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• Current global COVID-19 pandemic may cause treatment delay in cancer patient.
• Studies examining survival effect of CCRT wait-time in locally-advanced cervical cancer are limited.
• Median wait-time for starting CCRT was 6 weeks, and aggressive tumor factors were associated with short wait-time.
• With absence of aggressive tumor factors, short period of CCRT wait-time may not be associated with increased mortality risk.
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Objective. The current coronavirus pandemic caused a significant decrease in cancer-related encounters
resulting in a delay in treatment of cancer patients. The objective of this study was to examine the survival effect
of delay in starting concurrent chemo-radiotherapy (CCRT) in women with locally-advanced cervical cancer.

Methods. This is a retrospective observational study querying the National Cancer Database from 2004 to
2016. Women with stage IB2-IVA squamous cell carcinoma, adenocarcinoma, or adenosquamous carcinoma of
the uterine cervix who received definitive CCRT with knownwait-time for CCRT initiation after cancer diagnosis
were eligible (N=13,617). Cox proportional hazard regressionmodelwith restricted cubic spline transformation
was fitted to assess the association between CCRT wait-time and all-cause mortality in multivariable analysis.

Results. The median wait-time to start CCRT was 6 (IQR 4–8) weeks. In a multivariable analysis, older age,
non-Hispanic black and Hispanic ethnicity, recent year of diagnosis, Medicaid and uninsured status, medical co-
morbidities, and absence of nodal metastasis were associated with longer CCRTwait-time (P<.05).Womenwith
aggressive tumor factors (poorer differentiation, large tumor size, nodal metastasis, and higher cancer stage)
were more likely to have a short CCRT wait-time (P<.05). After controlling for the measured covariates, CCRT
wait-time of 6.1–9.8 weeks was not associated with increased risk of all-cause mortality compared to a wait-
time of 6 weeks. Similar association was observed when the cohort was stratified by histology, cancer stage,
tumor size, or brachytherapy use.

Conclusion. An implication of this study for the current coronavirus pandemic is that in the absence of aggres-
sive tumor factors, a short period of wait-time to start definitive CCRT may not be associated with increased risk
of mortality in women with locally-advanced cervical cancer.

© 2021 Elsevier Inc. All rights reserved.
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cians and Surgeons, 161 Fort
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1. Introduction

In 2021 the world continues to face the impact of a global pandemic
crisis caused by a novel coronavirus (COVID-19) that has created un-
precedented stress on health service systems creating unique chal-
lenges to providing timely care for cancer patients [1–5]. Multiple
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global studies found that the current COVID-19 pandemic may cause a
significant decrease in cancer-related encounters for a variety of malig-
nancies [6,7]. An important concern is a delay in treatment and care for
cancer patients [6,7]. A recent high-quality meta-analysis showed that
thewait-time for treatment initiation is a critical component for patient
prognosis in various malignancies [8].

Inwomenwith locally-advanced cervical cancer, the use of radiation
remains an essential component inmanagement. The American Society
for Radiation Oncology (ASTRO) Clinical Practice Guidelines conclude
that concurrent chemo-radiotherapy (CCRT) offers curative intent for
women with this disease [9]. To date, evidence examining the effect of
wait-time prior to initiation of CCRT on survival for locally-advanced
cervical cancer is scarce and has reported mixed results [10,11]. Avail-
able evidence is also limited in interpretation due to limited sample
size [11], restricted histology (squamous alone), inclusion of non-
standard treatment approaches (omission of concurrent chemother-
apy), and the inclusion of early-stage disease (stage IA-IB1) [10].

Given the constraints on delivering timely oncologic care due to the
current COVID-19 pandemic [6,7], it is of paramount importance to as-
sess the effects of treatment wait-time on survival in oncologic care.
The objective of our studywas to examine the impact of delay in starting
CCRT on survival in women with locally-advanced cervical cancer.

