever, the post-treatment CD8+ T cell infiltration in the peritumoural 
stroma in the CRT-I group was significantly higher than that in the CRT 
group (Fig. 4D, E and G).

In comparing pre- and post-treatment in the CRT group, there was no 
significant difference in the peritumoural stromal (Fig. 4E-G) or intra
tumoural (Supplementary Figure 1) infiltration of CD 8 + T cells. 
Conversely, in the CRT-I group, the infiltration of CD8+ T cells in the 
peritumoural stroma after treatment was significantly higher than 
before treatment (Fig. 4E-G).

As for the other immunocytes (i.e., CD3+ T cells, CD4+ T cells, and 
CD163+ M2 macrophages), when comparing both their peritumoural 
stromal and intratumoural infiltration pre- and post-treatment within 
the CRT and CRT-I treatment groups, there were no significant differ
ences (Supplementary Figures 2 and 1A-D). Also, when comparing the 
2 treatment groups with each other before treatment, there were no 
significant differences in the peritumoural or intratumoural infiltration 
of any of these cells (Supplementary Figures 2 and 1E-H).

Discussion

In this retrospective analysis, we compared the efficacy and safety of 
surgery, CRT, and CRT-I for patients who had ASCC, most of whom had 
locally advanced disease. Patients in our study whose primary treatment 
was either CRT or CRT-I had significantly higher 3-year PFS, DMFS and 
LRFS rates than those primarily treated with surgery. In particular, the 
3-year PFS, DMFS and LRFS rates in patients who received immuno
therapy with CRT were both 92.9 %, while in those who received CRT 
alone were 65.2 %, 74.6 % and 73.3 %, respectively. In addition, the 
patients receiving CRT-I did not have substantially worse treatment- 
related toxicity than those receiving CRT alone. Finally, the short-term 
colostomy-free rates for patients who had CRT-I, CRT, and surgery 
were 100 %, 82.7 %, and 29.2 %, respectively.

Survival rates were the primary outcomes used in our study. Xiao 
WW, et al. were the first to study survival and safety of the neoadjuvant 
use of PD-1 antibody prior to CRT in 5 patients with ASCC [15]. Yuan, 
et al. reported on 59 patients with ASCC in south China, whose 3-year OS 
and PFS rates were 74.2 % and 73.4 %, respectively [2]. In addition, in 

Table 2 
Acute toxicities of treatments in 100 patients with anal squamous cell carci
noma, by primary treatment modality, April 2012 through May 2023.

Acute adverse effects Surgery 
group 
(N = 24)

CRT 
group 
(N = 52)

CRT-I 
group 
(N = 24)

P

n (%) n (%) n (%)

Haematological 
toxicity

​ ​ ​ 0.522

Grade 0 9 (37.4) 15 (28.8) 7 (29.2) ​
Grade 1–2 14 (58.4) 30 (57.7) 12 (50.0) ​
Grade 3–4 1 (4.2) 7 (13.5) 5 (20.8) ​

Gastrointestinal 
toxicity

​ ​ ​ 0.433

Grade 0 14 (58.3) 24 (46.2) 14 (58.3) ​
Grade 1–2 10 (41.7) 22 (42.3) 8 (33.4) ​
Grade 3–4 0 (0.0) 6 (11.5) 2 (8.3) ​

Radiation dermatitis ​ ​ ​ <0.001
Grade 0 24 (100.0) 3 (5.8) 2 (8.3) ​
Grade 1–2 0 (0.0) 46 (88.5) 21 (87.5) ​
Grade 3–4 0 (0.0) 3 (5.7) 1 (4.2) ​

Peripheral 
neurotoxicity

​ ​ ​ 0.285

Grade 0 21 (87.5) 34 (65.4) 19 (79.2) ​
Grade 1–2 3 (12.5) 17 (32.7) 5 (20.8) ​
Grade 3–4 0 (0.0) 1 (1.9) 0 (0.0) ​

