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Abstract 

Aims:  Anal cancer is primarily treated using concurrent chemoradiotherapy (CRT), with conformal techniques such 
as intensity modulated radiotherapy (IMRT) and volumetric arc therapy (VMAT) now being the standard techniques 
utilised across the world. Despite this, there is still very limited consensus on prognostic factors for outcome follow‑
ing conformal CRT. This systematic review aims to evaluate the existing literature to identify prognostic factors for a 
variety of oncological outcomes in anal cancer, focusing on patients treated with curative intent using contemporary 
conformal radiotherapy techniques.

Materials and methods:  A literature search was conducted using Medline and Embase to identify studies reporting 
on prognostic factors for survival and cancer-related outcomes after conformal CRT for anal cancer. The prognostic 
factors which were identified as significant in univariable and multivariable analysis, along with their respective factor 
effects (where available) were extracted. Only factors reported as prognostic in more than one study were included in 
the final results.

Results:  The results from 19 studies were analysed. In both univariable and multivariable analysis, N stage, T stage, 
and sex were found to be the most prevalent and reliable clinical prognostic factors for the majority of outcomes 
explored. Only a few biomarkers have been identified as prognostic by more than one study – pre-treatment biopsy 
HPV load, as well as the presence of leukocytosis, neutrophilia and anaemia at baseline measurement. The results also 
highlight the lack of studies with large cohorts exploring the prognostic significance of imaging factors.

Conclusion:  Establishing a set of prognostic and potentially predictive factors for anal cancer outcomes can guide 
the risk stratification of patients, aiding the design of future clinical trials. Such trials will in turn provide us with greater 
insight into how to effectively treat this disease using a more personalised approach.

Keywords:  Systematic review, Anal cancer, Squamous cell carcinoma, Conformal radiotherapy, IMRT, VMAT, Cancer 
outcomes, Survival outcomes, Prognostic factors
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Background
First reported in 1974 by Nigro et al. [1] and established 
by two phase III trials [2, 3], concurrent chemoradiother-
apy (CRT) is the current standard of care for localised 
anal squamous cell carcinoma (ASCC). The introduction 
of three-dimensional conformal radiotherapy (3D-CRT), 
intensity modulated radiotherapy (IMRT) and latterly 
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volumetric arc therapy (VMAT) [4] has allowed for sub-
stantial reduction in dose to pelvic organs at risk (OAR) 
and associated toxicity, with far fewer unplanned treat-
ment breaks as a result. The current UK standard for 
anal cancer comprises of IMRT/VMAT and concurrent 
chemotherapy with 5-fluorouracil (5-FU) or capecitabine 
and mitomycin C (MMC), with surgery reserved as sal-
vage treatment [5].

Anal cancer is a rare cancer, and only a handful of late 
phase clinical trials have been conducted over the last 
four decades [2, 3, 6–9]. Other than the single arm phase 
II RTOG 0529 [10] trial, these trials were conducted 
prior to widespread adoption of conformal radiotherapy 
techniques, such as 3D-CRT or IMRT/VMAT. Similarly, 
much of the published literature on prognostic factors in 
anal cancer consists of retrospective series, often small 
cohorts [11, 12] or cohorts of patients treated with older 
techniques [13, 14]. No systematic review of studies iden-
tifying prognostic factors after treatment with conformal 
radiotherapy has previously been conducted.

Despite advances in radiotherapy planning and deliv-
ery, locoregional control remains challenging, and 
patients usually fail locoregionally before getting meta-
static disease. A UK multi-centre retrospective review 
by Shakir et  al. [15] analysed 385 anal cancer patients 
treated with contemporary radiotherapy techniques, and 
demonstrated a 85.6% three-year overall survival. Initial 
complete clinical response rates were high at 86.7%, but 
over time 24.4% of patients relapsed, with the majority of 
relapses (83.4%) being local.

Establishing risk factors for oncological outcomes, 
in particular locoregional control following conformal 
chemoradiotherapy, could help optimise future treatment 
strategies and aid in the design and analysis of new clini-
cal trials [16]. A consensus on prognostic factors could 
inform research by determining specific patient risk 
groups and the development of personalised treatment 
approaches, tailored to individual patient characteristics 
[17], and/or the introduction of novel agent combina-
tions. This systematic review evaluates the literature to 
identify prognostic factors for a variety of disease-related 
outcomes in anal cancer, focusing on patients treated 
with curative intent using conformal radiotherapy tech-
niques and contemporary treatment schedules.