2. Patients and methods

2.1. Data source

This is a retrospective observational cohort study using the National
Cancer Database (NCDB). NCDB is a nationwide tumor registry that col-
lects data from Commission on Cancer (CoC)-accredited facilities in the
United States [12]. National Cancer Database collects >1 million inva-
sive cancer cases per year, representing ~70% of all new invasive cancers
in the U.S. Over 1500 CoC-affiliated institutions participate in the data-
base through a joint mechanism of the CoC of the American College of
Surgeons (ACoS) and the American Cancer Society (ACS) Society. The
studywas determined to not be human subjects research by the Colum-
bia University Institutional Review Board.

2.2. Study eligibility

Women with the American Joint Committee on Cancer 6th and 7th
version and the 2009 International Federation of Gynecology and Ob-
stetrics stage of IB2-IVA squamous carcinoma, adenocarcinoma, and
adenosquamous carcinoma of the uterine cervix diagnosed from 2004
to 2016 who received definitive radiotherapy with chemotherapy
were examined. All patients had known information for CCRT
wait-time, defined as the time interval between the diagnosis of cervical
cancer and the time to initiation of CCRT. Exclusion criteria included his-
tologic types and cancer stage other than above, lack of chemotherapy,
primary surgical or chemotherapy treatment, and absence of CCRTwait-
time information.

2.3. Clinical information

Among cases that met the eligibility criteria, the following informa-
tion was abstracted from the database: Patient demographics included
age (<40, 40–49, 50–59, 60–69, 70–79, ≥80 years), race/ethnicity
(non-Hispanic white, non-Hispanic black, Hispanic, and non-Hispanic
others, year of diagnosis (2004, 2005, 2006, 2007, 2008, 2009, 2010,
2011, 2012, 2013, 2014, 2015, and 2016), medical comorbidity (0, 1,
and 2), insurance status (Medicare, Medicaid, private, uninsured, and
others), neighborhood average household income (<$40,227,
$40,227–$50,353, $50,354–$63,332, and ≥$63,333) and education
level (≥17.6%, 10.9–17.5%, 6.3–10.8%, and <6.3%), and residential status
(metropolitan, urban, and rural). Facility information included regis-
tered location (Eastern, South, Midwest, and West) and facility type
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(academic / research program, integrated network cancer program,
comprehensive community cancer program, and community cancer
program).

Tumor characteristics included histologic type (squamous cell, ade-
nocarcinoma, and adenosquamous), cancer stage (IB2, IIA, IIB, IIIA, IIIB,
and IVA), tumor differentiation (well, moderate, and poor), tumor size
(≤20, 21–40, 41–60, 61–80, 81–100, and >100 mm), lympho-vascular
space invasion (yes versus no), and regional nodal metastasis (positive
versus negative). Radiotherapy type include external beam radiation
with brachytherapy versus external beam radiation alone. Survival
data included follow-up time after diagnosis of diagnosis and vital status
(dead or alive). Overall survival was defined as time interval between
the date of radiation initiation and death from all-causes. Women who
were alive at last follow-up were censored.

2.4. Statistical analysis

We first examined the association between the clinico-pathological
characteristics and CCRT wait-time. A generalized linear regression
model using a generalized estimating equationwithnormal distribution
and identity linkwas fitted. All themeasured covariates were entered in
the model. The residuals were plotted visually to check the violation of
linear assumption. The interpretation for the parameters (betas) is that
compared to the referent group what is the increased (positive) or de-
creased (negative) value for the average of continuous outcome.

The second step of analysis was to examine the association between
CCRT wait-time and all-cause mortality. Cox proportional hazards
models with restricted cubic spline transformation of CCRT wait-time
were fitted to assess the non-linear associations between CCRT wait-
time and survival while adjusting for the measured characteristics
[13]. Clinically relevant cut points were applied as 4, 8, 12, and
16 weeks for CCRT wait-time. Six weeks from diagnosis to initiation of
therapy was chosen as a reference point as prior work has shown that
the median wait-time for initiation of therapy for locally-advanced cer-
vical cancer is approximately 6weeks [10,11,14]. Effect size for all-cause
mortality at each tested week relative to week 6 was expressed with
adjusted-hazard ratio and 95% confident interval.

