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Esophageal cancer has traditionally been associated with very poor outcomes. A number of therapies are avail-
able for the treatment and palliation of esophageal cancer, but little systematic evidence compares the effica-
cy of different treatment strategies. This meta-analysis aimed to investigate whether treatments in addition to
radiotherapy could provide better efficacy and safety.

We identified a total of 12 eligible studies with 18 study arms by searching PubMed, the Cochrane Library,
EMBASE, and Clinical Trials.gov without time or language restrictions. The final search was conducted on 17
August 2016. We calculated mean differences (MD) and risk ratios (RR) with 95% confidence intervals (CI) for
continuous and dichotomous data, respectively. Heterogeneity was calculated and reported using Tau?, Chi?,
and /> analyses.

Twelve studies with 18 study arms were included in the analysis. Addition of surgery to chemo-radiotherapy
resulted in improved median survival time (p=0.009) compared with chemo-radiotherapy alone, but all oth-
er outcomes were unaffected. Strikingly, and in contrast with patients with squamous cell carcinomas, the
subset of patients with adenocarcinoma who received therapies in addition to radiotherapy showed a signif-
icant improvement in median survival time (p<0.0001), disease-free survival (p=0.007), 2-year survival rates
(p=0.002), and 3-year survival rates (p=0.01). The incidence of adverse effects increased substantially with ad-
ditional therapies.

This meta-analysis reveals stark differences in outcomes in patients depending on the type of carcinoma.
Patients with squamous cell carcinoma should be educated about the risks and benefits of undergoing multi-
ple therapies.
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Material and Methods

The incidence of carcinoma of the esophagus as well as the
gastro-esophageal junction is increasing around the world [1].
According to the American Cancer Society (ACS), there are about
17 000 new cases of esophageal cancer diagnosed around the
world each year [2]. Among those diagnosed with esophageal
cancer, most are men [2], and they accounted for approximate-
ly 12 720 of the 15 690 deaths caused by esophageal can-
cer so far in 2016 [2]. The diagnosis of most esophageal can-
cers happens at an advanced stage in most patients. This fact
makes the best intervention strategy for the advanced cases
of esophageal cancer palliative care rather than curative treat-
ment [3,4]. The most predominant symptom found in many
patients is dysphagia, which is characterized by pain experi-
enced when swallowing food or beverages.

Squamous cell carcinoma is the most common type of esopha-
geal cancer among African Americans, while Caucasians are af-
fected more by adenocarcinoma [5]. It is notable that although
esophageal cancer accounts for only 1% of cancers detected in
the US, it is much more common among other countries such
as China, India, Africa, Pakistan, and Iran [2].

Radiotherapy has been commonly used in the treatment of
esophageal cancer. It results in improvement in 50-85% of the
patients diagnosed with esophageal cancer at an advanced
stage. However, the rate of recovery and response of the pa-
tients can be very slow [4]. The addition, in recent years, add-
ing chemotherapy to radiotherapy has been hailed as a poten-
tial cure for esophageal cancers that would previously have
been considered fatal [6]. Surgery, mostly esophagectomy, is
often carried out in an attempt at curative treatment, espe-
cially in early esophageal cancer, but it has a high complica-
tion rate, both during and after the procedure [7].

Despite the existence of so many esophageal cancer pa-
tients around the world, there is little systematic evidence
that highlights the best intervention strategies. Although sys-
tematic reviews exist that examine the roles of chemothera-
py [8] and surgery [9,10], there is no systematic review that
focuses on the role of radiotherapy and whether its combi-
nation with other interventions could enhance the effica-
cy of esophageal cancer treatment. Our study investigated
the efficacy and adverse effects of therapies added to radio-
therapy, such as radiotherapy+chemotherapy (RT vs. RT+CT),
radiotherapy+surgery (RT vs. RT+Surgery), RT+CT+surgery
(RT+CT vs. RT+CT+surgery), and RT+immune therapy (RT vs.
RT+immune therapy). In order to determine the effect of treat-
ments in addition to radiotherapy, we only included studies
that directly compared these 2 treatment modalities. We also
performed subgroup meta-analyses by the type of cancer as
well as by the type of intervention.

The current study was carried out in accordance with the 2015
PRISMA guidelines [11].

PICOT

We identified the following PICOT for our study: Population:
adults with localized or advanced esophageal can-
cer; Intervention: radiotherapy plus other interventions;
Comparator: radiotherapy without additional interventions
or with fewer interventions; Outcomes: median survival time,
disease-free survival time, 1-year survival rate, 2-year survival
rate, 3-year survival rate, response rate, presence of dyspha-
gia, adverse events; Time: At least 1 year following treatment.

Data sources and search strategies

Searches were carried out using PubMed, the Cochrane Library,
EMBASE, and Clinical Trials.gov without time or language re-
strictions. The final search was conducted on 17 August 2016.
The keywords used were (esophageal cancer OR oesophageal
cancer) AND (radiotherapy OR chemotherapy OR surgery OR
chemo-radiotherapy). Search results were uploaded into Eppi-
Reviewer 4 [12] to determine their eligibility.

Selection standards

Studies were included if they met the following criteria: 1)
the participants had primary esophageal cancer; 2) the arti-
cle was a randomized controlled trial (RCT), a cohort study or
a retrospective analysis; 3) the study had a control group; 4)
the treatment included radiotherapy and at least 1 addition-
al treatment option; 5) the control included radiotherapy; and
6) the study included at least 1 of the outcomes listed in the
PICOT above. We excluded studies that did not measure the
effect of additional therapy added to radiotherapy (e.g., che-
mo-radiotherapy plus surgery vs. surgery alone was excluded).

Study selection

The initial search resulted in 387 abstracts (Figure 1). After re-
moval of duplicates, 303 abstracts were subjected to the inclu-
sion criteria. Two authors examined the abstracts, excluding
those that did not match the inclusion criteria. This resulted
in 28 studies. We obtained the full-text articles and applied
the same inclusion criteria. This resulted in 12 studies remain-
ing. Eighteen study arms from these 12 studies were includ-
ed in the final analysis.
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Figure 1. PRISMA diagram of included studies.
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Study quality

The quality of the studies was determined using the Cochrane
Collaboration risk of bias assessment tool for randomized con-
trolled trials [13]. This tool examines each study for risk of
bias in 7 categories: random sequence generation, allocation
concealment, blinding or participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
reporting, and other bias. The non-randomized studies were
assessed using the Newcastle-Ottawa scale for assessing the
quality of non-randomized studies in meta-analyses [14]. This
scale allows the assessment of the quality of non-RCT studies
using the following criteria: selection, comparability, and out-
come/exposure. There are separate scales for cohort studies
and case-control studies.

Data extraction

Two authors independently extracted the data from studies
into electronic forms and crossed-checked them. The extract-
ed data included: the study characteristics (country, type of
cancer, stage of cancer, number in intervention/control, type
of therapy used, study design); outcome data; and adverse
effects data. Depending on the outcome, we either extracted
means and standard deviations or rates (as number of events
out of total number in the study arm). If standard errors were
given, these were converted to standard deviations by mul-
tiplying the standard error by the square root of the number
in the study arm.

Statistical analysis

Study data were copied into Review Manager 5.3 (Cochrane
Collaboration) [15]. Risk ratios with 95% confidence intervals
(CI) were used for dichotomous outcomes, and mean differ-
ences with 95% Cls were calculated for continuous outcomes.
Meta-analysis was carried out with a random effects model|,
inverse variance calculation, with p<0.05 as the test for statis-
tical significance. Heterogeneity was given as Tau?, Chi?, and
I2. A priori subgroup analyses were planned by cancer type
and treatment modality. Sensitivity analyses were planned for
study design, tumor stage, and type of chemotherapy used.