Methods
A systematic review was undertaken according to 
PRISMA 2020 [18]. A comprehensive literature search 
was conducted using the Medline and Embase databases, 
to identify studies reporting on prognostic factors for 
survival and cancer-related outcomes after conformal 
chemoradiotherapy for anal cancer. The search terms 
included ‘radiotherapy’ AND ‘anal cancer’ AND 

‘prognostic factor’, as well as related terms (see Appendix 
A for the full search strategies). Only studies published 
after 1st January 2000 and up to and including 30th June 
2020 were considered. An initial scoping search showed 
that no studies conducted prior to 2000 had a majority of 
patients treated using conformal techniques.

Studies were included if they: (1) comprised of at least 
70% of patients treated with solely conformal radiother-
apy techniques (3D-defined targets on CT, beams con-
formed to targets e.g. using multileaf collimators, 3D 
dose calculation and dose distribution optimisation), (2) 
reported survival or disease-related outcomes and (3) 
examined prognostic factors for outcomes using uni-
variable (UVA) or multivariable (MVA) analysis. Studies 
were excluded if (1) patients were treated with 2D radio-
therapy techniques and/or fields based solely on bony 
landmarks, if (2) cohorts included less than 100 patients 
or (3) were derived from population-level databases, or 
if (4) treatment with palliative intent. The cut-off of 100 
patients was chosen to ensure that the prognostic factors 
identified are generalisable and to decrease the likelihood 
of identifying spurious prognostic factors from studies 
that suffer from small sample size bias. All (5) meta-anal-
ysis studies, reviews, animal model studies, conference 
abstracts/letters and studies without English translation 
were also excluded.

Two independent reviewers (ST and RS) screened 
and reviewed all relevant articles. A third independ-
ent reviewer (AA) assisted in reconciling differences 
in cases of disagreement. One reviewer (ST) extracted 
and analysed data from all relevant articles, including: 
study location, publication year, study design, source of 
participants, participant selection criteria, number of 
patients included, treatment period, radiotherapy tech-
nique administered, radiotherapy schedule, chemother-
apy regimen, follow-up procedure, core clinical/patient 
characteristics, outcomes reported/definitions, statisti-
cal analysis used, prognostic variables tested, prognos-
tic variables identified as significant and corresponding 
effect estimates. An independent reviewer (RS) repeated 
the data extraction from a subset (20%) of all relevant 
articles to ensure that the data extraction process was 
reproducible. The methodological quality of all relevant 
articles was assessed independently by two reviewers (ST, 
RS) using the National Institutes of Health (NIH) Qual-
ity Assessment Tool for Case Series Studies [19]. Any 
disagreements were reviewed independently by a third 
reviewer (AA) to achieve consensus.

Reported outcomes and outcome definitions were 
extracted from each study and stratified into nine cat-
egories for further analysis. Disease activity and survival 
outcomes were firstly grouped according to the COR-
MAC review [20], which was used as the initial reporting 
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framework for outcome stratification. Additional cat-
egories were inductively derived after the data extraction 
process.

For each study, factors analysed for their prognostic 
impact were extracted, whether they were shown to have 
a significant relationship with outcome, and the statistical 
method used for analysis. The factors were grouped into 
three broader categories: clinical factors, biomarkers and 
imaging factors. The total number of times a factor was 
tested in UVA for each of the nine outcomes was counted 
across all studies. Where factors tested were not reported 
explicitly, it was assumed that all reported patient char-
acteristics were tested. Prognostic factors which were 
identified as significant in each study, along with their 
respective factor effect in the form of hazard ratios (HRs) 
were extracted (where available), and the proportion of 
times each factor was identified as prognostic for each 
outcome was calculated. Since the majority of studies did 
not report which factors were tested in MVA for each 

distinct outcome, the total number of times each fac-
tor was tested could not be counted. Therefore, only the 
prognostic factors and their respective factor effects were 
extracted. Only factors reported as prognostic in more 
than one study were included in the final results.