Various sensitivity analyses were undertaken to assess the robustness
of the study findings. Subcohorts were created as stratified by histology
subtypes, cancer stage, and tumor size. CCRT wait-time of week 4 was
also tested. The study cohort was stratified based on the use of brachy-
therapy. The rationale of this analysis is that brachytherapy plays a critical
role in definitive radiotherapy for locally-advanced cervical cancer [15].
All statistical analyses were based on two-sided hypothesis, and results
were deemed statistically significant at a P<.05. The STROBE guidelines
were consulted to display the observational study [16].

3. Results

A total of 13,617 women were identified (Table 1, Fig. 1). The median
age was 51 (interquartile range 42–61). The majority of patients were
non-Hispanic white (59.3%), had squamous tumors (86.1%), and received
brachytherapy (64.6%). The most frequent cancer stage was IIIB (43.3%),
and nearly a quarter of tumors were >6 cm in diameter (25.1%). The me-
dian CCRT wait-time was 6 (interquartile range 4–8) weeks. The median
duration of definitive radiotherapy was 7.6 (interquartile range 6.3–9.0)
weeks. The median of total radiation dose for external beam treatment
was 48.6 (interquartile range 45–54) Gy.

There were 13 factors independently associated with CCRT wait-
time on multivariable analysis (Table 1). Older age, non-Hispanic
black andHispanic race/ethnicity, more recent year of diagnosis, Medic-
aid and uninsured status, greater medical comorbidity, and absence of
nodal metastasis were associated with longer CCRT wait-time (all,
P<.05). In contrast,women living in urban regions, residents of theMid-
west and South, residents in neighborhoodswith higher educational at-
tainments (lower percentage of not graduating fromhigh school), those



Table 1
Patient demographics and factors associated with CCRT wait-time.

N (%) Mean (SD) Estimated parameters
(beta) (95%CI) §

Overall 13,617 (100.0) 6.6 (4.3)
Age (y)
<40 2535 (18.6) 6.7 (4.5) Referent
40–49 3737 (27.4) 6.4 (4.3) −0.04 (−0.25,0.17)
50–59 3569 (26.2) 6.6 (4.1) 0.19 (−0.03,0.40)
60–69 2266 (16.6) 6.8 (4.3) 0.51 (0.25,0.76)**
70–79 1138 (8.4) 6.8 (4.3) 0.53 (0.19,0.87)*
≥80 372 (2.7) 6.4 (4.7) 0.29 (−0.20,0.79)

Race/ethnicity
Non-Hispanic: White 8071 (59.3) 6.2 (3.9) Referent
Non-Hispanic: Black 2240 (16.5) 7.1 (4.8) 0.89 (0.69,1.10)**
Hispanic 1860 (13.7) 7.9 (5.1) 1.07 (0.84,1.29)**
Non-Hispanic: Other 746 (5.5) 6.9 (4.2) 0.10 (−0.21,0.42)
Unknown 700 (5.1) 5.8 (3.9) −0.01 (−0.33,0.32)

Year of diagnosis
2004 728 (5.3) 5.7 (4.3) Referent
2005 745 (5.5) 5.8 (4.4) 0.00 (−0.42,0.42)
2006 793 (5.8) 6.0 (4.3) 0.29 (−0.13,0.70)
2007 885 (6.5) 6.4 (4.9) 0.81 (0.41,1.22)**
2008 951 (7.0) 6.1 (4.0) 0.36 (−0.04,0.75)
2009 948 (7.0) 6.5 (4.4) 0.72 (0.32,1.12)*
2010 1019 (7.5) 6.6 (4.4) 0.83 (0.43,1.23)**
2011 1093 (8.0) 6.7 (4.1) 0.93 (0.54,1.32)**
2012 1168 (8.6) 6.6 (4.5) 0.84 (0.45,1.23)**
2013 1197 (8.8) 6.7 (4.3) 0.87 (0.49,1.26)**
2014 1303 (9.6) 6.9 (4.0) 1.16 (0.78,1.54)**
2015 1407 (10.3) 6.9 (4.1) 1.19 (0.82,1.57)**
2016 1380 (10.1) 7.3 (4.4) 1.64 (1.26,2.01)**

