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 ABSTRACT 

Purpose: Anti–PD-L1 antibodies are associated with responses 
in <25% of patients with metastatic human papillomavirus– 
associated malignancies. VEGF signaling causes immune evasion 
and immune suppression within the tumor. We evaluated the 
anti–PD-L1 antibody atezolizumab and anti-VEGF antibody 
bevacizumab for patients with unresectable, advanced anal 
cancer. 

Patients and Methods: For this phase II study, participants 
with previously treated, immunotherapy-näıve anal cancer re-
ceived atezolizumab (1,200 mg) and bevacizumab (15 mg/kg) 
intravenously every 21 days. Responses were evaluated every 
9 weeks (RECIST version 1.1). The primary endpoint was the best 
radiographic response. Median survival was estimated by 
Kaplan–Meier and compared for selected biomarkers (including 
paired pre- and on-treatment biopsies) using a log-rank test. 

Results: Among 20 participants, the overall response rate was 
11% [95% confidence interval (CI): 1.2–32]. Median progression- 
free survival and overall survival were 4.1 months (95% CI, 2.6– 

not assessable) and 11.6 months (95% CI, 9.5–20), respectively. 
One grade 5 bevacizumab-related bowel perforation occurred. 
Analyses of 16 paired biopsies linked increases in IFN-γ 
(P ¼ 0.03) and inflammatory response (P ¼ 0.02) gene expression 
signatures with prolonged progression-free survival, as did in-
creases in CD3+CD8+PD1+ (P ¼ 0.02) cells and decreases in 
CD3+FoxP3+ cells (P ¼ 0.04) from 10 paired biopsies with 
multiplex immunofluorescence. A subgroup of anal cancers 
characterized by the SBS31 “prior-platinum” signature demon-
strated shorter median overall survival (HR, 6.3; 95% CI, 1.2–32; 
P ¼ 0.01). 

Conclusions: Atezolizumab and bevacizumab demonstrate 
activity similar to anti–PD-1 antibodies alone for unresectable 
anal cancer. Our translational data identify undescribed chro-
mosomal and transcriptomic biomarkers associated with survival 
for metastatic anal cancer. These correlative findings warrant 
confirmation and further validation in larger, prospective im-
munotherapy trials for advanced anal cancer. 

Introduction 
The incidence of squamous cell carcinoma of the anorectum 

continues to increase (1, 2). Over the past two decades, the relative 
proportion of patients presenting with advanced or metastatic dis-
ease at the time of their initial diagnosis for anal cancer has steadily 
increased (3). Most anal cancers are linked to prior infection with 
the human papillomavirus (HPV), most commonly HPV-16 and 

HPV-18 (4, 5). The most utilized treatments for patients with 
metastatic anal cancer have been cytotoxic chemotherapy (6–9). 
More recently, clinical trials evaluating antibodies against immune 
checkpoints like anti–PD-L1 have reported overall response rates 
(ORR) between 10% and 24% for patients with treatment-refractory 
metastatic anal cancer (10–13). There remains a paucity of effective 
treatment options in this setting. 

VEGF not only promotes the development of new blood vessel 
formation to growing tumors (14, 15) but also modulates the tumor 
microenvironment by recruiting T cell–suppressive myeloid-derived 
stem cells (16). Preclinical models have suggested that blockade of 
VEGF may augment the immune activation state within the tumor 
microenvironment by increasing cytotoxic T-cell infiltration (17), 
removing myeloid-derived stem cells (18), and reducing immune- 
suppressing cytokines (19). We conducted a phase II trial evaluating 
the anti–PD-L1 antibody atezolizumab with the anti-VEGF anti-
body bevacizumab for patients with previously treated, HPV- 
positive, unresectable squamous cell carcinoma of the anorectum. 

Patients and Methods 
Study participants 

Patients with histologically confirmed squamous cell carcinoma 
of the anus or rectum that was either metastatic and/or locally ad-
vanced and was not amenable to complete surgical resection were 
eligible. Patients must have had an anorectal tumor that was 
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determined to be “HPV-positive” by expression of p16 by IHC and/ 
or detection of high-risk HPV oncogenes by DNA in situ 
hybridization in a Clinical Laboratory Improvement 
Amendments–approved laboratory. Prior systemic treatment was 
required. All eligible patients must have been at least 18 years of age, 
have an Eastern Cooperative Oncology Group performance status of 
0 or 1, and adequate hematologic, renal, and hepatic function at 
study consent. Gender was self-reported by each study participant. 
Participants living with human immunodeficiency virus were 
eligible to participate provided that their CD4+ T-cell count 
exceeded 400 cells/mm3. 