Results
Literature search
1567 studies published between 1st January 2000 and 30th 
June 2020 were identified, 404 of which were duplicates. 
Titles and abstracts of 1163 unique studies were screened. 
1021 were excluded and the final 142 studies assessed for 
eligibility, of which 123 were excluded after reviewing 
the full text. 48 studies employed non-conformal radio-
therapy techniques in more than 30% of patients. Other 
main factors for exclusion were sample size less than 100 
(n = 29) and incomplete reporting on the radiotherapy 
technique (n = 21). Ultimately, 19 studies [15, 21–38] 
were included in this literature review (Fig. 1).

Fig. 1  PRISMA flow diagram depicting the number of studies that were identified, included and excluded, and the reasons for exclusion



Page 4 of 12Theophanous et al. BMC Cancer          (2022) 22:607 

Study characteristics
Included studies were retrospective case series (n = 19), 
either single institutional (n = 10) or multi-institutional 
(n = 9). Patients were treated between 1989–2018 with 
median follow-up range of 14.9–70.0 months. The most 
common radiotherapy techniques employed were a com-
bination of 3D-CRT and IMRT/VMAT (n = 9), followed 
by IMRT only (n = 6). Dose ranged from 45 Gy/25 frac-
tions to 63 Gy/35 fractions and chemotherapy regimens 
were mainly MMC and 5-FU based, with three studies 
including the option of cisplatin. Statistical techniques 
for UVA were log-rank tests (n = 12) and univariable Cox 
regression (n = 9), with four studies using both. Multi-
variable Cox regression was applied for MVA in all but 
one study, which used logistic regression instead. Regard-
ing quality, 16 were deemed good and three deemed fair 
(Appendix B). A short follow-up (of less than 36 months, 
as used for the primary endpoint in the PLATO trial [17]) 
was a common issue in eight studies. Due to the lack 
of universal reporting of effect sizes for prognostic fac-
tors, it was not possible to carry out a meta-analysis on 
the data. Table 1 presents the main characteristics for all 
included studies (Appendix C presents a more detailed 
version including information on cancer subtype and 
location in the included cohorts, TNM staging version 
used and all predictors tested).

Outcomes
Outcome definitions varied considerably. Appendix D 
presents the definitions extracted from each study and 
how they were categorised. Nine outcome categories 
were used: three disease activity (freedom-from-disease, 
locoregional failure (LRF) and distant failure) as well as 
six survival categories (overall survival (OS), disease-
free survival (DFS), colostomy-free survival (CFS), 
cancer-specific survival, local failure-free survival and 
metastasis-free survival (MFS)). Disease-free survival 
and progression-free survival were grouped together, as 
definitions overlapped in most papers. Local and regional 
failures were grouped with locoregional failures, due to 
the small number of studies reporting only on the lat-
ter. Freedom-from-disease, a category which was not 
included in CORMAC, was devised in order to include 
definitions of time-to-recurrence, time-to-failure (not 
specified as local, regional or distant) and disease-free 
survival where death was not considered an event. Com-
monly investigated outcomes were OS (n = 17), LRF 
(n = 11) and DFS (n = 11). Appendix E lists all outcomes 
reported, along with all factors tested.

Clinical prognostic factors
Table  2 presents clinical factors identified as prognostic 
for each outcome in more than one study, categorised 

by UVA and MVA. For prognostic factors identified in 
MVA, the range of factor effects (HRs) across studies 
is also reported. Eight unique prognostic factors were 
established by more than one study in UVA and seven in 
MVA (See Appendix F for full results).

In UVA, T stage, N stage and sex were the most com-
monly tested factors for all seven outcomes for which 
prognostic factors were identified (Table 1). T stage was 
prognostic for all outcomes; in 56% of the studies that 
tested it for OS, in 64% for LRF, in 40% for DFS, in 100% 
for MFS, in 67% for freedom-from-disease, in 75% for 
CFS and in 67% for cancer-specific survival. Similarly, 
N stage was prognostic for six of seven outcomes. It was 
prognostic in 63% of the studies testing for OS, in 64% for 
LRF, in 44% for DFS, in 100% for MFS, in 100% for free-
dom-from-disease and in 67% for cancer-specific sur-
vival. The third most identified prognostic factor in UVA 
was sex. It was prognostic for five of the seven outcomes, 
in 58% of the studies that tested it for OS, in 56% for LRF, 
in 63% for DFS, in 50% for MFS and in 67% for freedom-
from-disease. Performance status was also identified as 
prognostic in 75% of the studies that tested it for OS, and 
in 100% of studies that tested it for LRF.