Insurance Status
Not Insured 1769 (13.0) 6.9 (4.8) 0.56 (0.33,0.79)**
Private 5326 (39.1) 6.2 (3.9) Referent
Medicaid 3574 (26.2) 7.0 (4.6) 0.55 (0.37,0.73)**
Medicare 2539 (18.6) 6.5 (4.2) 0.08 (−0.16,0.33)
Other Government 155 (1.1) 7.6 (5.7) 1.50 (0.84,2.16)**
Unknown 254 (1.9) 6.7 (4.0) 0.40 (−0.12,0.92)

Household income¶

<$40,227 3682 (27.0) 6.8 (4.5) Referent
$40,227 - $50,353 3479 (25.5) 6.5 (4.2) 0.13 (−0.07,0.34)
$50,354 - $63,332 3066 (22.5) 6.5 (4.4) 0.15 (−0.08,0.38)
≥$63,333 3200 (23.5) 6.5 (4.2) 0.21 (−0.06,0.48)

Not Available 190 (1.4) 6.1 (3.8) −0.74 (−2.27,0.79)
Neighborhood average education†
≥17.6% 4393 (32.3) 7.1 (4.7) Referent
10.9% - 17.5% 3922 (28.8) 6.5 (4.2) −0.27 (−0.46,-0.08)*
6.3% - 10.8% 3270 (24.0) 6.2 (4.0) −0.56 (−0.79,-0.33)**
<6.3% 1870 (13.7) 6.0 (4.0) −0.88 (−1.18,-0.59)**
Not Available 162 (1.2) 6.2 (4.0) 0.25 (−1.41,1.91)

Urban/Rural
Metropolitan 11,021 (80.9) 6.7 (4.4) Referent
Urban 2030 (14.9) 6.1 (3.9) −0.25 (−0.45,-0.04)*
Rural 269 (2.0) 5.8 (3.9) −0.35 (−0.86,0.15)
Unknown 297 (2.2) 6.7 (4.1) 0.28 (−0.20,0.76)

Charlson/Deyo comorbidity
0 11,729 (86.1) 6.6 (4.3) Referent
1 1474 (10.8) 6.6 (4.5) −0.03 (−0.25,0.20)
2 414 (3.0) 7.1 (4.8) 0.46 (0.05,0.86)*

Facility location
Eastern 2566 (18.8) 6.9 (4.4) Referent
South 3892 (28.6) 6.1 (4.1) −0.80 (−1.01,-0.58)**
Midwest 4901 (36.0) 6.4 (4.1) −0.52 (−0.72,-0.31)**
West 2253 (16.5) 7.5 (4.8) 0.33 (0.09,0.57)*
Unknown – 6.6 (1.9) −1.05 (−4.67,2.58)

Facility type
Community Cancer Program 734 (5.4) 6.7 (4.6) Referent
Comp Community Cancer Program 4320 (31.7) 6.1 (4.2) −0.52 (−0.84,-0.19)*
Academic/Research Program 6769 (49.7) 7.0 (4.4) 0.00 (−0.31,0.32)
Integrated Network Cancer Program 1789 (13.1) 6.1 (3.9) −0.70 (−1.06,-0.34)*
Other / unknown – 6.6 (1.9) ‡

Histology
Squamous cell 11,722 (86.1) 6.5 (4.3) Referent
Adenocarcinoma 1529 (11.2) 6.9 (4.4) 0.21 (−0.01,0.44)
Adenosquamous 366 (2.7) 6.6 (4.5) 0.01 (−0.42,0.44)
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Table 1 (continued)

N (%) Mean (SD) Estimated parameters
(beta) (95%CI) §

Stage
IB2 1339 (9.8) 7.2 (4.9) Referent
II NOS 172 (1.3) 6.2 (3.5) −0.74 (−1.40,-0.08)*
IIA NOS 586 (4.3) 7.1 (4.6) 0.13 (−0.28,0.54)
IIA1 132 (1.0) 7.8 (4.2) −0.27 (−1.02,0.49)
IIA2 266 (2.0) 6.9 (3.5) −0.37 (−0.91,0.17)
IIB 3884 (28.5) 6.8 (4.2) −0.36 (−0.63,-0.10)*
III NOS 157 (1.2) 6.3 (4.7) −0.79 (−1.47,-0.10)*
IIIA 341 (2.5) 6.1 (3.9) −0.99 (−1.49,-0.49)**
IIIB 5897 (43.3) 6.4 (4.3) −0.83 (−1.08,-0.58)**
IVA 843 (6.2) 5.6 (4.1) −1.30 (−1.67,-0.93)**