Prior treatment with immune checkpoint blockade therapies was 
not permitted. Patients with active or a history of autoimmune 
disease were not eligible for this study. Exposure to systemic im-
munosuppressive medications within 2 weeks of anticipated treat-
ment initiation was not allowed. Given the known toxicity profile of 
bevacizumab, participants could not have a major surgical proce-
dure within 4 weeks of the start of study treatment, significant 
cardiovascular disease, uncontrolled hypertension, evidence of a 
bleeding diathesis, or a history of a fistula or gastrointestinal per-
foration in the preceding 6 months. 

This clinical trial (NCT03074513) received approval from the 
Institutional Review Board at the University of Texas MD Anderson 
Cancer Center prior to the start of study enrollment. Informed 
written consent was obtained from each study participant prior to 
treatment initiation and for any additional procedures in the study. 
All conduct for this clinical trial occurred in accordance with the 
Declaration of Helsinki. 

Drug administration and study design 
Participants received atezolizumab (1,200 mg) and bevacizumab 

(15 mg/kg) intravenously every 21 days until demonstration of 
disease progression, unacceptable toxicity, withdrawal of consent for 
study participation, or death (whichever came first). There was no 
randomization of treatment assignment for this single-arm study, 
and therefore, neither patient nor investigator was blinded to study 
treatment. Adverse events were assessed according to CTCAE 

version 4.0 (20) prior to every treatment dosing. Radiographic re-
sponse to treatment was evaluated every 9 weeks using computer-
ized tomography or magnetic resonance imaging per RECIST 
version 1.1 criteria. All enrolled patients were treated in the study, 
and there was no study attrition. 

Study statistics 
The primary endpoint for this study was best overall response— 

partial response or complete response—radiographically. The goal 
was to estimate the ORR and its 95% confidence interval (CI) using 
the Clopper and Pearson method. When the sample size was 20 and 
ORR was 0.3, the two-sided 95% exact CI would be (0.119–0.543), 
with a response rate of no treatment expected to be less than 5%. If 
the ORR was 10% and 20%, the 95% CI of ORR would be (0.012, 
0.317) and (0.057, 0.437), respectively. Secondary endpoints in-
cluded progression-free survival (PFS), overall survival (OS), dura-
tion of response, and occurrence of treatment-related adverse 
events. Disease control was defined as having a complete response, 
partial response, or stable disease as the best radiographic response 
to atezolizumab + bevacizumab, and the disease control rate was 
estimated according to the proportion of patients achieving disease 
control in this study. Participants’ demographic, clinical, and 
pathologic features were summarized using descriptive statistics. 
Median time-to-event outcomes were estimated according to the 
Kaplan–Meier method. Differences in survival among selected 
clinically and molecularly annotated classifications were assessed 
using two-sided log-rank tests. Univariate Cox proportional hazards 
regression models were used to estimate and evaluate effect sizes of 
risk factors on survival (R version 3.4.2). A Wilcoxon test was used 
to compare continuous variables for different clinical and pathologic 
features, and a Fisher’s exact t test was used to assess for any as-
sociation between categorical variables. 

Biomarker analyses 
Tissue biopsies were collected from each participant within 

7 days prior to treatment initiation (“pretreatment”) and 3 weeks 
following the first dose of atezolizumab and bevacizumab (“on- 
treatment”). There were adequate tissue samples available for the 
performance of whole-exome sequencing and copy-number changes 
in 20/20 (100%) participants, transcriptome profiling from paired 
biopsies in 16/20 (80%) participants, and multiplex immunofluo-
rescence (mIF) from paired biopsies in 10/20 (50%) participants 
(Supplementary Table S1). Given the historical precedent PFS es-
timates for anti–PD-L1 therapies as monotherapy of approximately 
2 months and the median PFS of atezolizumab and bevacizumab 
reported at 4 months here, we became interested in exploring bio-
markers associated with prolonged survival outcomes in these cor-
relative studies. We named a PFS of greater than 6 months as 
“prolonged PFS” with atezolizumab and bevacizumab and an OS 
greater than 12 months on study as “prolonged OS” as cutoffs for 
evaluating selected biomarkers prognostically in this cohort. 

RNA-seq FASTQ files were first processed using FastQC to 
evaluate the quality of sequencing reads at both the base and read 
levels. RNA reads were aligned to the GRCh37/hg19 genome as-
sembly using STAR (21). Aligned RNA reads were quantified using 
HTSeq-count (22) and normalized into fragments per kilobase of 
transcript per million mapped reads (FPKM). The FPKM values 
were then log2-transformed for subsequent analysis. For gene ex-
pression and gene set enrichment analysis, the gene expression 
differences between only paired baseline and posttreatment samples 
were calculated and then compared in groups. For identifying the 