In MVA, sex retained its prognostic significance, 
appearing as the predominant prognostic factor for six of 
the seven outcomes, altogether identified in nine studies 
[15, 21, 22, 25, 27–29, 35, 37]. Other commonly identi-
fied prognostic factors included higher T stage (OS, DFS, 
MFS and CFS; identified in seven studies [21–23, 26, 28, 
34, 37]) and higher N stage (OS, LRF, DFS, MFS; iden-
tified in seven studies [15, 21, 23, 25, 26, 30, 36]). The 
rest of the factors were identified as prognostic for a sin-
gle outcome only; age and AJCC stage for OS, as well as 
incomplete/interrupted radiotherapy and performance 
status for LRF.

Biomarkers and imaging prognostic factors
A smaller number of studies (n = 8) examined the prog-
nostic significance of biomarkers [25, 27–30, 35, 36, 38]. 
Only four unique biomarkers were deemed prognostic 
overall by more than one study in both UVA and MVA 
(Table 3 and Appendix G).

In UVA, HPV16 load from pre-treatment biopsies was 
found to be prognostic for OS (2/3 – 67% of studies [27, 
28]) and for LRF (2/3 – 67% of studies [27, 28]), whereas 
the presence of baseline neutrophilia (circulating blood 
neutrophil count of more than 7500/mm3 in one study 
and more than 7G/L in the second study) was found to 
be prognostic for OS (2/2 – 100% of studies [29, 36]) and 
DFS (2/2 – 100% of studies [29, 36]). Additionally, base-
line anaemia (haemoglobin count < 13 g/dL) was deemed 
prognostic for OS only (2/2 – 100% of studies [29, 36]) 
and the presence of baseline leukocytosis markers (white 
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Table 2  Clinical factors identified as prognostic for worse outcomes by more than one study

Univariable analysis

Outcome
(number of studies reporting outcome)

Factor Times identified as 
prognostic

Total times tested Studies which identified factor 
as prognostic

Overall survival
(n = 17)

Higher N stage 10 16 [15, 21, 22, 25–28, 35, 36, 38]

Higher T stage 9 16 [15, 21, 22, 27, 28, 35–38]

Male sex 7 12 [15, 21, 25, 27–29, 37]

Worse performance status 3 4 [15, 29, 38]

Older age 3 4 [24, 27, 37]

Incomplete/interrupted RT or breaks 2 2 [15, 24]

Longer CRT duration 2 5 [36, 38]

Locoregional failure
(n = 11)

Higher N stage 7 11 [15, 21, 26–28, 30, 38]

Higher T stage 7 11 [15, 21, 26–28, 32, 38]

Male sex 5 9 [15, 21, 27–29]

Worse performance status 4 4 [15, 24, 29, 38]

Longer CRT duration 2 2 [32, 38]

Disease-free survival (n = 11) Male sex 5 8 [21, 27, 29, 30, 37]

Higher N stage 4 9 [21, 22, 27, 30]

Higher T stage 4 10 [21, 22, 28, 37]

Metastasis-free survival
(n = 5)

Higher T stage 5 5 [21, 22, 30, 35, 36]

Higher N stage 4 4 [21, 30, 35, 36]

Male sex 2 4 [21, 30]

Freedom from disease
(n = 4)

Higher N stage 4 4 [15, 28, 31, 38]

Male sex 2 3 [15, 28]

Higher T stage 2 3 [15, 38]

Colostomy-free survival
(n = 4)

Higher T stage 3 4 [22, 26, 37]

Cancer-specific survival
(n = 3)

Higher T stage 2 3 [35, 38]

Higher N stage 2 3 [35, 38]

Multivariable analysis

Outcome
(number of studies reporting outcome)

Factor Times identified as 
prognostic

Factor effect range 
(HR)

Studies which identified factor 
as prognostic

Overall survival
(n = 17)