Results

Search results and study characteristics

Table 1 shows the characteristics of all included study arms.
Only 4 of the included 12 studies were RCTs [16-19]. Four
studies were prospective but non-randomized trials [20-23],
3 were retrospective case-control studies [24-26], and 1 re-
ported on a sequential, non-randomized phase Il trial [27]. In
terms of interventions, 4 studies compared radiotherapy plus
chemotherapy with radiotherapy alone [16,17,24,25]. Three
studies compared radiotherapy plus surgery with radiothera-
py alone [17,24,25]. Nine studies compared radiotherapy plus
chemotherapy plus surgery with radiotherapy and chemother-
apy alone [17,19-24,26,27]. A single study compared radio-
therapy plus immunotherapy with radiotherapy alone [18].
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Table 1. Studies included in the meta-analysis.
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Number of Intervention Control
Study Country/ Type of Stage of patients A
1D ethnicity cancer cancer (intervention/ Dose of radiation SLEDE
control) chemotherapy
Agronovich  Canada/ RT+ >40 Gy >40 Gy Retrospective
2008-1 Not stated by Vb2 SR e Z surgery (15 fractions) R (15 fractions) case-control
>40 Gy (15 fractions);
Agronovich  Canada/ 5-FU 1000 mg/m?/day >40 Gy Retrospective
2008-2 Not stated Ry Ul 2308 2 7 REC] + cisplatin R (15 fractions) case-control
25 mg/m?/day
>40 Gy (15 fractions); >40 Gy (15 fractions);
Agronovich  Canada/ RT+CT+ 5-FU 1000 mg/m?/day 5-FU 1000 mg/m?/day  Retrospective
2008-3 Not stated Wi LERZE IO A surgery + cisplatin ARy + cisplatin case-control
25 mg/m?/day 25 mg/m?/day
60 Gy (over 6 wks); 60 Gy (over 6 wks);
5-FU 1000 mg/m?/ 5-FU 1000mg/m?/day .
e UsA/ - Adenoca- g g 1 RTECTH o0 mitomycin C 10 RT+CT 4 mitomycin € Sl
1995 Not stated  rcinoma surgery 5 A non-randomized
mg/m 10 mg/m? (single
(single bolus) bolus).
. . 60 Gy (30 fractions); 60 Gy (30 fractions); .
B“rlrgg';te’ ﬁgftsgt':é Any LIATE  2g 137 SI:'ceTr" CDDP 80 mg/m?+  RT+CT  CDDP 80 mg/m? + noir—?:'r::zgtziez’e g
81 5.rU 800 mg/m?/day 5-FU 800 mg/m?/day
Cordice  ;cp/Mixed  Any  Notstated 34 52 _RI* Not stated RT Not stated IREHEEPRENN? GEEe:
1990-1 surgery control

Retrospective

Any Not stated 13 52 RT+CT Not stated RT Not stated
case-control
45 Gy (25 fractions);
45 Gy (25 fractions); 5-FU 225 mg/m? +
. 5-FU 225 mg/m? + carboplatin AUC 6.0 + .
Ha';g‘(’)";rth Nofgg/te g Any LI 97 50 Slr*fr* carboplatin AUC 6.0  RT+CT  paclitaxel 200 mg/m? noFr’mr-?;EZZtr?q/i?e 4
8eY 4 paclitaxel 200 mg/ then radiation to 64.8
m? (PC) Gy + 1 additional dose
of PC
. 50 Gy (25 fractions);
Herskovic ycp/mixed — Any  TR23NX g1 60 RTHCT 5-FU 1000 mg/m2/day  RT 64 Gy RCT
1992 0,1 . . : (32 fractions)
+ cisplatin 75 mg/m
50-66 Gy (25 50-66 Gy (25
Squamous T4NOMO, fractions); CDDP 3-70 fractions); CDDP 3-70
Hihara Japan/ (26q) e T4AN1M1, 17 10 RT+CT+ mg/m?, 5-FU 250-700 RT+CT mg/m?, 5-FU 250-700 Prospective,
2014 Japanese saréoma ) T4N1M1la, surgery mg/m? OR docetaxel mg/m? OR docetaxel non-randomized
T4N1M1b 7.5 mg/m? + 5-FU 250 7.5 mg/m? + 5-FU
mg/m? 250mg/m?
T1,2,3,4
N T 40 to 60 Gy; CDDP 50 5
Mukaida  Japan/ i gateg NONLMO, 15 15 pricT mg/m? 4+ 5-FU 500 mg/  RT 40 to 60 Gy e
1998 Japanese M1 IIA, 1B, 4 ) non-randomized
v m? + VP-16 60 mg/m
T1,2,3,4
Shridhar USA/ Adenoca- NO, N1 MO, RT+CT+ . . Retrospective
2014 Not stated rcinoma M1 lIA, 1IB, 94 60 surgery Mixed protocols RT+CT Mixed protocols case-control
I, 1V
Smith USA/  Squamous cell RT+ " ; .
1998-1 e St T I, 24 32 surgery Maximum 40 Gy RT Maximum 60 Gy; RCT
5 Maximum 40 Gy; 5-FU Maximum 40 Gy; 5-FU
159'2'8t_h2 Not’gg/te 4 ch‘;ar’c‘?r‘]’(‘)‘; ;e“ I 21 37 SI:C;* 1000 mg/m? + bolus  RT+CT 1000 mg/m + bolus RCT
gery mitomycin C 10 mg/m? mitomycin C 10mg/m?
. Maximum 60 Gy; 5-FU
Smith USA/  Squamous cell 2 5
1998-3 Not stated  carcinoma 1, 37 32 RT+CT 1000 mg/m? + bolus RT Maximum 60 Gy RCT

mitomycin C 10 mg/m?
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Table 1 continued. Studies included in the meta-analysis.

Number of
patients
(intervention/
control)

Country/ Type of

cancer

Stage of
cancer

ethnicity

Intervention

META-ANALYSIS

Control

Dose of radiation/
chemotherapy

Dose of radiation/
chemotherapy

RT+ 60-66 Gy (30-33
Yan China/  Squamous cell immu- fractions); 1x10° CIK 60-66 Gy
2014 Chinese carcinoma Lt 1k, Y * # no-the- cells/day + 1x107 DC R (30-33 fractions) e
rapy  cells/day for 5 days
Oxaliplatin 130 mg/ .
T S domgmi 2 4682 fadiony
Yoon Republic ~ Squamous SUur- - cycles followed by 46 RT+CT+ P Al
2015 of Korea/ (95?, adenoca- I, lll, IVa 47 50 gery+ Gy (23 fractlons_) pll{S surgery 130 mg/m? + S1 30 RCT
Korean rcinoma (2) induc- concurrent oxaliplatin 2
mg/m

tion CT

130 mg/m? + S1 30

mg/m? (no induction)

RT - radiotherapy; CT — chemotherapy; RCT — randomized controlled trial; FU — fluorouracil, CDDP — cisplatin, S1: combination of
tegafur, gimeracil, oteracil potassium. Staging scores: TNM — T1: cancer is growing into tissue under the epithelium; T2: cancer is
growing into the muscularis mucosa; T3: cancer is growing into the adventitia; T4: cancer is growing into the pleura, the pericardium,
the diaphragm, the trachea, the aorta, the spine, or other crucial structures; TX: primary tumor cannot be assessed. NO: cancer has
not spread to lymph nodes; N1: cancer has spread to 1 or 2 nearby lymph nodes; NX: nearby lymph nodes cannot be assessed. MO: no
metastasis to distant organs or lymph nodes; M1: cancer has metastasized to distant lymph nodes or other organs. Stage I, I, Ill, IV —

combinations of TNM and cancer grade (46).

Although most studies enrolled patients with any type of esoph-
ageal cancer [16,20,21,24,25], 4 studies included only patients
with squamous cell carcinoma or had a majority of squamous
cell carcinomas [17-19,22], and only 2 studies focused only on
patients with adenocarcinomas [26,27].

Quality of studies

We evaluated the risk of bias in the 4 RCTs using the Cochrane
Collaboration tool [13] and the 8 non-randomized studies were
assessed using the Newcastle-Ottawa scale [14]. Overall, the
risk of bias in the RCTs was mostly acceptable (Figure 2A). None
of the studies suffered from reporting bias, and only 1 study
[17] lost more than 10% of patients to follow-up. No other ob-
vious bias was present. None of the 4 RCTs undertook blind-
ing of participants or personnel, and blinding of outcome as-
sessors was unclear. Allocation concealment was not reported
in any of these studies, and only 2 studies provided a meth-
od of randomization.

The quality of the non-randomized studies was poor (Figure 2B).
Using the scoring methodology as suggested by the authors
[14], only 1 study [23] obtained the score of “good” and the
other studies were all rated as “poor”, mostly due to their
lack of comparability. To investigate whether this had an in-
fluence on study outcomes, we undertook a sensitivity anal-
ysis of the RCTs.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Median survival times

To determine whether additional therapies added to radiothera-
py improve survival times, we undertook 2 subgroup meta-analy-
ses (Figure 3). To investigate whether different kinds of interven-
tions produced different results, we did a subgroup analysis of
median survival time by treatment type (Figure 3A). Comparing
RT with RT+CT showed no significant increase in median surviv-
al time (MD 3.31months, 95% Cl: -0.48, 7.11, p=0.85, ’=0%);
similarly, addition of surgery to RT also showed no significant
improvement in median survival time (MD 6.20 months, 95%
Cl:-7.51, 19.92, p=0.05, ’=75%). In contrast, when surgery was
added to RT and CT, a significant increase in median survival
times was observed (MD 13.13 months, 95% Cl: 3.32, 22.95,
p=0.009, ’=64%). However, this did not differ significantly from
either of the other 2 interventions (subgroup difference p=0.18).