Translational Relevance 
Dual targeting of VEGF and PD-L1 with atezolizumab and 

bevacizumab did not seem to improve clinical outcomes beyond 
preceding studies with anti–PD-L1 therapies alone for patients 
with incurable anal cancer. Analyses of paired biopsies— 
historically not available in previous clinical trials for this rare 
malignancy—identified increases in immune activation signa-
tures of IFN-γ and inflammatory response in association with 
longer survival on immunotherapy. Orthogonal confirmation 
using multiplex immunofluorescence showed that dynamic re-
cruitment of cytotoxic T cells and exclusion of regulatory T cells 
from the tumor microenvironment for anal cancer were linked 
to more favorable outcomes after exposure to atezolizumab and 
bevacizumab. Discovery of novel chromosomal biomarkers in 
chromosomes 3 and 11, as well as the SBS31 “prior platinum 
chemotherapy” signature, was associated with survival outcomes 
and extended the translational profiling of anal cancers beyond 
genomic biomarkers following treatment with immunotherapy 
and bears further testing in future prospective trials. 
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differentially regulated genes between patients of longer versus 
shorter PFS and OS, we employed the “limma trend” mode available 
in the limma package. Genes with an adjusted P value below 
0.05 were considered as differentially regulated genes. 

Gene set enrichment analysis was conducted with the fast gene 
set enrichment algorithm from the R package “fgsea” (version 
1.16.0). We utilized two gene sets for enrichment analysis: the 
“hallmark” gene set, which includes 50 gene sets that represent well- 
defined biological states or processes, and the “nano signaling 
pathway” gene set, which includes genes involved in nanomaterial– 
cell interactions and signaling pathways (23). For each gene set, we 
computed enrichment scores for all samples using the default pa-
rameters in fgsea. P values were corrected for multiple testing using 
the Benjamini–Hochberg method. 

Copy-number analysis 
The tumor sample purity and ploidy estimates were calculated 

using Sequenza algorithms. CBS (or HMM)-derived segmented 
copy-number values were corrected using the In Silico Admixture 
Removal procedure (24). Subsequently, significant focal copy 
number alterations were identified from the ISAR-corrected seg-
mented data using GISTIC 2.0.225. The following parameters were 
used: amplification threshold: 0.3, deletion threshold: 0.3, focal 
length cutoff: 0.70, gene GISTIC: yes, confidence level: 0.99, q-value 
threshold: 0.25, join segment size: 4, remove X: no, cap val: 1.5, run 
broad analysis: yes, max sample segs: 2,000, arm peel: yes, gene 
collapse method: extreme. Tumors were then clustered based on 
thresholded copy number at reoccurring alteration peaks from 
GISTIC analysis. 

Whole-exome sequencing data processing and analysis 
FASTQ files were aligned to the reference genome GRCh37/ 

hg19 using BWA (25). The aligned BAM files were subjected to 
mark duplication, realignment, and recalibration using Picard and 
GATK (26) before any downstream analyses. Somatic variant and 
copy-number alterations were performed as previously described 
(27). Somatic mutations and short insertions/deletions were called 
and postfiltered using the Mutect2 (28) module of GATK and Pindel 
(29), respectively. Identified variants were then annotated to genes, 
transcripts, and variant severity using Annovar (30). Somatic copy- 
number alterations in tumor were identified from WES data using 
HMMCopy (31). Segmented data were processed using GISTIC2 
(32). Cell purity and ploidy were estimated from WES data using 
Sequenza (33). Single-nucleotide variant mutational signatures were 
extracted from the COSMIC database using the MutationalPatterns 
R package (34). In brief, a trinucleotide (single-nucleotide variant + 
upstream/downstream neighboring nucleotide) mutation count 
matrix was calculated, and then the mutational signature and the 
relative contribution matrix of each signature were extracted from 
the trinucleotide matrix using nonnegative matrix factorization 
(R package). The derived mutational signature was refitted into well- 
known COSMIC somatic single-base substitutions (SBS) mutational 
signatures (https://cancer.sanger.ac.uk/signatures/sbs/). Unsupervised 
clustering of the relative contribution matrix was conducted and visu-
alized using the R package ComplexHeatmap. 

mIF staining and image analysis 
mIF staining was performed using a similar method previously 

described (35). Briefly, four μm–thick formalin-fixed, paraffin- 
embedded sample sections were stained using an mIF panel that 
contained antibodies against pancytokeratin (clone AE1/AE3, 