Male sex 7 1.92 – 4.80 [15, 21, 25, 27–29, 37]

Higher T stage 3 2–88 – 4.98 [22, 34, 37]

Older age 3 1.05 – 2.43 [24, 37]

Higher N stage 3 1.88 – 5.80 [25, 26, 36]

Higher AJCC stage 2 2.23 – 2.82 [22, 38]

Locoregional failure
(n = 11)

Male sex 4 2.08 – 3.40 [15, 21, 27, 29]

Higher N stage 3 2.23 – 3.58 [15, 21, 30]

Incomplete/interrupted RT or breaks 2 2.47 – 4.96 [15, 22]

Worse performance status 2 3.82 – 5.50 [24, 29]

Disease-free survival
(n = 11)

Male sex 4 2.13 – 3.60 [21, 27, 29, 37]

Higher T stage 3 2.57 – 7.02 [22, 23, 37]

Higher N stage 2 N/A* [21, 23]

Metastasis-free survival
(n = 5)

Male sex 2 3.87 – 4.08 [21, 23]

Higher T stage 2 2.61 – 3.54 [21, 22]

Higher N stage 2 2.41 – 4.49 [21, 30]

Freedom from disease
(n = 4)

Male sex 2 2.16 – 2.16 [15, 28]

Colostomy-free survival
(n = 4)

Higher T stage 3 3.65 – 4.10 [22, 26, 37]

These clinical factors were identified through univariable and multivariable analysis, and were stratified by outcome. A number of studies reported on “gender”, 
however this was analysed in conjunction with “sex” throughout the study, since “sex” is used when reporting on biological factors instead of gender identity, or 
psychosocial or cultural factors. HR Hazard Ratio, N/A Not available. *Factor effects (HRs) were provided by only one study for this prognostic factor, therefore the 
effect range could not be determined



Page 8 of 12Theophanous et al. BMC Cancer          (2022) 22:607 

blood cell count > 10,000/mm3 in one study and more 
than 10G/L in the second study) for DFS only.

In MVA, baseline neutrophilia retained its prognostic 
significance for both OS (two studies [29, 36]) and DFS 
(two studies [29, 36]), whereas HPV16 load retained its 
prognostic significance for LRF (two studies [27, 28]) 
only. Baseline leukocytosis was found to be prognostic 
for DFS (two studies [29, 36]) and for OS (two studies 
[29, 36]). Lastly, baseline anaemia was identified as prog-
nostic for DFS (two studies [29, 36]) only.

Only two studies [23, 33] investigated imaging-related 
prognostic factors. In UVA, one study [33] identified 
post-treatment PET-CT SUVmax (positron emission 
tomography and computed tomography maximum 
standardized uptake value) and change in SUVmax (pre- 
vs. post-treatment) to be prognostic for OS. The pre-
treatment and post-treatment SUVmax values were both 
found to be prognostic for local failure-free survival. In 
MVA, the post-treatment SUVmax and the change in 
SUVmax retained prognostic significance for OS. In the 
second study [23], a selection of radiomics markers were 
identified as prognostic for DFS (Appendix H). For local 
failure-free survival, only the high post-treatment SUV-
max was deemed prognostic in MVA (Appendix H).

Discussion
This systematic review summarises the findings from 
studies examining prognostic factors for anal cancer 
outcomes following CRT with contemporary confor-
mal radiotherapy techniques. By limiting our findings to 
studies with cohorts treated with conformal radiother-
apy techniques, we aimed to ensure that the prognostic 
factors identified are the most informative to current 
practice and are representative of the more prevalent 
HPV-driven biology and the higher survival rates which 
have been observed in the past few years. N stage, T 
stage, and sex were established as the most prevalent 
and reliable clinical prognostic factors for the majority 
of outcomes explored, in both UVA and MVA. Few bio-
markers have been identified as prognostic by more than 
one study: pre-treatment biopsy HPV load, as well as the 
presence of leukocytosis, neutrophilia and anaemia at 
baseline measurement. The review also highlighted the 
lack of studies with large cohorts exploring the prognos-
tic significance of imaging factors.