Immune-related 
toxicity

​ ​ ​ 0.054

Grade 0 24 (100.0) 52 (100.0) 22 (91.7) ​
Grade 1–2 0 (0.0) 0 (0.0) 2 (8.3) ​
Grade 3–4 0 (0.0) 0 (0.0) 0 (0.0) ​

Abbreviations: CRT, chemoradiotherapy; CRT-I, chemoradiotherapy with 
immunotherapy.
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940 patients with anal cancer who were involved in the ACT II study and 
divided into 2 groups, the 3-year PFS rates were 73 % and 74 % [15]. 
The 3-year OS, PFS, DMFS, and LRFS rates for our study cohort were 
80.7 %, 62.2 %, 71.1 %, and 67.6 %, respectively. These survival out
comes are comparable to previous studies. More importantly, we 
observed particularly promising survival outcomes in our patients who 
received CRT with immunotherapy. With our median follow-up of <36 
months, the OS results of our study were immature. However, all pa
tients receiving CRT-I in our study were alive at last follow-up. 
Furthermore, the estimated 3-year DMFS and LRFS rates for those 
receiving CRT-I in our study were both 92.9 %, while the rates for CRT 
alone were 74.6 % and 73.3 %, respectively. Although these preliminary 
results do not provide definitive evidence for the superiority of CRT-I, 
our group will be carrying out a prospective, randomized trial to 
determine this, by comparing the efficacy of CRT to CRT combined with 
a concurrent and adjuvant PD-1 inhibitor in patients with locally 
advanced ASCC (NCT 05,374,252).

In our study, 67.1 % of the patients treated with CRT or CRT-I had a 
cCR. These results are inferior to those obtained by others. Emma, et al. 
reported that 92.5 % of their patients with ASCC who were treated with 
definitive CRT achieved a cCR [16]. In their study, 35.4 % of the patients 
presented with advanced stage disease and about 50 % had N1 disease. 
In contrast, 44 % patients of our patients had an advanced T stage (T3 or 
T4) and 75.0 % had lymph node metastases. The latter are associated 
with poor survival in patients with ASCC [17]. These characteristics of 
the patients in our study likely contributed to the less favourable 
short-term efficacy results in our analysis.

The safety profile reported for patients in our study receiving CRT or 
CRT-I was consistent with that observed in other investigations 
involving CRT. Furthermore, the patients in our study receiving CRT-I 
had acute toxicity rates that were similar to those of the patients 
receiving CRT without immunotherapy. In the RTOG 0529 study, 

patients with locally advanced ASCC were treated with CRT, including 
dose-painted IMRT, and 73 % had acute grade 2+ haematologic toxicity, 
21 % had grade 3+ gastrointestinal toxicity, and 23 % had grade 3+
dermatologic toxicity, suggesting significant sparing of these toxicities 
relative to when conventional radiotherapy was used as part of CRT 
[18]. Conversely in our study, of the patients receiving CRT or CRT-I, 
which included dose-painted IMRT, grade 3+ haematologic toxicity 
occurred in 15.8 %, grade 3+ gastrointestinal toxicity occurred in 10.5 
%, and grade 3+ dermatologic toxicity occurred in 5.2 %. Finally, all of 
the adverse event results taken together suggest that the addition of 
immunotherapy to CRT did not substantially increase what were 
manageable toxicities for CRT alone.

We further analysed the tumour microenvironment in our patients, 
because it has been shown to play a significant role in the effectiveness 
of immunotherapy for certain cancers. Wakeham, et al. demonstrated 
that positivity for p16, a surrogate for HPV, and higher levels of tumour- 
infiltrating lymphocytes (TILs) in the tumours of patients with anal 
cancer were associated with improved survival [19]. Another study of 
patients with ASCC treated with CRT showed that those whose tumours 
at baseline had higher amounts of infiltration by a particular TIL, the 
CD8+ T cell, had significantly better rates of local control, DFS, and OS 
[6]. In our study, we observed that the amount of CD8+ T cell infiltra
tion in the peritumoural stroma was significantly increased after CRT-I 
treatment relative to before treatment. We also observed that while 
there was no significant difference between the CRT and CRT-I groups in 
the amount of pre-treatment CD8+ T cell infiltration in the peritumoural 
stroma, the amount of post-treatment CD8+ T cell infiltration was 
significantly higher in the CRT-I group than in the CRT group. Although 
the implications of these results are limited by the small sample size, 
they do suggest that the addition of immunotherapy to CRT may 
significantly activate tumour immunity, and it is possible that such 
activation may correlate with more favourable survival outcomes.