RRID:AB_2631307, dilution 1:50, Dako), CD3 (polyclonal, RRI-
D:AB_2721019, dilution 1:100, Dako), CD8 (clone C8/144B, RRI-
D:AB_11000353, dilution 1:25, Thermo Fisher Scientific), FOXP3 
(clone D2W8E, RRID:AB_2747370, dilution 1:100, Cell Signaling 
Technology), PD-1 (clone EPR4877-2, RRID:AB_2894867, dilution 
1:250, Abcam), PD-L1 (clone E1L3N, RRID:AB_2687655, dilution 
1:250, Cell Signaling Technology), KI67 (clone MIB-1, RRI-
D:AB_2142367, dilution 1:100, Dako), and CD68 (clone PG-M1, 
RRID:AB_2074844, dilution 1:25, Dako). All the markers were 
stained in sequence using their respective fluorophore contained in 
the Opal 7 IHC kit (Akoya Biosciences) and the individual tyramide 
signal amplification fluorophores Opal Polaris 480 and Opal Polaris 
780 kits (Akoya Biosciences). The slides were scanned using the 
Vectra Polaris 1.0.13 (Akoya Biosciences) at low magnification, 10�
(1.0 µm/pixel) through the complete emission spectrum and using 
positive tonsil controls from the run staining to calibrate the spec-
tral image scanner protocol. A pathologist selected all the tumor 
areas using regions of interest for scanning in high magnification by 
the Phenochart Software image viewer 1.0.12 (931 � 698 µm size at 
resolution 20�) to capture various elements of tissue heterogeneity. 
A pathologist analyzed each region of interest using inForm 
2.4.8 image analysis software (Akoya Biosciences). Marker colocal-
ization was used to identify specific tumor and stroma compartment 
cell phenotypes. The densities of each cell phenotype were quanti-
fied, and the final data were expressed as the number of cells/mm2. The 
data were consolidated using R Studio 3.5.3 (phenoptr 0.2.2 packet; 
https://rdrr.io/github/akoyabio/phenoptrReports/f/, Akoya Biosciences). 

RNA-seq data processing and analysis 
RNA-seq FASTQ files were first processed using FastQC to 

evaluate the quality of sequencing reads at both the base and read 

Table 1. Patient demographics and clinical characteristics. 

Patient characteristics (N = 20) Number (%) 

Age, median (years, range) 59 (43–80) 
Gender 

Female 17 (85) 
Male 3 (15) 

Timing of metastatic presentation 
Metachronous 7 (35) 
Synchronous 13 (65) 

Number of metastatic treatment lines 
1 12 (60) 
2 4 (20) 
3 2 (10) 
4 1 (5) 
6 1 (5) 

Liver metastases 
Yes 12 (60) 
No 8 (40) 

Lung metastases 
Yes 11 (55) 
No 9 (45) 

Distant lymph node metastases 
Yes 10 (50) 
No 10 (50) 

Unresectable pelvic tumor 
Yes 4 (20) 
No 16 (80) 
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levels. RNA reads were aligned to the GRCh37/hg19 genome as-
sembly using STAR (21). Aligned RNA reads were quantified using 
HTSeq-count (22) and normalized into FPKM. The FPKM values 
were then log2-transformed for subsequent analysis. Limma was 
used to identify differentially expressed genes between patients with 
longer versus shorter median PFS and OS. For gene set enrichment 
analyses, the hallmark gene sets (version 7.4) and nanostring sig-
naling pathways were downloaded and analyzed using the fgsea 
software package. 

Data availability 
Raw data for this study were generated at the University of Texas 

MD Anderson Cancer Center. The data reported in this study are 
based on the use of study data from consented participants that we 
have uploaded on the dbGaP website, under dbGaP accession 
phs003845.v1.p1. Requests for additional data can be directed to the 
corresponding author. 

Results 
Clinical activity 

Twenty patients (Table 1; Supplementary Table S2 for Study 
Representativeness) with HPV-positive, metastatic, or unresectable 
squamous cell carcinoma of the anorectum were treated with ate-
zolizumab and bevacizumab (Fig. 1A). The median number of prior 
lines of treatment for advanced anal cancer was 1 (range, 1–6). The 
median number of doses of atezolizumab and bevacizumab was 6 
(range, 2–30). One patient was not evaluable for treatment response 
due to a grade 5 bowel perforation prior to the first restaging. After 
a median follow-up time of 9.6 months (range, 3.3–29.6 months), 
there were two patients with partial responses radiographically. 
Among 19 patients evaluable for response (Fig. 1B; Supplementary 
Table S1 for details between demographics and response to treat-
ment), the ORR was 11% (95% CI, 1–33). With an ORR less than 

30%, the primary objective for clinical efficacy was not met. There 
were 11 patients who had stable disease as their best response, and 
the disease control rate was 68% (95% CI, 43–87). Both partial 
responses were confirmed on subsequent imaging studies (Fig. 1C). 
Per Fig. 1D, the median PFS was estimated at 4.1 months (95% CI, 
2.6–not achieved). Two patients remained on study beyond 
20 months (Fig. 1E). Previous radiation treatment was not linked to 
the PFS outcome (HR, 0.52; 95% CI, 0.19–1.45; P ¼ 0.21). There 
were no other clinical or pathologic factors that were significantly 
associated with PFS (Supplementary Table S3). 