We also examined differences in survival time by type of cancer
(Figure 3B). In the 2 studies in patients with adenocarcinoma,
adding further treatments to radiotherapy resulted in a sig-
nificant increase in median survival time (MD=23.16 months,
95% Cl: 12.31, 34.00, p<0.0001). In contrast, the 2 studies in
patients with squamous cell carcinoma did not gain any ad-
vantage with the addition of further treatments to radiother-
apy (MD=4.67 months, 95% Cl: -2.35, 11.70, p=0.19). Neither
subgroup had any heterogeneity. The studies that did not se-
lect patients based on cancer type (subgroup “All carcinomas”)
did show an overall increase in median survival time (MD 5.23
months (95% Cl: 0.67, 9.79, p=0.02, ’=42%), although this
was significantly smaller than in adenocarcinoma (subgroup
difference p=0.003).
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Figure 2. Quality of included studies. The randomized controlled trials were subjected to the Cochrane Collaboration’s risk of bias
analysis (A). The non-randomized trials were analyzed with the Newcastle-Ottawa Scale (B).

Disease-free survival times

Very few studies reported disease-free survival times [21,26,27]
(Figure 4). Whereas the single study reporting this outcome
in patients with any type of carcinoma showed no significant
difference with additional treatments, those with adenocarci-
noma did respond better to adding treatments to radiothera-
py (MD=15.71 months, 95% Cl: 4.29, 27.12, p=0.007, =36%).
Coincidentally, all 3 studies reporting this outcome compared
chemo-radiotherapy with chemo-radiotherapy plus surgery.
Overall, adding surgery to chemo-radiotherapy did not result

in any significant difference in disease-free survival times
(MD=8.88 months, 95% Cl: -5.36, 23.12, p=0.22, 12=82%).

One-year survival rates

One-year survival rates were largely unaffected by addition of
other treatments to radiotherapy (Figure 5). When viewed by
type of treatment (Figure 5A), the only improvement in 1-year
survival rates was seen in patients undergoing chemo-radio-
therapy plus surgery (RR=1.13, 95% Cl: 1.02, 1.26, p=0.02,
*=21%), although this was a minimal difference. When grouped
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A
Intervention Control Mean difference Mean difference
Study or subgroup Mean SD  Total Mean SD Total Weight 1V, random, 95% Cl IV, random, 95% CI
1.2.1 RTvs. RT+CT
Agronovich 2008-2 145 139 26 118 66 77 46.8% 2.70[-2.84,8.24] —T
Cordice 1990-2 6.5 27.6 13 84 138 52 6.0% -1.90[-17.37,13.57]
Herskovic 1992 125 276 61 89 138 60 23.9% 3.60 [-4.16,11.36] O
Smith 1998 148 276 59 9.2 138 60 23.3% 5.60[-2.26, 13.46] -
Subtotal (95% CI) 159 249 100.0% 3.31[-0.48,7.11] >

Heterogeneity: Tau>=0.00; Chi>=0.81, df=3 (P=0.85); I’=0%
Test for overall effect: 7=1.71 (P=0.09)

1.2.2 RT vs. RT+surgery
Agronovich 2008-1 249 19 16 1.8 66 77 50.7% 13.10[3.67,22.53] .

Cordice 1990-1 75 276 34 84 138 52 49.3% -0.90[-10.91,9.11] —q———.-
Subtotal (95% Cl) 50 129 100.0% 6.20[-7.51,19.92]
Heterogeneity: Tau?=73.40; Chi®=3.98, df=1 (P=0.05); ’=75%

Test for overall effect: Z=0.89 (P=0.38)
1.2.3 RT+CT vs. RT+CT+surgery

Agronovich 2008-3 333 201 12 145 139 26 21.1% 18.80[6.24, 31.36] I E—
Algan 1995 33276 12 15 138 12 15.9% 18.00 [0.54, 35.46] »
Hainsworth 2007 293 293 97 %56 232 50 25.7% 3.70[-4.98,12.38] —_—

Hihara 2014 97 276 17 87 138 10 177%  1.00 [-14.66, 16.66] -

Shridhar 2014 492 644 9% 28 186 60 19.6%  26.40[12.56,40.24] —
Subtotal (95% CI) 232 158 100.0% 13.13[3.22, 22.95] i

Heterogeneity: Tau?=77.86; Chi*=11.11, df=4 (P=0.03); I’= 64%
Test for overall effect: Z=2.62 (P=0.009)

-20 -10 0 10 20
Test for subgroup differences: Chi?= 3.40, df=2 (P=0.18), I’= 41.2% . .
Favours control Favours intervention
B
Intervention Control Mean difference Mean difference

Study or subgroup Mean SD  Total Mean SD  Total Weight IV, random, 95% CI 1V, random, 95% Cl

1.1.1 Adenocarcinoma

Algan 1995 33 276 12 15 138 12 38.6% 18.00 [0.54, 35.46] L E—
Shridhar 2014 492 644 94 228 186 60 61.4% 26.40[12.56, 40.24] ——
Subtotal (95% CI) 106 7 100.0%  23.16[12.31,34.00] i
Heterogeneity: Tau?=0.00; Chi®=0.55, df=1 (P=0.46); I’=0%

Test for overall effect: Z=4.18 (P<0.0001)

1.1.2 Squamous cell carcinoma

Hihara 2014 9.7 276 17 87 138 10 20.1% 1.00 [-14.66, 16.66] _——

Smith 1998 148 276 59 92 188 60 79.9% 5.60 [~2.26, 13.46] T

Subtotal (95% Cl) 76 70 100.0% 4.67[-2.35,11.70] <

Heterogeneity: Tau?=0.00; Chi®=0.26, df=1 (P=0.61); ’=0%

Test for overall effect: Z=1.30 (P=0.19)

1.1.3 All carcinomas

Agronovich 2008-1 24.9 19 16 N8 66 77 14.1% 13.10[3.67,22.53] R
Agronovich 2008-2 145 139 26 18 66 77 23.2% 2.70[-2.84,8.24] ——

Agronovich 2008-3 333 201 12 145 139 26 9.6% 18.80[6.24,31.36] . ——
Cordice 1990-1 75 276 347 84 138 52 13.1% -0.90[-10.91,9.11] _

Cordice 1990-2 65 276 13 84 138 52 7.0% -1.90[-17.37,13.57] —m——

Hainsworth 2007 293 293 97 256 232 50 15.5% 3.70[-4.98,12.38] ——

Herskovic 1992 125 276 61 89 138 60 17.55% 3.60[-4.16,11.36] e

Subtotal (95% Cl) 259 394 100.0% 5.2310.67,9.79] -

Heterogeneity: Tau?=15.31; Chi*=10.42, df=6 (P=0.11); ’=42%

Test for overall effect: Z=2.25 (P=0.02)

Test for subgroup differences: Chi?=9.52, df=2 (P=0.009), ’=79.0% -20 -10 0 10 20

Favours control Favours intervention

Figure 3. Subgroup meta-analysis of median survival times after treatment by type of intervention (A) or type of cancer (B). The
interventions included radiotherapy plus chemotherapy, radiotherapy plus surgery, and radiotherapy plus chemotherapy plus
surgery. The control groups were radiotherapy alone, or radiotherapy plus chemotherapy.
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A
Intervention Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD  Total Weight 1V, random, 95% Cl IV, random, 95% Cl
2.2.1RT+CT vs. RT+CT+surgery
Algan 1995 19 256103 12 13 225 12 24.0% 6.00[-13.29, 25.29] 2
Hainsworth 2007 18.6 27.7854 97 184 218 50 37.6% 0.20[-7.99, 8.39] —i—
Shridhar 2014 40.8 234352 94 216 232 60 38.3% 19.20[11.66, 26.74] —a—
Subtotal (95% Cl) 203 122 100.0% 8.88[-5.36, 23.12] —ei——
Heterogeneity: Tau’=122.88; Chi>=11.38, df=2 (P=0.003); I’=82%
Test for overall effect: 7=1.22 (P=0.22) . . . .
i ) =20 -10 0 10 20
Test for subgroup differences: Not applicable Favours control Favours intervention
B . ) )
Intervention Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD  Total Weight 1V, random, 95% Cl IV, random, 95% Cl

2.2.1 Adenocarcinoma

Algan 1995 19 256 12 13 225 12
Shridhar 2014 40.8 234 9% 216 232 60
Subtotal (95% Cl) 106 72

Heterogeneity: Tau?=31.32; Chi*=1.56, df=1 (P=0.021); ’=36%

Test for overall effect: Z=2.70 (P=0.007)

2.1.2 All carcinomas

Hainsworth 2007 186 278 97 184 218 50
Subtotal (95% Cl) 97 50

Heterogeneity: Not applicable
Test for overall effect: Z= 0.05 (P=0.96)

Test for subgroup differences: Chi>=4.68, df=1 (P=0.03); ’=78.6%

100.0%

100.0%
100.0%

26.5% 6.00 [-13.28,25.28] S

73.5% 19.20[11.66, 26.74] ——

15.71[4.29,27.12] —~——
0.20(-7.99,8.39]
0.20[-7.99,8.39]

20 <10 0 10 2
Favours control Favours intervention

Figure 4. Subgroup meta-analysis of median disease-free survival times after treatment by type of intervention (A) or of cancer (B).
In all 3 studies, the intervention was radiotherapy plus chemotherapy and surgery. The control group was radiotherapy plus

chemotherapy without surgery.

by cancer type, the only group that experienced an increased
survival rate was the “all carcinomas” group (RR=1.29, 95%
Cl: 1.08, 1.54, p=0.005). Neither patients with only adenocarci-
noma nor only squamous cell carcinoma had a greater chance
of surviving to 1 year (Figure 5B).