Tumor differentiation
Well 575 (4.2) 7.1 (4.6) Referent
Moderate 4508 (33.1) 6.5 (4.2) −0.61 (−0.97,-0.25)*
Poorly 4489 (33.0) 6.5 (4.3) −0.59 (−0.95,-0.23)*
Unknown 4045 (29.7) 6.7 (4.4) −0.36 (−0.72,0.00)

Tumor Size
≤20 mm 285 (2.1) 6.9 (3.8) Referent
21–40 mm 1495 (11.0) 7.6 (4.6) 0.57 (0.05,1.09)*
41-60 mm 4044 (29.7) 6.8 (4.1) −0.29 (−0.79,0.21)
61-80 mm 2579 (18.9) 6.1 (4.2) −0.81 (−1.32,-0.31)*
81-100 mm 634 (4.7) 5.5 (4.1) −1.31 (−1.89,-0.73)**
>100 mm 202 (1.5) 5.2 (3.8) −1.37 (−2.11,-0.62)*
Unknown 4378 (32.2) 6.5 (4.5) −0.18 (−0.67,0.32)

LVSI
No 1320 (9.7) 7.0 (4.5) Referent
Yes 437 (3.2) 7.2 (5.0) 0.35 (−0.09,0.80)
Unknown 11,860 (87.1) 6.5 (4.3) −0.16 (−0.40,0.08)

Regional lymph nodes
Negative 473 (3.5) 7.7 (4.4) 1.33 (0.83,1.84)**
Positive 599 (4.4) 8.9 (4.7) −1.26 (−1.64,-0.88)**
Unknown 12,545 (92.1) 6.4 (4.3) Referent

Radiation type
External bean / brachytherapy 8803 (64.6) 6.6 (4.2) 0.03 (−0.12,0.18)
External beam 4814 (35.4) 6.4 (4.5) Referent

Mean (standard deviation)wait-time (weeks) from cervical cancer diagnosis to CCRT initiation is shown. § Estimated parameters (beta) from generalized linear regressionmodel. *P<.05,
**P<.001. –Number suppressed per theNCDB instruction. †% of not graduating fromhigh school. ‡ Con-linearitywith unknown in facility location. ¶Neighborhood average. Abbreviations:
y, year; N, number; SD, standard deviation; CI, confidence interval; CCRT, concurrent chemo-radiotherapy; LVSI, lympho-vascular space invasion; comp, comprehensive; and NOS, not
otherwise specified.
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who received care at a comprehensive community cancer program or
integrated network cancer program, and those with aggressive tumor
factors (higher grade, large tumor size, nodal metastasis, and higher
stage) were more likely to have shorter CCRT wait-time (all, P < .05).

There were 12,237 women who had survival information. The me-
dian follow-up time was 30.6 (interquartile range 14.2–63.1) months,
and there were 5019 (41.0%) women who died of any cause. After con-
trolling for patient factors (age, race/ethnicity, year of diagnosis, insur-
ance status, household income, educational status, residential status),
facility factors (location and type), tumor factors (histology, cancer
stage, tumor differentiation, tumor size, LVSI, and nodal status), and
treatment factors (radiotherapy type and radiotherapy duration),
women who had CCRT wait-time of 6.1–9.8 weeks were not at in-
creased risk for all-cause mortality compared those who had a 6-week
wait-time (Fig. 2). In contrast, women with a short CCRT wait-time
had increased all-cause mortality risk versus those with 6-week
wait-time (Fig. 2). Similar trends were observed when the cohort was
stratified by cancer stage (Fig. 3A-D), histologic type (Fig. 4A-B),
tumor size (Fig. 4C-D), and brachytherapy use (Fig. 5A-B and Supple-
mental Figs. S1-4). Lastly, similar results were observed when the refer-
ent group was set as 4-week CCRT wait-time (data not shown).

