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Abstract. Definitive concurrent chemoradiotherapy has been 
the main standard treatment method for unresectable locally 
advanced esophageal squamous cell cancer (ESCC) since 
1999. However, several disadvantages continue to be associ‑
ated with this type of treatment, including a high local failure 
rate (reaching ~50% within 3 years) and a median overall 
survival (OS) time of 16.9 months. In addition, the 5‑year 
overall survival rate of patients remains relatively low, at only 
~21% for patients with ESCC with TNM stage T1‑3N0‑1M0. 
Burgeoning clinical trials and continually updating treatment 
modalities are currently in the process of being developed 
for the treatment of unresectable locally advanced ESCC. 
Compared with definitive concurrent chemoradiotherapy alone, 
clinical trials that have examined the efficacy of induction 
therapy, consolidation therapy, immunotherapy and targeted 
therapy have observed a prolonged median progression‑free 
survival and OS. Salvage surgery can also bring benefits to 
some patients. Therefore, the present review aimed to provide 
a comprehensive overview on the latest progress that is being 
made in the development of treatment strategies for unresect‑
able locally advanced ESCC, taking into account the several 
new challenges that need to be overcome.
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1. Introduction

In 2020, there were ~604,000 cases of patients diagnosed 
with esophageal cancer (EC), with >544,000  cases of 
mortality associated with this disease reported world‑
wide (1). In China, the incidence rate of EC ranked sixth and 
the mortality rate ranked fifth among all types of cancer, 
with 193,900 related deaths from EC registered in 2016 (2). 
In particular, esophageal squamous cell cancer (ESCC) is 
the dominant histological subtype of EC in Asia and Eastern 
Europe as of 2016 (3).

Due to the lack of specific symptoms and effective 
screening strategies during the early stages of ESCC, 
patients with ESCC are frequently diagnosed after the cancer 
has already reached locally advanced stages, typically at 
T3‑4 and/or with unresectable regional lymph node metas‑
tasis (4,5). Although the pathological complete response rate 
of ESCC after receiving neoadjuvant chemoradiotherapy can 
reach as high as 49%, as shown in 2012 (6), >50% patients 
with locally advanced ESCC require definitive radiation 
therapy. In 2013, a randomized controlled trial (RCT) 
study found no significant difference in the 5‑year survival 
rate between definitive concurrent chemoradiotherapy 
and surgical treatment for patients with middle and lower 
thoracic ESCC  (7). By 2020, radiation therapy achieved 
a 5‑year survival rate similar to that of surgical treatment, 
at ~50% for cervical ESCC, increasing the opportunity of 
preserving the esophagus  (8). Based on the results of the 
Radiation Therapy Oncology Group (RTOG) 85‑01 (9) trial, 
concurrent chemoradiotherapy has become the standard 
treatment modality for unresectable locally advanced ESCC 
since the year 1999. Over the course of the past two decades, 
novel therapeutic therapies and strategies have continuously 
and gradually been introduced. The present review therefore 
aimed to elaborate in detail on the progress that has been 
made with novel treatment methods for unresectable locally 
advanced ESCC.
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2. Surgery

Esophagectomy is the main treatment strategy for ESCC. 
However, as described in a previous study by the authors (10), 
compared to surgery alone, neoadjuvant therapy combined 
with surgery improved the rate of complete (R0) resection and 
prolonged the median overall survival time of patients with 
locally advanced resectable ESCC. When ESCC invades the 
aorta, airway, or spine, it was traditionally considered to be 
unresectable (11); however, the question remained whether 
an esophagectomy could benefit such patients. A previous 
single center, retrospective study investigated the possibility 
of esophagectomy for patients with EC at clinical stage T4 that 
invaded the airways (12). Following 4‑6 weeks of conversion 
therapy with chemoradiotherapy, subtotal esophagectomy and 
regional lymph node dissection was performed; a reasonable 
2‑year overall survival (OS) rate of 29% was reported (12). 
Another prospective phase II study demonstrated that 40% 
(19/48) of patients with EC at clinical stage T4 or supraclavic‑
ular lymph node metastasis achieved R0 resection following 
conversion therapy with chemoradiotherapy, and their 2‑year 
survival rate reached a notable 80% (13). However, it should 
be noted that, in that study (13), none of the surgeries involved 
airway or aortic resection, which suggests that only patients 
with successful conversion therapy may benefit from surgical 
treatment (11). For patients undergoing salvage esophagec‑
tomy, which is defined as esophagectomy following the failure 
of definitive chemoradiotherapy, the mortality rate within 
90 days after salvage esophagectomy can reach 17.1%, and for 
patients who do not relapse after definitive chemoradiotherapy, 
the mortality rate within 90 days after surgery can reach 
9.8% (14). Therefore, although salvage surgery may alleviate 
certain symptoms caused by tumor recurrence, the relatively 
high post‑operative complications and mortality rate require 
this surgery to be performed in a highly selective popula‑
tion (15).