Two-year survival rates

When grouped by the type of intervention (Figure 6A), none of
the treatments added to radiotherapy affected survival rates
at 2 years. In contrast, when grouped by cancer type, the re-
sults for the 2-year survival rates were similar to the 1-year
rates (Figure 6B). The exception was that patients with ade-
nocarcinoma improved their chances of surviving to 2 years
by adding surgery to chemo-radiotherapy (RR=1.50, 95% ClI:
1.15, 1.95, p=0.002, 1>=0%). The magnitude of this effect was
similar to that seen with the “All carcinomas” group (test for
subgroup differences, p=0.86).

Three-year survival rates

At 3 years, when analyzed by type of treatment, none of the
treatment subgroups showed any advantage over less invasive
treatment (Figure 7A). In contrast, patients with adenocarci-
noma again clearly gained an advantage by adding surgery to
RT and CT (Figure 7B). Patients with adenocarcinoma who un-
derwent surgery in addition to chemo-radiotherapy had a 57%
greater rate of survival compared with those who had chemo-
radiotherapy alone (RR=1.57, 95%Cl: 1.10, 2.25, p=0.01, 1>=0%).
Patients with squamous cell carcinoma (p=0.29) and “All carcino-
mas” (p=0.12) did not see significantly longer rates of survival.

Response rates

Only 5 studies reported response rates [16,18,19,22,23]
(Figure 8). Subgroup analysis of response by treatment type
was hampered by a lack of studies (Figure 8A). Only 1 treat-
ment type had more than 1 study to analyze (Figure 8A). Of
this limited analysis, a study comparing radiotherapy with
chemo-radiotherapy [16] showed a significant difference in
response (RR 2.5 95% Cl: 1.24, 5.37, p=0.01).
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A
Intervention Control Risk ratio Risk ratio

Study or subgroup Events  Total Events Total  Weight M-H, random, 95% Cl M-H, random, 95% Cl
3.2.1RTvs. RT+CT

Agronovich 2008-2 15 26 35 77 6.6% 1.27[0.84,1.19] —_
Herskovic 1992 31 61 20 60 6.2% 1.52[0.99, 2.35] —
Mukaida 1998 10 19 8 19 3.5% 1.25[0.63, 2.46] e
Smith 1998-3 8 37 22 32 3.6% 0.31[0.16,0.61] s —

Subtotal (95% Cl) 143 188 19.8% 0.96[0.51,1.80] ’
Total events 64

Heterogeneity: Tau>=0.33; Chi>=17.09, df=3 (P=0.0007); I’=82%
Test for overall effect: Z=0.12 (P=0.91)

3.2.2 RTvs. RT+surgery

Agronovich 2008-1 13 16 3577 7.8% 1.7901.27,251] _
Cordice 1990-1 12 34 1B 5 3.6% 1.41(0.73,2.72] S
Smith 1998-1 5 2% 9 32 2.5% 035[0.15,081] —————

Subtotal (95% CI) 74 161 14.0% 1.01[0.38, 2.67] e
Total events 30

Heterogeneity: Tau?=0.63; Chi*=16.10, df=2 (P=0.0003); I’=88%
Test for overall effect: 7=0.03 (P=0.98)

3.2.3 RT+CT vs. RT+CT+surgery
Agronovich 2008-3 10 12 15 26 6.5% 1.44[0.95,2.19]

Algan 1995 10 12 8 12 5.6% 1.25[0.78,2.01] —_—

Burmeister 1995 64 78 92 137 11.7% 1.22[1.04,1.43] —_

Hainsworth 2007 78 97 [y} 50 11.7% 0.96[0.82,1.12] -

Hihara 2014 6 17 4 10 1.9% 0.88[0.33,2.39] E———

Shridhar 2014 84 9% 47 60 11.8% 1.140.98,1.33] e

Smith 1998-3 14 21 19 37 6.2% 1.30[0.84,2.01] T

Subtotal (95% CI) 331 332 55.4% 1.13[1.02,1.26] ‘

Total events 266 227

Heterogeneity: Tau?=0.00; Chi*=7.57, df=6 (P=0.27); ’=21%

Test for overall effect: 7=2.34 (P=0.02)

3.2.4 RT+CT+surgery vs. RT+CT-+surgery+Induction CT

Yoon 2015 39 47 38 50 10.8% 1.0910.89, 1.34] ——

Subtotal (95% CI) 47 50 10.8% 1.09[0.89, 1.34] >

Total events 39 38

Heterogeneity: Not applicable

Test for overall effect: Z=0.85 (P=0.40)

Total (95%) 595 731 100.0% 1.14[0.99,1.32] "

Total events

Heterogeneity: Tau?=0.04; Chi*=39.92, df=14 (P=0.0003); I’=65% ! } } } I |

Test for overall effect: Z=1.77 (P=0.08) 01 02 05 1 ) 5 10

Test for subgroup differences: Chi*=0.37, df=3 (P=0.095); ’=0% : ) : . .
Favours control Favours intervention
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B
Intervention Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total ~ Weight M-H, random, 95% Cl M-H, random, 95% Cl
3.1.1 Adenocarcinoma
Algan 1995 10 12 8 12 9.2% 1.25[0.78, 2.01] R
Shridhar 2014 84 9% 47 60 90.8% 1.14[0.98,1.33] !
Subtotal (95% CI) 106 72 100.0% 1.15[1.00, 1.33]
Total events 9% 55
Heterogeneity: Tau?=0.00; Chi*=0.13, df=1 (P=0.072); ’=0%
Test for overall effect: Z=1.92 (P=0.06)
3.1.2 Squamous cell carcinoma
Hihara 2014 6 17 4 10 15.0% 0.88[0.33,2.39]
Smith 1998-1 5 24 19 32 17.2% 0.35[0.15,0.81] .
Smith 1998-2 14 21 19 37 22.8% 1.30[0.84,0.01] —
Smith 1998-3 8 37 22 32 19.7% 0.31[0.16,0.61] R —
Yoon 2015 39 47 38 50 25.2% 1.09[0.89, 1.34]
Subtotal (95% Cl) 146 161 100.0% 0.71[0.39,1.28] ‘—]‘_
Total events 72 102
Heterogeneity: Tau?=0.35; Chi*=25.92, df=4 (P<0.0001); I’=85%
Test for overall effect: Z=1.14 (P=0.25)
3.1.3 All carcinomas
Agronovich 2008-1 13 16 35 77 13.4% 1.79[1.27,2.51] —_—
Agronovich 2008-2 15 26 35 77 10.9% 1.27[0.84,1.91] ———
Agronovich 2008-3 10 12 15 26 10.7% 1.4410.95,2.19] ——
Burmrister 1995 64 78 92 137 21.8% 1.22[1.04,1.43] -
Cordice 1990-1 12 34 13 52 5.7% 1.41[0.73,2.72] -
Hainsworth 2007 78 97 Ly} 50 21.9% 0.96[0.82,1.12] -
Herskovic 1992 31 61 20 60 10.2% 1.5210.99, 2.35] |
Mukaida 1998 10 19 8 19 5.4% 1.25[0.63, 2.46] -1
Subtotal (95% CI) 343 498 100.0% 1.29[1.08, 1.54] ‘
Total events 233 260
Heterogeneity: Tau’=0.03; Chi>=16.59, df=7 (P=0.02); I’=58%
Test for overall effect: Z=2.79 (P=0.05)
L 1 1 1 | ]
Test for subgroup differences: Chi*=3.88, df=2 (P=0.14); ’=48.5% Oj1 012 0..5 1 2[ 5I 1'0
Favours control Favours intervention

Figure 5. Subgroup meta-analysis of 1-year survival rates after treatment by type of intervention (A) or type of cancer (B). The
interventions included radiotherapy plus chemotherapy, radiotherapy plus surgery, radiotherapy plus chemotherapy
plus surgery, and radiotherapy plus chemotherapy plus surgery plus induction chemotherapy. The control groups were
radiotherapy alone, radiotherapy plus chemotherapy, or radiotherapy plus chemotherapy plus surgery.