Median OS (Fig. 1F) was estimated at 11.6 months (95% CI, 9.5– 
19.8). One- and two-year OS rates were 40% (95% CI, 23–71) and 
13% (95% CI, 4%–47%), respectively. Median OS was inferior for 
male participants (HR, 5.5; 95% CI, 1.3–23; P ¼ 0.02; Supplemen-
tary Table S4), and a trend toward improved median OS was noted 
for the eight participants who had prior radiotherapy to their pri-
mary anal tumor (HR, 0.34; 95% CI, 0.11–1.1; P ¼ 0.08). 

Adverse events/toxicity 
There were seven participants (35%) who experienced a 

grade ≥3 treatment-related adverse event (Table 2), the most sig-
nificant of which was a grade 5 bowel perforation. This occurred at 
the site of the patient’s primary tumor in the distal colon/rectum 
and not from the anal mucosa. There were no preceding clinical 
signs or symptoms of immunotherapy-related colitis. Because the 
patient had presented with synchronous metastases of the liver and 
lung at the time of initial diagnosis, there had been no preceding 
administration of radiotherapy to the primary tumor before en-
rolling in this study. There were no high-risk features apparent 
other than bevacizumab, to which we can attribute the perforation 
at the primary tumor site. 

Treatment with atezolizumab and bevacizumab was linked to 
grade 4 sepsis (N ¼ 1) and hyponatremia (20%), hypertension 

20 participants treated with

atezolizumab + bevacizumab

Grade 5 toxicity
(N = 1)

19 patients evaluable for response

Median PFS: 4.1 months
(95% CI, 2.6–NA)

Median OS: 11.6 months
(95% CI, 9.5–20)
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Figure 1. 
Consort diagram (A), waterfall plot (B), spider plot (C), PFS (D), swimmer’s plot (E), and OS (F) for atezolizumab and bevacizumab. 
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(10%), infection (10%), abdominal pain (5%), lymphopenia (5%), 
neutropenia (5%), anemia (5%), encephalopathy (5%), fistula for-
mation (5%), hypercalcemia (5%), venous thromboembolism (5%), 
and treatment-related myelodysplastic syndrome (5%)—all grades 3. 
It was the same patient who developed an enterocutaneous fistula 
from the site of the previously irradiated anal tumor, which became 
colonized with bacteria from stool and led to infection with abscess 
development and sepsis. Adverse events across all grades are listed 
in Supplementary Table S5. 

Dynamic gene expression signatures associated with survival 
Genes demonstrating significant differential changes in expres-

sion, relative to baseline expression levels, following treatment with 
atezolizumab and bevacizumab were observed according to “fa-
vorable” or “unfavorable” PFS (defined as PFS greater than or less 
than 6 months, respectively; Fig. 2A) and OS (defined as OS greater 
than or less than 12 months, respectively; Fig. 2B). Prolonged PFS 
and OS alike were associated with posttreatment increased expres-
sion of CYP4F11, EPHX2, FUCA1, FADH2A, AMT, OXER1, STAB2, 
DTX1, IL17RB, EYS, and GLS2 (Supplementary Fig. S1A). Alter-
natively, unfavorable survival outcomes for both PFS and OS cor-
related with increases in expression of genes linked with tumor 
suppression (RPR15, PPPIR2, and PDCD5), TGF-β regulation 
(IRX3), and centromere stabilization (GGCT and CENPW). Im-
munologic genes with increased expression after atezolizumab and 
bevacizumab that were associated with prolonged PFS (but not OS) 
included EGR1 and TNFRSF17 (Supplementary Fig. S1B). Expres-
sion in genes affecting antigen processing (HLA-DMA), chemokine 
signaling (IL17RB), T-cell regulation (STAT4), and NK cell function 
(KLRC2) was increased after atezolizumab and bevacizumab for 
those with prolonged OS (Supplementary Fig. S1C). 

We evaluated pathways associated with prolonged survival 
according to relative changes in gene expression by comparing on- 
and pretreatment gene expression signatures. A PFS greater than 
6 months was associated with an increase in immune activation 
gene signatures including “IFN-γ response” and “inflammatory re-
sponse” (Fig. 2C). PFS less than 6 months was correlated with 
dynamic increases in “hypoxia,” “p53 pathway,” “DNA repair,” 
“G2M checkpoint,” and “E2F targeting” signatures. To investigate 
further the relative immune contributions, we applied bioinformatic 
analyses to evaluate specific immune cell signatures associated with 

survival outcomes. As seen in Fig. 2D, increases in “T-cell func-
tion,” “B-cell function,” and “NK cell function” were all observed in 
paired biopsies for participants with metastatic anal cancer experi-
encing longer PFS with atezolizumab and bevacizumab, whereas 
shorter PFS was linked to increases in “DNA damage repair” and 
“hypoxia signaling” signatures. 