3. Concurrent chemotherapeutic regimens

The combination of cisplatin and 5‑fluorouracil (5‑FU) is the 
most commonly applied radical concurrent chemotherapeutic 
regimen for ESCC (9,16). Different concurrent chemothera‑
peutic regimens can result in different outcomes due to different 
adverse events (17). Compared with cisplatin, oxaliplatin has 
the advantages of low nephrotoxicity with less necessity for 
hydration (18). According to the American Joint Commission 
on Cancer (AJCC) Cancer Staging Manual, 6th edition (19), 
in a previous study, 229 patients with stage I‑IVA ESCC were 
randomly divided into either the oxaliplatin, folic acid and 
5‑FU (FOLFOX) group or the cisplatin and 5‑FU (DF) group, 
with both groups receiving 50 Gy radiotherapy delivered in 
25 fractions. The objective response rate (ORR) was found 
to be 66% for the FOLFOX group, compared with 65% for 
the DF group. The median progression‑free survival (PFS) 
time in the FOLFOX and DF groups were 9.7 and 9.4 months, 
respectively (P=0.640). In addition, the median overall 
survival (OS) time for the FOLFOX and DF groups was 20.2 
and 17.5 months, respectively (P=0.70). Among all categories 
of adverse events recorded, paresthesia (47 vs. 3%), sensory 
neuropathy (18 vs. 1%), elevated concentrations of aspartate 

aminotransferase (11 vs. 2%) and alanine aminotransferase (8 
vs. 2%) were found to be more common in the FOLFOX group. 
By contrast, an increase in the serum creatinine concentration 
(3 vs. 12%), mucositis (27 vs. 32%), hair loss (2 vs. 9%) were 
observed more common in the DF group (18).

For patients with renal dysfunction and the elderly, carbo‑
platin may be used instead as a replacement for cisplatin (20). 
As such, the efficacy of carboplatin in combination with pacli‑
taxel and 5‑FU has been previously investigated. In a previous 
study (21), patients with stage IIa‑IVa ESCC according to the 
AJCC 6th edition (19), were randomly divided into the following 
treatment groups: i) Paclitaxel combined with 5‑FU; ii) pacli‑
taxel combined with cisplatin; and iii) paclitaxel combined with 
carboplatin. All three groups received the same radiotherapy 
regimen, intensity‑modulated radiotherapy (IMRT) was used, 
with the radiation dose of the planned target volume (PTV) 
being 61.2 Gy/34 F. The 1‑, 2‑ and 3‑year OS rates in the pacli‑
taxel combined with 5‑FU group were found to be 79.4, 62.6 
and 57.2%, respectively. By contrast, the 1‑, 2‑ and 3‑year OS 
rates for the paclitaxel combined with cisplatin group were 81.3, 
66.7 and 60.1%, respectively, whilst and those for the paclitaxel 
combined with carboplatin group were 79.4, 60.5 and 56.5%, 
respectively. No advantages could be observed in terms of either 
local recurrence‑free survival or distant metastasis‑free survival 
rates after comparing the three groups. However, a higher inci‑
dence of different acute grade 3 or 4 hematological toxicities 
was noted in the cisplatin group, such as neutropenia (60.8% in 
the cisplatin group vs. 17.8% in the 5‑FU group vs. 34.6% in the 
carboplatin group; P<0.001) and thrombocytopenia (13.1% in 
the cisplatin group vs. 3.7% in the 5‑FU group vs. 4.7% in the 
carboplatin group; P=0.010) (21).