The analysis by the type of cancer was similarly restricted. None
of the studies reported response rates for patients with adeno-
carcinoma. Surprisingly, 3 studies [18,19,22] that reported re-
sponse rates for patients with squamous cell carcinoma indi-
cated a poor response with additional treatments (Figure 8A),
although this was not statistically significant (RR=0.71, 95%
Cl: 0.51, 0.99, p=0.05, 1?’=0%). The 2 studies that reported re-
sponse rates for patients grouped under the “All carcinoma”
subgroup also failed to show any significant difference in their
response with additional treatments (Figure 8B).

Dysphagia

Although dysphagia is one of the most debilitating symptoms
of esophageal cancer, only 3 studies examined differences in
this outcome. These studies compared RT+CT+surgery with
RT+CT [27], RT+CT with RT alone [16], or adding induction CT
to RT+CT+surgery [19] (Figure 9). None of the studies showed a
significant improvement in dysphagia with treatments in addi-
tion to radiotherapy, and the meta-analysis of these studies was
similarly neutral (RR=0.99, 95% Cl: 0.67, 1.48, p=0.97, ’=41%).
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A
Intervention Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total  Weight M-H, random, 95% Cl M-H, random, 95% Cl
4.2.1RTvs. RT+CT
Agronovich 2008-2 10 26 15 77 29.8% 1.97[1.02,3.84] —a—
Herskovic 1992 23 61 6 60 28.0% 3.771[1.65, 8.60] —_—
Mukaida 1998 6 19 7 19 27.2% 0.86[0.35, 2.08] N I
Smith 1998-3 1 37 9 32 14.9% 01000010721
Subtotal (95% () 143 188 100.0% 1.20[043,3.39] ————
Total events 40 37
Heterogeneity: Tau?=0.82; Chi*=14.24, df=3 (P=0.003); ’=79%
Test for overall effect: Z=0.34 (P=0.73)
4.2.2 RT vs. RT+surgery
Agronovich 2008-1 9 16 15 77 38.3% 2.89[1.54, 5.40] S
Cordice 1990-1 5 52 8 52 35.2% 0.63[0.22,1.78] —
Smith 1998-1 1 24 9 32 26.5% 0.15[0.02, 1.09] ¢—m
Subtotal (95% Cl) 92 161 100.0% 0.77[0.13, 4.45] —‘-—-
Total events 15
Heterogeneity: Tau?=2.00; Chi>=15.16, df=2 (P=0.0005); I’=87%
Test for overall effect: 7=0.30 (P=0.77)
4.2.3 RT+(T vs. RT+CT+surgery
Agronovich 2008-3 8 12 10 26 8.15% 1.73[0.92,3.25] 4+
Algan 1995 8 12 5 12 5.6% 1.60[0.73,3.49] —
Burmeister 1995 41 78 72 137 27.8% 1.00[0.77,1.30] ——
Hainsworth 2007 57 97 30 50 26.0% 0.98[0.74,1.30] -
Hihara 2014 3 17 2 10 1.4% 0.88[0.18,4.41]
Shridhar 2014 70 94 30 60 26.2% 1.49(1.13,1.97] ——
Smith 1998-3 6 21 n 37 4.9% 0.96[0.42,2.22] . E—
Subtotal (95% CI) 331 332 100.0% 1.18[0.97,1.43] ‘
Total events 193 160
Heterogeneity: Tau?=0.02; Chi?=8.20, df=6 (P=0.22); ’=27%
Test for overall effect: Z=1.68 (P=0.09)
4.2.4 RT+(T-+surgery vs. RT+CT+surgery-+Induction CT
Yoon 2015 30 47 30 50 100.0% 1.06[0.78, 1.45] t
Subtotal (95% CI) 47 50 100.0% 1.06[0.78, 1.45]
Total events 30 30
Heterogeneity: Not applicable
Test for overall effect: 7=0.39 (P=0.70)
Test for subgroup differences: Chi*=0.52, df=3 (P=0.092); ’=0% 0,I1 0{2 0{5 1 zl 5I 1I0
Favours control Favours intervention

Adverse effects

Only 3 studies directly compared adverse effects between treat-
ment types [16,18,19] (Table 2). Two of these studies were in
people with squamous cell carcinoma [18] or predominately
squamous cell carcinoma [19]. One study was in people with
any type of carcinoma [16]. Our analysis found that additional
therapies resulted in additional adverse effects. This was espe-
cially the case when chemotherapy was added to radiotherapy
[16], or induction chemotherapy added to chemo-radiotherapy

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

899

with surgery [19]. However, due to the small number of stud-
ies, only 1 adverse effect reached statistical significance —
hematological abnormalities (RR=2.59, 95% Cl: 1.63, 4.11,
p<0.0001). Other adverse effects that did not reach statisti-
cal significance, but were substantially increased when addi-
tional treatments were added, were over-excitation (35% vs.
15%), upper aerodigestive tract complications (33% vs. 18%),
shivering and fever (9% vs. 3%), and tracheitis (32% vs. 26%).
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B
Intervention Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total  Weight M-H, random, 95% Cl M-H, random, 95% Cl
4.1.1 Adenocarcinoma
Algan 1995 8 12 5 12 11.4% 1.60[0.73, 3.49] —_
Shridhar 2014 70 94 30 60 88.6% 1.491[1.13,1.97] !
Subtotal (95% Cl) 106 72 100.0% 1.50[1.15,1.95]
Total events 78 35
Heterogeneity: Tau?=0.00; Chi*=0.03, df=1 (P=0.87); ’=0%
Test for overall effect: 7=3.03 (P=0.02)
4.1.2 Squamous cell carcinoma
Hihara 2014 3 17 2 10 15.4% 0.88[0.18,4.41] -
Smith 1998-1 1 24 9 32 11.8% 0.15[0.02, 1.09 "
Smith 1998-2 6 21 n 37 26.6% 0.96[0.42,2.22] ——
Smith 1998-3 1 37 9 32 11.6% 0.10[0.01, 0.2 ——
Yoon 2015 30 47 30 50 34.6% 1.06[0.78, 1.45] t
Subtotal (95% Cl) 146 161 100.0% 0.601[0.26, 1.39]
Total events 41 61
Heterogeneity: Tau?=0.50; Chi*=11.63, df=4 (P=0.02); ’=66%
Test for overall effect: Z=1.19 (P=0.23)
4.1.3 All carcinomas
Agronovich 2008-1 9 16 15 77 11.4% 2.89[1.54,5 .40] -
Agronovich 2008-2 10 26 15 77 10.8% 1.97[1.02,3.84] —_
Agronovich 2008-3 8 12 10 26 11.3% 1.7310.92,3.25] —
Algan 1995 8 12 5 12 9.35% 1.60[0.73,3.49] —_
Burmrister 1995 4 78 72 137 17.0% 1.00[0.77,1.30] ——
Cordice 1990-1 5 52 8 52 6.6% 0.63[0.22,1.78] - - 1
Hainsworth 2007 57 97 30 50 16.8% 0.980.74,1.30] -
Herskovic 1992 23 61 6 60 8.8% 3.7711.65, 8.60] -
Mukaida 1998 6 19 7 19 8.1% 0.86[0.35,2.08] - 1
Subtotal (95% Cl) 373 510 100.0% 1.451.04,2.02 ’
Total events 167 168
Heterogeneity: Tau?=0.15; Chi*=25.16, df=8 (P=0.001); ’=68%
Test for overall effect: Z=2.18 (P=0.03)
Test for subgroup differences: Chi>=4.24, df=2 (P=0.12); ’=52.8% 0.05 0.2 1 5 10
Favours control Favours intervention

Figure 6. Subgroup meta-analysis of 2-year survival rates after treatment by type of intervention (A) or type of cancer (B). The
interventions included radiotherapy plus chemotherapy, radiotherapy plus surgery, radiotherapy plus chemotherapy
plus surgery, and radiotherapy plus chemotherapy plus surgery plus induction chemotherapy. The control groups were
radiotherapy alone, radiotherapy plus chemotherapy, or radiotherapy plus chemotherapy plus surgery.