Similarly, prolonged OS beyond 12 months was associated with 
dynamic increases in immune signatures like “IFN-γ response,” 
“allograft rejection,” “complement,” and “inflammatory response” 
(Fig. 2E). Unique immune cell gene expression signatures in this 
subgroup that significantly increased after study treatment included 
“B-cell function,” “NK cell function,” and “T-cell function,” as well 
as “complement,” “antigen processing,” and “chemokine” signatures 
(Fig. 2F). 

Changes in immune infiltrates with atezolizumab and 
bevacizumab 

Paired tumor tissue collected from pre- and on-treatment biop-
sies was available for 10 study participants. In an exploratory 
analysis, we evaluated changes in immune biomarkers using mIF 
following treatment with atezolizumab and bevacizumab. Those 
with dynamic increases in proportions of CD3+CD8+PD1+ T cells 
within the tumor microenvironment (Fig. 3A and B for represen-
tative pretreatment and on-treatment prevalence, respectively) experi-
enced improved PFS (6.1 vs. 4.2 months; P ¼ 0.02; Fig. 3C). Likewise, 
changes in CD3+FoxP3+ T cells from pre- and on-treatment samples 
were examined (Fig. 3D and E, respectively). In this study, decreases in 
FoxP3+CD3+ T cells in relation to PD1+CD3+ T cells were linked to 
prolonged PFS (8.5 vs. 4.2 months; P ¼ 0.04; Fig. 3F). 

Mutation profiling in relation to immunotherapy response 
Whole-exome sequencing was performed on pretreatment biop-

sies. All tumors had multiple somatic alterations (Fig. 4A). Most 
variations were missense mutations (Supplementary Fig. S2A) al-
though the majority of tumors had frameshift deletions. The median 
tumor mutation burden (TMB) was 6.6 mutations (IQR, 2.8) per 
megabase of DNA sequenced (Supplementary Fig. S2B). We eval-
uated any association between OS and TMB by comparing out-
comes for patients with tumors harboring a TMB higher versus 
lower than the median TMB. As seen in Supplementary Fig. S2C, 
there was no significant PFS benefit for atezolizumab and bev-
acizumab linked with higher TMB (4.2 vs. 4.3 months; HR, 0.77; 
95% CI, 0.28–2.1; P ¼ 0.60), nor was there any difference in OS 
(10.7 vs. 11.7 months; HR, 0.63; 95% CI, 0.24–1.7; P ¼ 0.35) 
according to TMB (Supplementary Fig. S2D). 

We also analyzed these data according to the involved pathways 
for each mutation detected. Affected pathways with relevant mu-
tations in at least 25% of anal cancers (Supplementary Fig. S3A) 
included NOTCH (90%), Hippo (85%), RTK-RAS (85%), Wnt 
(75%), PI3K (40%), Myc (25%), and TP53 (25%). For most of the 
tumors (Supplementary Fig. S3B), multiple aberrations for each 
pathway co-occurred and included alterations in oncogenes (blue) 
and tumor suppressor genes (red) alike. 

Copy number variations linked to survival outcomes 
Baseline tumor specimens collected from pretreatment biopsies 

were evaluated for copy-number changes (relative to germline se-
quencing of unaffected normal cells in matched patients). Overall, 
mRNA expression positively correlated with copy-number varia-
tions for the majority of genes sequenced (Supplementary Fig. S4A). 
For the samples analyzed for this clinical trial, anal cancers were 

Table 2. Summary of adverse events. 

Toxicity, number (%) Grade 3 Grade 4 Grade 5 

Abdominal pain 1 (5) 
Abscess 1 (5) 
Absolute lymphocyte count (decreased) 1 (5) 
Absolute neutrophil count (decreased) 1 (5) 
Anemia 1 (5) 
Bowel perforation 1 (5) 
Encephalopathy 1 (5) 
Fistula 1 (5) 
Hypertension 2 (10) 
Infection 2 (10) 
Potassium (increased) 1 (5) 
Sepsis 1 (5) 
Sodium (decreased) 4 (20) 
Thromboembolic event 1 (5) 
Treatment-related MDS 1 (5) 
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characterized by loss of 3p and 11q chromosome segments and 
gains in chromosome 3q (Fig. 4B). Based on these findings, we next 
evaluated any relationship between copy number change for indi-
vidual genes and survival outcomes. Of interest, a group of genes on 
chromosome 4q with increased copy number was associated with 
significantly prolonged PFS and OS alike (Supplementary Fig. S4B). 
These included tumor suppressor genes such as FBXW7, TET2, and 
FAT4, and antitumor immune genes such as IL2. 