Due to the rarity of anal cancer, only few randomised 
prospective clinical trials have been conducted to date; 
none of which have employed conformal radiother-
apy techniques and reported on prognostic factors. 
Reports from randomised trials using non-conformal 

Table 3  Biomarkers identified as prognostic for worse outcomes by more than one study

These biomarkers were identified through univariable and multivariable analysis and were stratified by outcome. HPV human papillomavirus, HR Hazard ratio

Univariable analysis
Outcome
(number of studies reporting outcome)

Factor Times identified 
as prognostic

Total times tested Studies which 
identified 
factor as prog-
nostic

Overall survival
(n = 17)

Lower HPV16 load 2 3 [27, 28]

Neutrophilia 2 2 [29, 36]

Anaemia 2 2 [29, 36]

Locoregional failure
(n = 11)

Lower HPV16 load 2 3 [27, 28]

Disease-free survival
(n = 11)

Leukocytosis 2 2 [29, 36]

Neutrophilia 2 2 [29, 36]

Multivariable analysis
Outcome
(number of studies reporting outcome)

Factor Times identified 
as prognostic

Factor effect range (HR) Studies which 
identified 
factor as prog-
nostic

Overall survival
(n = 17)

Leukocytosis 2 4.60 – 19.90 [29, 36]

Neutrophilia 2 4.40 – 22.70 [29, 36]

Locoregional failure
(n = 11)

Lower HPV16 load 2 3.57 – 4.51 [27, 28]

Disease-free survival
(n = 11)

Leukocytosis 2 6.90 – 7.10 [29, 36]

Neutrophilia 2 5.00 – 7.60 [29, 36]

Anaemia 2 2.50 – 5.30 [29, 36]
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radiotherapy techniques support the prognostic role of N 
stage, T stage and sex [3, 39]. Male sex and a higher N 
stage were found to be strong prognostic indicators for 
worse OS [3, 40, 41], for higher risk of local failure [3, 
42] and LRF [41]. The prognostic role of T stage was less 
apparent, since higher T stage was only found to be prog-
nostic for worse OS [40] and local failure [42]. Our results 
suggest that a higher T stage is prognostic for higher risk 
of LRF in UVA, but not in MVA. Although the afore-
mentioned trials used highly standardised approaches 
and studied a relatively large number of patients, crude 
radiotherapy techniques were employed, therefore the 
prescribed and received radiotherapy doses are likely to 
differ significantly [43].

In terms of tumour biomarkers, HPV status is the 
strongest previously-established prognostic indicator 
in anal cancer [44, 45]. A previous study [46] also estab-
lished the prognostic significance of p16INK4A in anal 
cancer, a biomarker commonly used as a surrogate for 
HPV involvement. In line with these findings, our results 
confirm the prognostic role of pre-treatment biopsy 
HPV load in anal cancer. Treatment modification based 
on HPV status is currently being tested in a head and 
neck cancer clinical trial, where treatment is stratified 
based on the HPV status of the cancer [47]. Apart from 
HPV load, no other tumour biomarkers were identified 
as prognostic in this review. In terms of haematologi-
cal biomarkers, long-term outcome data from the ACT1 
randomised controlled trial reported that a higher base-
line white blood cell count is prognostic for worse OS 
[41], supporting our results (Table 3). Baseline anaemia, 
another haematological biomarker identified as prognos-
tic in our review, may carry important clinical implica-
tions. Although not predictive of OS in the ACT1 data, 
it was independently predictive of anal cancer death. In 
cervical cancer, another HPV-driven cancer, blood trans-
fusions are given if haemoglobin levels are below 10 g/dl 
prior to CRT and this may be an area of future clinical 
consideration in anal cancer treatment.

Due to the lack of studies exploring imaging factors, 
it is difficult to put our review findings into perspective. 
Future radiomics research in this setting should focus on 
multicentre cohorts; but we also noted the lack of sec-
ondary or explorative radiomics research from prospec-
tive trials. Further research in this area may for instance 
help identify tumour volumes of greater radiotherapy 
resistance for boosting.

Three other reviews have previously investigated prog-
nostic factors for anal cancer. One systematic review 
focused solely on biomarkers and did not include any 
information on general, pathological or treatment-related 
prognostic factors [48]. A second systematic review 
examined the prognostic factors for the specific subset 

of HIV-positive anal cancer patients undergoing highly 
active antiretroviral therapy (HAART) [49]. The third 
review [50] explored clinical, treatment-related as well as 
molecular prognostic factors, but was a narrative rather 
than a systematic review. None focused specifically on 
identifying prognostic factors for outcomes after confor-
mal radiotherapy.