Sensitivity analysis - inclusion of RCTs

We undertook a sensitivity analysis of RCTs alone where pos-
sible (Figure 10). Median survival was reported in only 2 RCTs
(Figure 10A), 1 in patients with squamous cell carcinoma [17]
and 1 in patients with any carcinoma type [16]. Both stud-
ies compared RT with RT+CT. Meta-analysis of the 2 studies
yielded similar results to the non-randomized trials (MD=4.59
months, 95% Cl: -0.93, 10.11, p=0.10). Similarly, meta-analy-
sis of the 5 study arms looking at 1-year survival (Figure 10B)
did not differ substantially from the meta-analysis of all trials
(RR=0.82, 95% Cl: 0.50, 1.36, p=0.45). The same was true for

2-year survival (RR = 0.84, 95% Cl: 0.35, 2.02, p=0.70) (Figure
10C) and 3-year survival (RR=0.70, 95% Cl: 0.16, 3.03, p=0.64)
(Figure 10D), response rates (RR=1.26, 95% Cl: 0.45, 3.53,
p=0.66) (Figure 10E), or dysphagia (RR=0.97, 95% Cl: 0.60,
1.59, p=0.92) (Figure 10F).

Sensitivity analysis - tumor stage

It was possible that the tumor stage of the patients at the be-
ginning of the studies would confound our results. As such,
we undertook an a priori sensitivity analysis by tumor stage
(Figure 11). As seen in Table 1, many studies included patients
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Heterogeneity: Tau?=1.50; Chi?=12.52, df=3 (P=0.006); I’=76%
Test for overall effect: Z=0.60 (P=0.55)

5.2.2 RTvs. RT+surgery

Agronovich 2008-1 6 16 12 77 43.5%
Cordice 1990-1 1 34 3 52 30.9%
Smith 1998-1 0 24 6 32 25.6%
Subtotal (95% CI) 74 161 100.0%

Total events 7 21
Heterogeneity: Tau?=2.54; Chi>=7.51, df=2 (P=0.02); ’=73%
Test for overall effect: 7=0.38 (P=0.71)

5.2.3 RT+CT vs. RT+CT+surgery
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Total events 142 120

Heterogeneity: Tau?=0.00; Chi*=6.17, df=6 (P=0.40); ’=3%
Test for overall effect: Z=1.70 (P=0.09)

5.2.4 RT+CT+surgery vs. RT+CT-+surgery+Induction CT

Yoon 2015 27 47 29 50 100.0%
Subtotal (95% CI) 47 50  100.0%
Total events 27 29

Heterogeneity: Not applicable
Test for overall effect: Z=0.06 (P=0.96)

Test for subgroup differences: Chi*=1.30, df=3 (P=0.73); I’=0%
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of any stage from | to IV. In order to exclude other variables
that could influence the results (e.g., tumor type and treat-
ment regimens), we compared studies using the same treat-
ment regimen and excluded studies on adenocarcinoma. We
chose 1-year, 2-year, and 3-year survival as the outcomes most
likely to be influenced by tumor stage. At 1 year, the studies
including only patients with early-stage cancer did demon-
strate greater benefit from adding treatments to radiotherapy

This work is licensed under Creative Common Attribution-
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than studies in people with later-stage cancer (Figure 11A).
Early-stage cancer patients had an improvement in survival
rates at 1 year (RR=1.23, 95% Cl: 1.06, 1.43, p=0.006) com-
pared with late-stage patients (RR=0.96, 95% Cl: 0.82, 1.11,
p=0.56). The subgroups were statistically different from one
another (p=0.02).
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Figure 7. Subgroup meta-analysis of 3-year survival rates after treatment by type of intervention (A) or type of cancer (B). The
interventions included radiotherapy plus chemotherapy, radiotherapy plus surgery, radiotherapy plus chemotherapy
plus surgery, and radiotherapy plus chemotherapy plus surgery plus induction chemotherapy. The control groups were
radiotherapy alone, radiotherapy plus chemotherapy, or radiotherapy plus chemotherapy plus surgery.

At 2 and 3 years, however, all benefits of adding treatment to
radiotherapy in early-stage cancer patients disappeared (Figure
11B, 11C). At 2 years, early-stage cancer patients did not ben-
efit from adding treatments to radiotherapy (RR=1.00, 95% Cl:
0.77, 1.28, p=0.98), and neither did late-stage cancer patients
(RR=0.98, 95% Cl: 0.74, 1.29, p=0.87). There were no subgroup
differences (p=0.91). At 3 years, there was no benefit to early-
stage cancer patients from adding treatments to radiotherapy
(RR=0.78, 95% Cl: 0.26, 2.39, p=0.66), nor to late-stage cancer
patients (RR=1.18, 95% Cl: 0.59, 2.36, p=0.63). There were no
subgroup differences (p=053).

Sensitivity analysis - chemotherapy regime

As stated earlier, we had planned a sensitivity analysis by che-
motherapy regimen. Unfortunately, the treatment regimens
varied widely, and there were insufficient studies to conduct
an analysis by chemotherapy type.

Discussion

This meta-analysis investigated the efficacy and safety of us-
ing additional treatments with radiotherapy in patients with
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esophageal carcinoma. Treatment strategies included che-
motherapy (RT vs. RT+CT), surgery (RT vs. RT+ surgery, RT+CT
vs. RT+CT+surgery), and immune therapy (RT vs. RT+immune
therapy).

Median survival time

Figure 3 displays subgroup meta-analyses of the median sur-
vival times by type of treatment (A) and cancer type (B). An in-
teresting observation was the startling lack of efficacy of add-
ing extra treatments to radiotherapy. Neither chemotherapy
nor surgery improved median survival times (Figure 3A) above
that of radiotherapy alone. The addition of surgery to chemo-
radiotherapy was significantly better, but this result was driv-
en by the 2 studies in patients with adenocarcinoma. Removal

of the 2 adenocarcinoma studies led to a loss of statistical sig-
nificance for this treatment combination as well.

An imbalance between groups at baseline could explain the
lack of efficacy. However, this is unlikely to be the case, as any
imbalance, especially towards patients selected for surgery,
was more likely to favor additional treatments. That is, pa-
tients selected for more aggressive treatment tended to have
less advanced cancer, or were physically fitter than those who
did not undergo surgery. Thus, it is even more concerning that
these groups did not exhibit longer survival times.

A clear finding was that adding treatments to radiotherapy in-
creased the median survival times for patients with adenocar-
cinomas only. This phenomenon has been observed before in
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Figure 8. Subgroup meta-analysis of response rates after treatment by type of intervention (A) or type of cancer (B). The interventions
included radiotherapy plus chemotherapy, radiotherapy plus immunotherapy, radiotherapy plus chemotherapy plus surgery,
and radiotherapy plus chemotherapy plus surgery plus induction chemotherapy. The control groups were radiotherapy alone,
radiotherapy plus chemotherapy, or radiotherapy plus chemotherapy plus surgery.

Intervention Control Risk ratio Risk ratio
Study or subgroup Events  Total Events Total  Weight M-H, random, 95% Cl M-H, random, 95% CI
Algan 1995 3 8 3 n 8.3% 1.38[0.37,5.13] v
Herskovic 1992 26 61 20 60 39.1% 1.28[0.81,2.03] T
Yoon 2015 25 47 34 50 52.6% 0.78[0.56, 1.09] —r
Total (95 Cl) 116 121 100.0% 0.991[0.67, 1.48] ’
Total events 54 57
Heterogeneity: Tau>=0.05; Chi?=3.39, df=2 (P=0.18); ’=41%
Test for overall effect: Z=0.03 (P=0.97) f t t f f |
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Figure 9. Meta-analysis of incidence of dysphagia. The interventions included radiotherapy plus chemotherapy (Herskovich 1992),
radiotherapy plus chemotherapy plus surgery (Algan 1995), and radiotherapy plus chemotherapy plus surgery plus induction
chemotherapy (Yoon 2015). The control groups were radiotherapy alone (Herskovich 1992), radiotherapy plus chemotherapy
(Algan 1995), or radiotherapy plus chemotherapy plus surgery (Yoon 2015).
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Figure 10. Meta-analysis of randomized controlled trials. (A) Median survival time; (B) 1-year survival time; (C) 2-year survival time;
(D) 3-year survival time; (E) response rate; (F) incidence of dysphagia. The interventions included radiotherapy plus
chemotherapy (Herskovich 1992, Smith 1998-3), radiotherapy plus immunotherapy (Yan 2014), radiotherapy plus surgery
(Smith 1998-1), radiotherapy plus chemotherapy plus surgery (Smith 1998-2), and radiotherapy plus chemotherapy plus
surgery plus induction chemotherapy (Yoon 2015). The control groups were radiotherapy alone (Herskovich 1992, Smith
1998-1, Smith 1998-3 Yan 2014), radiotherapy plus chemotherapy (Smith 1998-2), or radiotherapy plus chemotherapy plus

surgery (Yoon 2015).
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Figure 11. Sensitivity analysis of early versus late-stage tumors. (A) 1-year survival; (B) 2-year survival; (C) 3-year survival. A single
treatment type (radiotherapy plus chemotherapy versus radiotherapy plus chemotherapy plus surgery) was chosen, and
studies in adenocarcinoma were removed to reduce between-study variability. Two studies in patients with early- to mid-
stage cancer (Burmeister 1995, Smith 1998) were compared with 2 studies in patients with mid- to late-stage cancer

(Hainsworth 2007, Hihara 2014).

esophageal cancer [28,29] as well as for other cancers such
as pulmonary cancers [30-32], but contrasts with survival in
cervical cancer [33].