An exploration of the efficacy of concurrent chemotherapy at 
a higher treatment intensity with docetaxel, cisplatin and 5‑FU 
(DCF) was also previously conducted (22). The initial radiation 
dose was set at 61.2 Gy/34 F; however, due to severe esophagitis 
observed during the treatment period, the radiation dose was 
later reduced to 50.4 Gy/28 F. The number of cycles of DCF 
administered was also decreased from four to three. The results 
revealed that the overall clinical complete response rate was 
52.4%, specifically 33.3% in the 61.2 Gy group and 60.0% in the 
50.4 Gy group. The median PFS of the entire group of patients 
was 11.1 months, with the median OS of 29.0 months, and the 
1‑year OS rate of 66.1%, whereas the 3‑year OS rate was 43.9%. 
Furthermore, in this identical entire group of patients, adverse 
events of grades ≥3 included leukopenia (71.4%), neutropenia 
(57.2%), anemia (16.7%), febrile neutropenia (38.1%), anorexia 
(31.0%) and esophagitis (28.6%) with 26.2% of the patients 
also experiencing esophageal stenosis following radiotherapy 
and chemotherapy, However, all cases of stenosis were allevi‑
ated after dilation treatment (22). Compare with those yielded 
by dual medicine chemotherapy  (21), the DCF concurrent 
chemotherapy resulted in similar 1‑ and 3‑year survival rates, 
but with a higher probability of bone marrow suppression and 
esophagitis. Therefore, in patients with ESCC coupled with a 
poor nutritional status, caution needs to be exercised regarding 
the use of DCF as their concurrent chemotherapy method.

Since patient tolerance to intravenous chemotherapy typi‑
cally decreases with age, it may be difficult for patients aged 
≥70 years to receive concurrent dual‑drug chemotherapy. S‑1 is 
a form of oral chemotherapeutic strategy that is widely applied 
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in East Asia, where studies have previously shown that it can 
achieve good levels of efficacy and safety for the treatment of 
ESCC (17,23). Wang et al (24) conducted a RCT to compare 
the feasibility of radical radiotherapy with or without S1 in 
patients with ESCC that satisfied the following categories: 
i) an age ≥70 years; ii) patients with ESCC staging II‑III or 
limited to clinical stage IV with metastatic lymph node metas‑
tasis in the supraclavicular or abdominal trunk area according 
to the AJCC 6th edition (19); and iii) patients with an Eastern 
Cooperative Tumor Group (ECOG) performance score of 
≤1. Subjects at risk of malnutrition would receive nutritional 
intervention through a nasal feeding tube or gastrostomy. 
S‑1 was orally administered during radiotherapy, with four 
cycles of consolidation after the end of the radiotherapy. The 
radiotherapy employed was either IMRT or volume‑modulated 
arc therapy. The radiation dose of PTV was administered at 
50.4 Gy, whilst the planning gross target volume (GTV) was 
defined as gross target volume + uniform 0.5 cm edge, and 
the radiotherapy was administered at a dose of 59.92  Gy 
[equivalent dose in 2 Gy fractions (EQD2)=60.62 Gy]. The 
1‑year (72.2 vs. 62.3%) and 3‑year (46.2 vs. 33.9%) OS rates 
in the radiotherapy + S1 [definitive concurrent chemoradio‑
therapy (dCCRT)] group were found to be significantly higher 
compared with those in the radiotherapy‑alone group. In 
addition, the dCCRT group did not confer any increases in the 
incidence of adverse events at levels ≥3 associated with those 
treatment (24). A different retrospective study compared the 
efficacy and adverse events rates between single‑agent and 
dual‑agent as concurrent chemotherapy regimen. Single‑agent 
regimens included 5‑FU, S1, capecitabine, cisplatin, carbo‑
platin, oxaliplatin, paclitaxel or docetaxel. The results revealed 
that for patients with unresectable ESCC, dual‑agent concur‑
rent chemotherapy tended to improve the 5‑year PFS and OS 
rates compared with those in the single‑agent group. The inci‑
dence of grade 3‑4 toxicity events in single‑agent group was 
lower compared with that in the dual‑agent regimen group. 
However, the efficacy differences among the different single 
agents alone were not investigated (25).

In conclusion, based on the currently available clinical 
trial results, the preferred concurrent chemotherapy regimen 
for ESCC is cisplatin combined with 5‑FU (26). Results from 
prospective studies have suggested that there is no significant 
difference in either the ORR or the 3‑year OS rate, comparing 
among the different dual‑agent combination chemotherapy 
regimens, although differences in adverse events have 
been observed  (18,21). Compared with dual‑agent chemo‑
therapy (21), the triple‑agent regimen of DCF does not appear 
to improve the 1‑ and 3‑year OS rates, although the incidence 
of grade ≥3 adverse events is significantly increased (22). For 
elderly patients with EC who are >70 years of age, the addi‑
tion of S1 into concurrent chemotherapy appeared to achieve 
longer 3‑year OS rates compared with radiotherapy alone, with 
no apparent association with any increases in treatment‑asso‑
ciated grade ≥3 adverse events (24). The findings of selected 
clinical trials are summarized in Table I.