The current work has several limitations. As anal can-
cer is rare, reports exploring this topic are often single-
centre studies with small cohorts, meaning that the 
power to identify relevant prognostic factors, especially 
factors with relatively limited effect size or with low prev-
alence, may be limited. Any factors identified and their 
effect estimates may suffer from small sample bias [51]. 
We opted for a sample size of 100 patients as the cut-off 
point, following an initial screen of available studies, in 
order to ensure that a reasonable number of studies could 
be included in the final analysis and the factors identi-
fied were generalisable. Through the initial screen, only 
43 studies which had cohorts of more than 20 patients 
were identified. If studies with 20–100 patients had been 
included, seven additional studies exploring biomark-
ers and 12 additional studies exploring imaging factors 
would have been considered, and a larger number of fac-
tors would potentially be identified as prognostic. Only 
few of the studies included in this review distinguished 
between cancers of the anal canal and perianal cancers 
(Appendix C). Therefore, it was not possible to identify 
prognostic factors for a specific tumour location or sub-
type. Additionally, the TNM staging version used var-
ied from the 6th edition to the 8th edition across studies 
(Appendix C) and some studies did not report the ver-
sion used at all. As a result, in this review all tumour and 
nodal staging information was analysed together, without 
accounting for the version used.

There was large variation in treatment regimens, fac-
tors tested and outcome definitions between studies. 
This renders the identification of prognostic factors for 
anal cancer challenging and highlights the need for uni-
form outcome definitions, not only in clinical trials and 
research, but also in routine clinical practice [52]. The 
studies themselves suffer from several limitations as well, 
especially in the statistical methodology. The majority 
of studies applied a univariable screening technique to 
select factors for MVA. Generally, univariable screen-
ing should be avoided for such analyses, as it invalidates 
the effect and significance estimates in MVA [53, 54], 
and more robust approaches should be used instead 
[53, 55]. Moreover, a considerable number of studies 
did not report on factor effects acquired from UVA or 
MVA, therefore we could not summarise factor effects 
across studies. Since a meta-analysis could not be con-
ducted, only a summary of factor effects is reported in 
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this review. Lastly, the proportion of times each factor 
was identified as prognostic, which is a better indicator 
of the reliability of the prognostic significance of a factor, 
could not be calculated from MVA results, due to a lack 
of detail about the total number of times each factor was 
tested for each outcome.

Overall, this study confirms the prognostic value of 
only few well-established clinical factors and biomark-
ers relevant to contemporary clinical practice. No novel 
prognostic factors have been identified. This emphasises 
the lack of studies with large cohorts treated with con-
formal radiotherapy that report on prognostic factors, 
especially studies exploring biomarkers and imaging fac-
tors. In spite of the remarkable advances in anal cancer 
treatment efficacy and the reduction of toxicity through 
conformal CRT, our understanding of the biomarker and 
imaging factors that predict the outcomes of this disease 
is still very limited. To tackle the challenge of prognostic 
factor identification, larger multi-institutional studies and 
prospective clinical trials would need to be conducted, 
not only on a national scale, but also on an international 
scale using approaches that link data across borders [56].

Conclusions
This systematic review confirms the following prognos-
tic factors for outcomes following anal cancer treatment 
with conformal CRT: T stage, N stage, sex, pre-treatment 
biopsy HPV load, as well as the presence of baseline leu-
kocytosis, neutrophilia and anaemia. The prognostic 
information presented can be used as a starting point for 
variable selection in future prognostic modelling stud-
ies. Additionally, by establishing a set of prognostic and 
potentially predictive factors for anal cancer outcomes, 
we may be able to stratify patients into risk groups in 
order to design more personalised clinical trials in the 
future. Radiotherapy dose modification based on risk by 
T and N stage is being evaluated in the currently recruit-
ing PLATO clinical trial [17], with translational research 
into prognostic biomarkers and imaging embedded 
within the trial design. This will in turn provide us with 
greater insight into how to effectively treat this disease 
using a more personalised approach.
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