Disease-free survival
Unfortunately, only 3 studies reported on this important out-

come. All 3 studies compared chemo-radiotherapy alone with
chemo-radiotherapy plus surgery. Two of the 3 studies were

in patients with adenocarcinoma [26,27] and the third was in
patients with any carcinoma [21]. Similarly to median surviv-
al times, disease-free survival was only significantly better in
patients with adenocarcinoma. This suggests that in these pa-
tients, undertaking surgery will improve outcomes, but that
in patients with squamous cell carcinoma, surgery will not
improve survival. A similar lack of efficacy was seen in cer-
vical squamous cell carcinomas [34], where disease-free sur-
vival times were not significantly extended by the addition of
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Table 2. Adverse effects of additional treatment versus control treatment regimens.

Side Adeno- Squamous s Additional Control Difference

effect carcinoma cell carcinoma treatment treatment (Int - Cont)

carcinoma (CA) (CA) (%)
ﬁ):zre’da/wmght + + = 2 2 0 106  007,1653 096
AST/ATelevation  + . N o 2 319 013,7636 047
Dermatological - s - s 2 3 295 0322758 034
fr:i:mi”te“i"a' + + + 18 17 1 1.01 061,168 096
Hematological - . . 3 TR 2 259 163,411 <0.0001
Hyperghycemia s - o 2 2 035 00,848 052
Cnfection s ~ 3 o 2 319 013,7636 047
Cimsomnia - . - 15 3 o080 023,273 072
Nauseaiomiting 4+ - s - o s 4 021 001,431 031
Nervous system - - s 1 o i 306 013,7418 049
Overexctation - . - 5 20 240 095607 006
Respiratorytract -~ - .3 o 3 492 02410037 030
Shivering & fever - s - o 5 6 300 0332742 033
Tracheitis - . - % 6 122 058257 060
Upper = + 33 18 15 179 094,340 008

aerodigestive tract

The treatment modalities in this table included RT+CT vs. RT (any carcinoma) (Herskovich 1992), RT plus immunotherapy vs. RT
(squamous cell carcinoma (Yan 2014), and RT+CT+Surgery+Induction CT vs. RT+CT+Surgery (98% squamous cell carcinoma, 2%
adenocarcinoma) (Yoon 2015). * Only 2% of cases in this study were adenocarcinoma (Yoon 2015).

chemotherapy to radiotherapy. Given that surgery necessari-
ly involves risk, it may be that the risks outweigh the benefits
for squamous cell carcinoma patients.

Survival rates

Comparison of 1-year, 2-year, and 3-year survival rates under-
lies the superior prognosis of patients with adenocarcinomas.
When looking at treatment types, initial inspection suggests
that adding surgery to chemo-radiotherapy benefited patients
at 1-year post-treatment. However, removal of the 2 studies
in patients with adenocarcinoma shifted the treatment effect
from significant (p=0.02) to non-significant (p=0.13). Thus,
oncologists should take care to explain to their patients with
non-adenocarcinoma the risks versus benefits of potential
treatment options.

Although at 1 year there was little difference between the dif-
ferent cancer types, patients with adenocarcinoma benefit-
ed increasingly from additional treatments as time went on.
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In contrast, other carcinoma types failed to show any benefit
from adding treatments. Study reports evaluating therapeu-
tic strategies in different cancers, such as lung cancer [31,32],
rectal cancer [35,36], and cervical cancer [34] similarly failed
to find any benefit in terms of survival rates from adding mul-
tiple therapies to radiotherapy.

Response rates

As we have seen with all other outcomes, adding additional
treatments to radiotherapy saw no improvement in response
rates. Only 5 studies [16,18,19,22] reported on this outcome,
and each study defined “response” in a different way; howev-
er, overall, no significant difference was seen in any study ex-
cept Herskovic (1992) [16]. A close examination of this study
reveals that 20% of the combined therapy group had adeno-
carcinoma as opposed to 10% of the radiation therapy group.
This additional set of patients with adenocarcinoma may ac-
count for the observed increase in effectiveness of combined
therapy seen in the study [16].
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Dysphagia

Dysphagia is a very common and highly debilitating symptom
in esophageal cancer. Indeed, dysphagia, and later treatment
for it, can result in malnutrition [37]. Therefore, treatments
that reduce dysphagia, even if they do not increase survival
times, could be regarded as important for quality of life [38].
It was surprising, then, that only 3 of the included 18 study
arms reported on dysphagia incidence between treatment
types. One study added surgery to chemo-radiotherapy [27],
another study added chemotherapy to radiotherapy [16], and
the third study added induction chemotherapy to chemo-ra-
diotherapy [19]. Regardless of the treatment type, no decrease
in the incidence of dysphagia was seen in any study. This was
a surprising finding, until one looks at the effectiveness of ra-
diotherapy alone for dysphagia. A recent clinical trial deter-
mined that radiotherapy alone is as effective as radiotherapy
with chemotherapy in reducing dysphagia [39]. Thus, adding
chemotherapy, surgery, or induction chemotherapy to radia-
tion would perhaps do more harm than good, compared with
the effect of radiation alone.

Adverse effects

With additional cancer treatments comes the risk of increased
adverse effects [40-43]. Unfortunately, few studies directly com-
pared adverse effects between different treatment types. As a
result, most adverse effects in our meta-analysis are based on
between 68 and 120 patients. Only 2 adverse effects (gastroin-
testinal and hematological) were sufficiently powered (286 pa-
tients) to capture incidence of adverse effects with reasonable
confidence intervals. Of these, no significant difference was
seen for gastrointestinal adverse effects. In contrast, hemato-
logical adverse effects were significantly increased. This is not
surprising, given that the 2 studies that showed a significant in-
crease both involved either adding or increasing chemotherapy
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[16,19]. A recent meta-analysis on doublet versus triplet che-
motherapy concluded that triplet therapy was more effective,
but came at the expense of significant hematological damage
[44]. Overall, 12 of the 15 reported that adverse effects were
worse when treatments were added to the control therapy.
Traditionally, little difference occurs in approaches to therapy
based on type of cancer (adenocarcinoma vs. squamous cell
carcinoma) [45]. Given this, much thought should be given to
the use of chemotherapy in patients with squamous cell car-
cinoma, and how much patients will benefit compared with
the harm done to their health and quality of life.

Limitations
Only 4 of the studies in the meta-analysis were RCTs, and none
of these was blinded. However, a sensitivity analysis of RCTs

did not reveal any differences between the RCTs alone com-
pared with all studies together.

Conclusions

This meta-analysis has demonstrated the importance of can-
cer type on response to multiple esophageal cancer treatment.
We found that in almost all cases of squamous cell carcinoma,
additional treatments did not increase patient survival, but did
increase the incidence of adverse effects. In stark contrast to
this finding, patients with adenocarcinoma clearly responded
to adding treatments such as chemotherapy and surgery to
radiotherapy. Given the fact that, at present, little difference
occurs in the treatment of the 2 forms of cancer, we believe
that this review is of vital importance. Patients with squamous
cell carcinoma may experience a significantly better quality of
life by forgoing futile interventions. We believe that this ev-
idence is of great value to oncologists discussing treatment
options with their patients.