4. Discussion

Our study highlights that the effect of time to initiation of CCRT on
survival for locally-advanced cervical cancer is complex, reflecting vari-
ous underlying patient, facility, and tumor factors. Women whose tu-
mors had poor prognostic factors were more likely to initiate therapy
417
more rapidly. Thus, increased mortality in the short wait-time cases
may reflect pre-existing advanced tumor factors. In contrast, the trend
towards gradually increasing mortality with longer time to initiation
of therapy may reflect the effect of delay in treatment initiation.

Data from a multi-continent study from the COVID and Cancer Re-
searchNetwork (CCRN) raise concern for cancer patients [6]. The results
of this study imply not only that there will be a significant delay in
starting treatment for cancer patients but also that there will be a
stage shift as a consequence of the current global pandemic [6]. These
concerns are particularly relevant to radiation oncologists because cer-
vical cancer ismore common inminority populations and socioeconom-
ically disadvantaged groups, such groups have been particularly
affected by the pandemic [17–19].Moreover, the Society of Gynecologic
Oncology (SGO) suggests non-surgical therapy with definitive radio-
therapy as an alternative treatment approach for women with early-
stage disease if treatment delay for radical hysterectomy will be
prolonged due to the COVID-19 pandemic [20]. Studies examining
survival effect of radical hysterectomywait-time for early-stage cervical
cancer are also limited in the current literature and warrant further in-
vestigation [21,22]. Our recent analysis of stage IB-IIA cervical cancer
showed that longer hysterectomy wait-time was associated with
increased risk of pathological parametrial invasion and all-cause
mortality [22].

To date, limited data has been reported describing the impact of time
to initiation of radiation and survival for locally-advanced cervical can-
cer. One study showed that longer wait-time to initiation of CCRT was
associatedwith decreased survival although the sample sizewas limited
(n=195) [11]. Another study concluded that longer wait-time to CCRT



Fig. 1. Study cohort selection criteria. Abbreviations: N, number; unk, unknown; hyst, hysterectomy; exent, exenteration; and trach, trachelectomy.
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was not associated with increased mortality [10]. As wait-time was
grouped by four week increments in this study, our data illustrate the
association between time to initiation of therapy by week.

One major concern observed in this study was that nearly one-third
of study population did not receive brachytherapy for the definitive ra-
diotherapy in women with locally-advanced cervical cancer. Notable
significance is that this was observed in the CoC-affiliated centers in
the recent years (2004–2016). In 2019, American Brachytherapy Society
(ABS) and SGO endorsed the importance of brachytherapy as a critical
component of definitive radiotherapy for cervical cancer [15]. While
this was not the primary objective of current study, the importance of
brachytherapy needs to be emphasized.

Strengths of this study include rigorous selection criteria, large
sample size and measured covariates, use of a modern analytic ap-
proach, and multiple sensitivity analyses. However, there are several
limitations in this study. First, unmeasured bias is inherent to the ret-
rospective nature of this study. For example, the data on the underly-
ing cause of treatment delay is not available. It may be possible that
418
urgent initiation of CCRT may have been indicated for patients who
had vaginal bleeding in women with large tumor or higher cancer
stage, but the database does not have this information. Second,
there were few women with long periods of treatment delay thus
limiting our statistical power to detect changes in survival. The
restricted cubic spline curves suggest that mortality risk may be
increased after a certain wait-time.

The ASTRO has compiled COVID-19 Clinical Guidance for a number
of malignancies [23]. This includes treatment prioritization, approaches,
and practice recommendations during the COVID-19 pandemic. Given
the possible survival effects of CCRT wait-time as well as possible
pandemic-related demographic change in cervical cancer, establishing
clinical guidance for cervical cancer treatment in the current situation
would be of utmost use. Recent international expert consensus recom-
mendations for radiotherapy during the COVID-19 pandemic categorize
that women with locally-advanced cervical cancer has the highest
priority for radiotherapy [24]. Recommendation on wait-time for CCRT
initiation was not addressed.