SBS score as prognostic biomarker for metastatic anal cancer 
Unsupervised clustering was performed from whole-exome se-

quencing data on baseline treatment specimens to evaluate differ-
ences in SBS signatures (Supplementary Fig. S5A). There were three 
clusters individually characterized by higher SBS-2 (activity of 
APOBEC; ref. 36), SBS31 (platinum chemotherapy treatment; ref. 
37), and SBS-1 (clocklike signature; ref. 38), respectively (Fig. 4C). 
Mean (± SD) SBS31 scores were significantly higher for cluster 2 
(0.60 ± 0.14; Fig. 4D) than for cluster 1 (0.24 ± 0.04; P < 0.001) and 
for cluster 3 (0.32 ± 0.11; P ¼ 0.003). For these patients, despite no 
difference in median PFS (Supplementary Fig. S5B), cluster 
2 seemed to be the least favorable prognostically (Supplementary 
Fig. S5C), with a significantly shorter median OS to atezolizumab 
and bevacizumab than the most favorable cluster 1 (19.2 vs. 
7.6 months; HR, 6.3; 95% CI, 1.2–32; P ¼ 0.01). To evaluate more 
specifically SBS31 as a prognostic biomarker, we compared median 
OS for patients with metastatic anal cancer above or below the 
median score. Although SBS31 was not associated with prolonged 
PFS (4.2 vs. 4.4 months; P ¼ 0.54; 95% CI, 0.19–1.5) for study 
treatment (Supplementary Fig. S5D), a trend toward prolonged OS 

(Fig. 4E) was observed for the cohort with a lower SBS31 signature 
(15.3 vs. 10.1 months; HR, 0.4; 95% CI, 0.5–1.1; P ¼ 0.07). Inter-
estingly, when we evaluated survival outcomes according to whether 
participants did (N ¼ 10) or did not (N ¼ 10) experience tumor 
shrinkage with platinum chemotherapy prior to study participation, 
we did not observe any difference in PFS (4.2 vs. 4.3 months; HR, 
0.34; 95% CI, 0.34–2.46; P ¼ 0.85) or OS (12.1 vs. 9.6 months; HR, 
0.65; 95% CI, 0.25–1.68; P ¼ 0.37). This finding supports 
SBS31 as a potential unfavorable prognostic biomarker inde-
pendent of clinical history for patients with metastatic anal 
cancer receiving immunotherapy. 

Discussion 
In this pilot, single-arm study of patients with unresectable and/ 

or metastatic HPV-associated anal cancer, we observed clinical ef-
ficacy in a small number of patients using an immunotherapy 
combination targeting PD-L1 and VEGF. The addition of an anti- 
VEGF antibody to immune checkpoint blockade therapy did not 
seem to improve treatment outcomes relative to other clinical trials 
that have evaluated anti–PD-L1 antibodies as monotherapy for 
patients with previously treated metastatic anal cancer. In those 
studies (10–13), agents such as pembrolizumab, nivolumab, dur-
valumab, and retifanlimab were reported to have ORRs ranging 
between 10% and 24% and median PFS between 2 and 4 months. 
With an ORR of 11% and median PFS of 3.9 months, the addition of 
bevacizumab to immune checkpoint blockade does not seem to 
improve patient survival beyond historical precedent with anti–PD-L1 
therapies alone or in combination with other targets for the treatment 
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of advanced/unresectable anal cancer. Treatment outcomes were 
further tempered by a side effect profile for grade 3 or higher 
treatment-related adverse events occurring in more than one third of 
study participants and notable for grade 5 bowel perforation and 
another with secondary myelodysplastic syndrome. Several grade 3+ 
toxicities such as abscess, infection, sepsis, and fistula that we ob-
served here have not been reported as commonly in other phase III 
trials of other solid tumors treated with the same combination of 
atezolizumab and bevacizumab. However, these treatment-related 
AEs that we report in this study likely reflect the differing anatomic 
localization of the primary anal cancer within the stool-/bacteria- 
colonized distal gastrointestinal tract, which became susceptible to the 
infectious complications described. 

Our work here is the first discovery-oriented analysis of paired 
biopsies of metastatic anal cancer collected prospectively for an 
immunotherapy clinical trial. Although other series had evaluated 
pretreatment biopsies only for associations with response to im-
munotherapy, we report for the first time dynamic changes within 
the tumor microenvironment by comparing biomarker signatures 
before and after treatment with atezolizumab and bevacizumab. In 
this study, we observed that prolonged survival outcomes were 
observed in those patients with tumors demonstrating increases in 
immune activation gene expression profiles—e.g., IFN-γ and in-
flammatory response profiles. These findings are consistent with 
previous reports that associated clinical benefit with immune 
checkpoint blockade to similar gene expression signatures of im-
mune induction phenotype in other advanced solid tumors such as 
melanoma (39) and urothelial carcinoma (40). In a novel discovery, 
our data support a hypothesis that immunotherapy may effectively 
induce changes within the tumor microenvironment following 
treatment with atezolizumab and bevacizumab, which promote 
prolonged survival for patients with metastatic anal cancer. Gene 
expression signatures linked to specific immune cell types—not only 
T cells but also B cells and NK cells—were likewise increased after 

treatment preferentially in patients with greater survival benefit. 
Induction of multiple antitumor immune cell phenotypes beyond 
T cells, as supported by these findings, is a novel immune-based 
treatment approach that leverages B or NK cell–mediated cytotox-
icity against advanced anal cancer and is thereby plausible. 