Fig. 2. Kaplan-Meier curve analyses of 100 patients with anal squamous cell carcinoma, who received for primary treatment either surgery, concurrent chemo
radiotherapy (CRT), or concurrent chemoradiotherapy plus immunotherapy (CRT-I), from April 2012 through May 2023. Curves show rates of (A) overall survival, 
(B) progression-free survival, (C) distant metastasis-free survival, and (D) locoregional relapse-free survival.
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The expression of PD-L1 within tumours has been reported to be a 
predictive biomarker for the response to immunotherapy in other 
advanced or metastatic squamous cell cancers, including cervical[20] 
and oesophageal[21] cancers. For ASCC, relative research has yet to be 
conducted. In the Keynote-158 trial using pembrolizumab to treat ASCC, 
the group of patients with PD-L1-positive tumours had a better overall 
response rate (ORR) than the group with PD-L1-negative tumours (15% 
vs. 3 %, respectively) [7]. However, in a study involving 37 patients with 
treatment-refractory ASCC who received nivolumab, patients were not 
selected based on PD-L1 expression, and yet the ORR rate for the cohort 
was 24 % [8]. In our study, we observed that the expression of PD-L1 
was positively correlated with infiltration by TILs, including CD3+, 
CD4+, and CD8+ T cells. These results suggest that the role of PD-L1 
expression might be a predictive biomarker to inform the clinical use 
of immunotherapy for ASCC.

Limitations

Our work had some limitations. First, the retrospective design of this 
analysis and the heterogeneity among physician practices at our insti
tution might have resulted in selection bias. Second, although the study 
was focused on CRT with or without immunotherapy, we did include 
patients who underwent surgery as primary treatment. We decided to 
include these patients because, like those receiving CRT or CRT-I, they 
had the same diagnosis and were treated with curative intent. As ex
pected and kept in mind during the analysis of results, the patients who 
had surgery as primary treatment had significantly worse disease control 
than those who received CRT or CRT-I. Finally, the median follow-up in 
the study was relatively short at just <36 months. However, the ACT II 

trial reported a relapse rate of <1 % after 3 years [22], suggesting that 
short-term efficacy may reasonably predict long-term survival.

Conclusions

For patients with locally advanced ASCC, CRT appears to provide 
disease-related survival benefits over surgery. For those same patients, 
the addition of immunotherapy to CRT may result in further disease- 
related survival benefits, without adding unmanageable toxicity. 
These preliminary findings have led to our design of a prospective, 
randomized trial comparing the efficacy of CRT to CRT combined with a 
concurrent and adjuvant PD-1 inhibitor in patients with locally 
advanced ASCC.

Ethics approval

The experimental protocol was approved by the Central Ethics 
Committee of the Sixth Affiliated Hospital, Sun Yat-sen University (No. 
2023ZSLYEC-667).

Registry and the registration no of the study/trial

N/A.

Animal studies

N/A.

Fig. 3. Kaplan-Meier curve analyses of patients with anal squamous cell carcinoma, treated between April 2012 and May 2023, showing survival after surgery, 
concurrent chemoradiotherapy (CRT), or CRT plus immunotherapy (CRT-I). Curves show comparisons of rates, by type of treatment, for all 100 study patients, of (A) 
overall survival (P = 0.280), (B) progression-free survival (P < 0.001), (C) distant metastasis-free survival (P = 0.002), and (D) locoregional relapse-free survival (P <
0.001). Symbols represent treatment comparisons between two groups: Numbers of symbols indicate P-value levels: ns indicates not significant, ‘*’ means P < 0.05, 
‘**’ means P < 0.01 and ‘***’ means P < 0.001.
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