Fig. 3.Adjusted associations between CCRTwait-time and all-causemortality (cancer stage stratification). Adjusted-hazard ratios for all-causemortality are shown byweek of CCRTwait-
time for (A) stage IB2, (B) stage II, (C) stage III, and (D) stage IVA. CCRT wait-time was coded using restricted cubic spline transformation with four knots located at 4, 8, 12, and 16weeks
(shown as knots). The Y-axis represents the effect size for all-causemortality. TheX-axis representswait-time (week) from cervical cancer diagnosis to CCRT initiation.Week 6 is set as the
referent group. The solid line represents the estimate as effect size. The dashed lines are 95% confidence interval. Abbreviations: CCRT, concurrent chemo-radiotherapy; aHR-adjusted-
hazard ratio; and CI, confidence interval.

Fig. 2. Adjusted associations between CCRT wait-time and all-cause mortality. Adjusted-hazard ratio for all-cause mortality controlling for patient factors (age, race/ethnicity, year of
diagnosis, insurance status, household income, educational status, residential status), facility factors (location and type), tumor factors (histology, cancer stage, tumor differentiation,
tumor size, LVSI, and nodal status), and treatment factor (radiotherapy type and radiotherapy duration) is shown by week of CCRT wait-time for the whole cohort. CCRT wait-time
was coded using restricted cubic spline transformation with four knots located at 4, 8, 12, and 16 weeks (shown as knots). At CCRT wait-time of 9.8-week, the upper-boundary of
confidence interval was <1.00 (aHR 0.95, 95%CI 0.90–0.99) that the value crossed 1.00 afterwards. The Y-axis represents the effect size for all-cause mortality. The X-axis represents
the wait-time (week) from cervical cancer diagnosis to CCRT initiation. Week 6 is set as the referent group. The solid line represents the estimate as effect size. The dashed lines are
95% confidence interval. Abbreviations: CCRT, concurrent chemo-radiotherapy; aHR-adjusted-hazard ratio; and CI, confidence interval.

K. Matsuo, Y. Huang, S. Matsuzaki et al. Gynecologic Oncology 161 (2021) 414–421

419



Fig. 4. Adjusted associations between CCRT wait-time and all-cause mortality (histology stratification and tumor size stratification). Adjusted-hazard ratios for all-cause mortality are
shown by week of CCRT wait-time for (A) squamous carcinoma, (B) adenocarcinoma, (C) tumor size ≤6 cm, and (D) tumor size >6 cm. Wait time was coded using restricted cubic
spline transformation with four knots located at 4, 8, 12, and 16 weeks (shown as knots). The Y-axis represents the effect size for all-cause mortality. The X-axis represents wait-time
(week) from cervical cancer diagnosis to CCRT initiation. Week 6 is set as the referent group. The solid line represents the estimate as effect size. The dashed lines are 95% confidence
interval. Abbreviations: squamous, squamous cell carcinoma; adeno, adenocarcinoma; CCRT, concurrent chemo-radiotherapy; aHR-adjusted-hazard ratio; and CI, confidence interval.

Fig. 5. Adjusted associations between CCRT wait-time and all-cause mortality (brachytherapy stratification). Adjusted-hazard ratios for all-cause mortality are shown by week of CCRT
wait-time for (A) external beam and brachytherapy and (B) external beam without brachytherapy. CCRT wait-time was coded using restricted cubic spline transformation with four
knots located at 4, 8, 12, and 16 weeks (shown as knots). The Y-axis represents the effect size for all-cause mortality. The X-axis represents the wait-time (week) from cervical cancer
diagnosis to CCRT initiation. Week 6 is set as the referent group. The solid line represents the estimate as effect size. The dashed lines are 95% confidence interval. Abbreviation: CCRT,
concurrent chemo-radiotherapy; aHR-adjusted-hazard ratio; and CI, confidence interval.
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In conclusion, our study suggests that in the absence of aggressive
tumor factors, a short period of wait-time to start definitive CCRT (ap-
proximately 3 additional weeks from the cohort median wait-time)
may not be associated with increased risk of mortality in women with
locally-advanced cervical cancer. While treatment delay at COVID-19
burdened hospitals may be necessary for patient safety purposes,
when feasible, attempts should be made to avoid prolonged delays to
start CCRT for women with locally-advanced cervical cancer. This
study also observed variable differences in CCRT wait-time per patient
and facility factors. This inequity of cancer treatment merits further
investigation.
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