Our mIF results further reinforce a hypothesis that immune ac-
tivation within the tumor microenvironment correlates with im-
proved outcomes with immunotherapy for patients with metastatic 
anal cancer. Recruitment of PD1+CD8+ cytotoxic T cells and re-
duction of FoxP3+ (immune-suppressing) immune cells within the 
tumor microenvironment were observed for patients with PFS ex-
ceeding 6 months with atezolizumab and bevacizumab. This is a 
pattern of response with immune checkpoint blockade in other solid 
tumors but heretofore undescribed for metastatic anal cancer. 

Although biomarkers associated with response to immunother-
apy have been reported for anal cancer, in this study, most patients 
unfortunately did not experience therapeutic benefit from this 
combination of agents. Of interest, relative copy-number gains in 
KDR, PDGFRα, and KIT (all on chromosome 4q) were seen in more 
than half of the tumors of patients with better outcomes. Although 
targeting VEGF with bevacizumab alone did not seem effective, it is 
possible that these findings from these discovery-oriented analyses 
support further exploration of multikinase inhibitors that block 
these targets. 

Characterization of negative prognostic biomarkers to immuno-
therapy remains poorly defined for incurable anal cancer. In this 
study, gene expression profiling demonstrated increases in the 
p53 and cell-cycle (“mitotic spindles,” “G2M checkpoint,” and “E2F 
targets”) pathways linked to shorter survival outcomes following 
treatment with atezolizumab and bevacizumab in patients with 
metastatic anal cancer. Notably, these pathways are targets of the 
HPV oncoproteins E6 and E7, which promote aberrant tumor cell 
survival and proliferation via blockade of p53 (41) and Rb (42), 
respectively. Therefore, anal cancers characterized by increased 
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activity of these known virally mediated oncogenic drivers may 
promote a lack of response to immunotherapy against HPV-positive 
anal cancer. 

A higher TMB in our study was not linked to prolonged survival 
with atezolizumab and bevacizumab, consistent with the KEY-
NOTE-158 finding that reported no improvement in response to 

pembrolizumab for TMB high versus TMB low (7% vs. 11%, re-
spectively; ref. 43). This finding was not surprising given the low 
tumor mutation burden intrinsic to anorectal squamous cell cancers 
(44). One novel finding from whole-exome sequencing was the 
identification of the SBS31 signature as a poor prognostic biomarker 
for patients with metastatic anal cancer treated with immunotherapy. It 
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is possible that this SBS31 signature, associated with exposure to prior 
platinum chemotherapy, may modulate the anal cancer microenvi-
ronment and predispose these tumors to a de novo lack of response to 
immunotherapy. Based upon a preceding phase II trial (45), the com-
bination of carboplatin with paclitaxel is the most accepted first-line 
regimen for the treatment of metastatic/unresectable anal cancer, and 
relatively low rates of immunotherapy in the second-line setting and 
beyond, as reported here, may be influenced by prior receipt of plati-
num chemotherapy. Results from ongoing trials such as EA2176 
(NCT04444921) and POD1UM-303 (NCT04472429) evaluating anti– 
PD-1 therapies in combination with cytotoxic chemotherapy doublets 
as first-line treatment for incurable anal cancer are awaited and may 
overcome this potential negative influence of prior chemotherapy in 
muting clinical benefit to immune checkpoint blockade. 

We recognize the limitation that recruitment with a small cohort 
size to our single-institution clinical trial conducted at a large aca-
demic referral institution may not reflect the generalized population 
of patients diagnosed with metastatic anal cancer. Given the small 
sample size in this trial, it is possible that biomarkers reported in 
association with survival are prognostic in nature and do not predict 
response to targeted therapies against PD-L1 and VEGF together. 
We did collect biopsies from all study participants in this trial of an 
orphan malignancy, and analyses of paired biopsies, as reported 
here, offer novel insights heretofore unreported about the novel 
evolution of the anal cancer microenvironment following treatment 
with an immunotherapy combination, results confirmed even after 
correction for multiple comparisons. 

In summary, the addition of bevacizumab to atezolizumab did 
not augment clinical benefit for patients with HPV-positive, unre-
sectable, or metastatic anal cancer. Although considerable toxicity 
was noted for this combination, dual targeting of PD-L1 and VEGF 
does not seem to be an effective option in this context. Our findings 
do provide rationale, however, that support investigation of novel 
immunotherapy approaches for maximal promotion of immune 
activation to improve survival outcomes for patients with metastatic 
anal cancer. 
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