~

. Flanagan JC, Batz R, Saboo SS et al: Esophagectomy and gastric pull-through
procedures: Surgical techniques, imaging features, and potential complica-
tions. Radiographics, 2016; 36(1): 107-21

8. Kidane B, Coughlin S, Vogt K, Malthaner R: Preoperative chemotherapy for

resectable thoracic esophageal cancer. Cochrane Database Syst Rev, 2015;
(5): CD001556

9. Best LM, Mughal M, Gurusamy KS: Non-surgical versus surgical treatment
for oesophageal cancer. Cochrane Database Syst Rev, 2016; (3): CD011498

10. Arnott SJ, Duncan W, Gignoux M et al: Preoperative radiotherapy for esoph-
ageal carcinoma. Cochrane Database Syst Rev, 2005; (4): CD001799

11. Moher D, Shamseer L, Clarke M et al: Preferred reporting items for system-
atic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst
Rev, 2015; 4: 1

12. Thomas J, Brunton J, Graziosi S: EPPI-Reviewer 4: Software for research syn-
thesis. London: EPPI-Centre; 2010

13. Higgins JP, Altman DG, Gotzsche PC et al: The Cochrane Collaboration’s tool
for assessing risk of bias in randomised trials. BMJ, 2011; 343: d5928

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




META-ANALYSIS

Sun L et al.:
Esophageal cancer treatments
© Med Sci Monit, 2017; 23: 889-910

14. Wells GSB, O’Connell D, Peterson J et al: The Newcastle-Ottawa Scale (NOS) 31. Shepherd FA, Johnston MR, Payne D et al: Randomized study of chemo-
for assessing the quality of nonrandomised studies in meta-analyses: The therapy and surgery versus radiotherapy for stage IlIA non-small-cell lung
Ottawa Hospital; [Available from: http://www.ohri.ca/programs/clinical_ep- cancer: A National Cancer Institute of Canada Clinical Trials Group Study.
idemiology/oxford.asp] Br J Cancer, 1998; 78(5): 683-85

15. The Nordic Cochrane Centre. Review Manager (RevMan) 5.3 The Cochrane 32. Stephens RJ, Girling DJ, Hopwood P, Thatcher N, Medical Research Council
Collaboration; 2014 Lung Cancer Working Party: A randomised controlled trial of pre-operative

16. Herskovic A, Martz K, al-Sarraf M et al: Combined chemotherapy and ra- chemotherapy followed, if feasible, by resection versus radiotherapy in pa-
diotherapy compared with radiotherapy alone in patients with cancer of tients with inoperable stage T3, N1, MO or T1-3, N2, M0 non-small cell lung
the esophagus. N EnglJ Med, 1992; 326(24): 1593-98 cancer. Lung Cancer, 2005; 49(3): 395-400

17. Smith TJ, Ryan LM, Douglass HO Jr. et al: Combined chemoradiotherapy vs. 33. Shimada M, Nishimura R, Nogawa T et al: Comparison of the outcome be-
radiotherapy alone for early stage squamous cell carcinoma of the esopha- tween cerwca.l adenocarcmom.? and squamous cell carcinoma patients with
gus: A study of the Eastern Cooperative Oncology Group. Int J Radiat Oncol adjuvant radiotherapy following radical surgery: SGSG/TGCU Intergroup
Biol Phys, 1998; 42(2): 269-76 Surveillance. Mol Clin Oncol, 2013; 1(4): 780-84

18. Yan L, Wu M, Ba N et al: Efficacy of dendritic cell-cytokine-induced killer im- 34. Lorvidhaya V, Chitapanarux |, Sangruchi S et al: Concurrent mitomycin C,
munotherapy plus intensity-modulated radiation therapy in treating elderly 5-fluorouracil, and radiotherapy in the treatment of locally advanced car-
patients with esophageal carcinoma. Genet Mol Res, 2015; 14(1): 898-905 cinoma of the cervix: a randomized trial. Int ) Radiat Oncol Biol Phys, 2003;

’ ’ ' 55(5): 1226-32

19. Yoon DH, Jang G, Kim JH et al: Randomized phase 2 trial of S1 and oxali- © i i i i
platin-based chemoradiotherapy with or without induction chemotherapy 35. Bosset Jf, Collette L, Calais G et al: Chemotherapy with preoperative radio-
for esophageal cancer. Int J Radiat Oncol Biol Phys, 2015; 91(3): 489-96 therapy in rectal cancer. N Engl J Med, 2006; 355(11): 1114-23

20. Burmeister BH, Denham JW, O’Brien M et al: Combined modality therapy 36. Gerard JP, Conroy T, Bonnetain F et al: Preoperative radiotherapy with or
for esophageal carcinoma: Preliminary results from a large Australasian without concurrent fluorouracil and leucovorin in T3-4 rectal cancers: Results
multicenter study. Int J Radiat Oncol Biol Phys, 1995; 32(4): 997-1006 of FFCD 9203.J Clin Oncol, 2006; 24(28): 4620-25

21. Hainsworth JD, Meluch AA, Gray JR et al: Concurrent chemoradiation fol- 37. Bozzetti F: Nutritional support in patients with oesophageal cancer. Support
lowed by esophageal resection vs. chemoradiation alone for localized esoph- Care Cancer, 2010; 18(Suppl. 2): S41-50
ageal cancer. Community Oncology, 2007; 4(7): 431-39 38. Vesey S: Dysphagia and quality of life. Br J Community Nurs, 2013; Suppl:

22. Hihara J, Hamai Y, Emi M et al: Esophageal bypass operation prior to de- 514,516, 518-19
finitive chemoradiotherapy in advanced esophageal cancer with tracheo- 39. Penniment M: Radiation vs. CRT: Equally effective for reducing dysphagia.
bronchial invasion. Ann Thorac Surg, 2014; 97(1): 290-95 Gastrointestinal Cancers Symposium; January 15, 2015

23. Mukaida H, Hirai T, Yamashita Y et al: Clinical evaluation of adjuvant chemo- 40. Bilek K, Ebeling K, Leitsmann H, Seidel G: Radical pelvic surgery versus
radiotherapy with CDDP, 5-FU, and VP-16 for advanced esophageal cancer. radical surgery plus radiotherapy for stage Ib carcinoma of the cervix
Jpn J Thorac Cardiovasc Surg, 1998; 46(1): 11-17 uteri. Preliminary results of a prospective randomized clinical study. Arch

24. Agranovich A, McGahan CE, Gurjal A: Long-term survivorship of esopha- Geschwulstforsch, 1982; 52(3): 223-29
geal cancer patients treated with radical intent. Can ) Gastroenterol, 2008; 41. Rotman M, Sedlis A, Piedmonte MR et al: A phase Ill randomized trial of
22(4): 393-98 postoperative pelvic irradiation in Stage IB cervical carcinoma with poor

25. Cordice JW Jr.: Carcinoma of the esophagus seen in a 12-year period at prognostic features: Follow-up of a gynecologic oncology group study. Int
Queens Hospital Center. J Natl Med Assoc, 1990; 82(4): 273-79 J Radiat Oncol Biol Phys, 2006; 65(1): 169-76

26. Shridhar R, Freilich J, Hoffe SE et al: Single-institution retrospective com- 42. Thompson IM Jr,, Tangen CM, Paradelo J et al: Adjuvant radiotherapy for
parison of preoperative versus definitive chemoradiotherapy for adenocar- pathologically advanced prostate cancer: A randomized clinical trial. JAMA,
cinoma of the esophagus. Ann Surg Oncol, 2014; 21(12): 3744-50 2006; 296(19): 2329-35

27. Algan O, Coia LR, Keller SM et al: Management of adenocarcinoma of the 43. Machtay M, Pajak TF, Suntharalingam M et al: Radiotherapy with or with-
esophagus with chemoradiation alone or chemoradiation followed by out erythropoietin for anemic patients with head and neck cancer: A ran-
esophagectomy: Results of sequential nonrandomized phase Il studies. domized trial of the Radiation Therapy Oncology Group (RTOG 99-03). Int
Int J Radiat Oncol Biol Phys, 1995; 32(3): 753-61 J Radiat Oncol Biol Phys, 2007; 69(4): 1008-17

28. Holscher AH, Bollschweiler E, Schroder W et al: Prognostic differences be- 44. Mohammad NH, ter Veer E, Ngai L et al: Optimal first-line chemotherapeu-
tween early squamous-cell and adenocarcinoma of the esophagus. Dis tic treatment in patients with locally advanced or metastatic esophagogas-
Esophagus, 1997; 10(3): 179-84 tric carcinoma: triplet versus doublet chemotherapy: A systematic literature

. " ’ review and meta-analysis. Cancer Metastasis Rev, 2015; 34(3): 429-41

29. Stein HJ, Feith M, Bruecher BL et al: Early esophageal cancer: Pattern of X o X
lymphatic spread and prognostic factors for long-term survival after surgi- 45. Berry MF: Esophageal cancer: Staging system and guidelines for staging
cal resection. Ann Surg, 2005; 242(4): 566-73; discussion 573-75 and treatment. J Thorac Dis, 2014; 6(Suppl. 3): 5289-97

30. Kawase A, Yoshida J, Ishii G et al: Differences between squamous cell car- 46. American Cancer Society. How is cancer of the esophagus staged?

cinoma and adenocarcinoma of the lung: Are adenocarcinoma and squa-
mous cell carcinoma prognostically equal? Jpn J Clin Oncol, 2012; 42(3):
189-95

2016 [Available from: http://www.cancer.org/cancer/esophaguscancer/
detailedguide/esophagus-cancer-staging]

Indexed in:

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