4. Radiation dose

The RTGO 94‑05 trial (16) previously established dCCRT 
with a standard radiation dose of 50 Gy/25 F as the standard 

treatment method for inoperable locally advanced ESCC. 
However, the locoregional failure (LRF) rate was found to 
reach 47% when this radiation dose was used (26). The treat‑
ment experience of patients with cervical cancer has led to the 
proposal that delivering sufficient radiation doses to tumors 
can lead to significant reductions in the local recurrence 
rates (27). Therefore, multiple clinical studies on the efficacy 
of curative radiotherapy for ESCC have used radiation doses 
of ≥60 Gy  (21,24). For the treatment of locally advanced 
ESCC, a retrospective study (28) compared the efficacy and 
safety of simultaneous integrated boost (SIB)‑IMRT at an 
EQD2 of 60.36‑67.66 Gy and standard dose (SD)‑IMRT with 
a radiation dose of 60 Gy/30 F during concurrent radiotherapy. 
After performing propensity matching analysis, compared 
with SD‑IMRT, SIB‑IMRT was found to significantly prolong 
of the median PFS (18 vs. 13 months; P=0.003) and OS (22 
vs. 16 months; P=0.021). The 5‑year local recurrence rates of 
SIB‑IMRT and SD‑IMRT were found to be 36.2 and 50.7%, 
respectively. Radiation pneumonitis (≥3) occurred in 2.9% of 
the patients who received SIB‑IMRT therapy, compared with 
7.2% of the patients in the SD‑IMRT group (28). In addition, a 
previous meta‑analysis (29) containing 18 relevant studies also 
reported that patients receiving ≥60 Gy radiation had a signifi‑
cantly higher OS rates compared with those receiving <60 Gy, 
particularly in Asian countries. However, it should be noted 
that since retrospective studies typically have a large time 
span of initiation, there may be significant differences in the 
technical equipment used and in processing factors. Therefore, 
even if a propensity score matching (PSM) analysis has been 
performed, there factors can remain that can confound the 
observed results (28).

By contrast, prospective studies (16,30) did not support 
the conclusions that ≥60 Gy radiation dose can achieve a 
significantly higher OS rate compared with 50.4 Gy or 50 Gy. 
The RTOG 94‑05 trial (16) compared differences in efficacy 
between the radiation dose of 50.4 Gy/28 F and a higher radia‑
tion dose of 64.8 Gy/36 F in ESCC. No significant differences 
were observed in the median OS (13 vs. 18 months), the 2‑year 
OS rate (31 vs. 40%) or the LRF rate (56 vs. 52%) between 
the two groups. The incidence rates of acute adverse events 
of grade ≥3 in the 64.8 Gy/36 F and the 50.4 Gy/28 F groups 
were 76 and 71%, respectively (16). Supporting these findings, 
another pair of different phase III clinical trials (31,32) also 
demonstrated that increasing the radiation dosage to 61.6 Gy 
or 66 Gy did not result in any significant benefits with respect 
to local control or median OS compared to 50.4 Gy or 50 Gy.

With 2D radiation therapy, extreme caution must be taken, 
since this method also frequently damages normal tissues 
due to the wide irradiation range applied. At present, IMRT 
and volumetric modulation arc radiotherapy (VAMAT) are 
widely used. It has been previously reported that these two 
radiotherapy technologies are advantageous in terms of 
target coverage and normal tissue protection compared with 
traditional 2D radiotherapy technologies (33,34). A previous 
meta‑analysis (35) included three phase III RCT studies in 
which modern radiotherapy techniques were used, such as 
3‑dimensional conformal radiotherapy, IMRT, image‑guided 
radiation therapy and VAMAT. Specifically, the efficacy and 
adverse events as a result of high dose (HD: ≥59.4 Gy/1.8 Gy) 
and standard dose (SD: 50  Gy/2  Gy or 50.4  Gy/1.8  Gy) 
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radiotherapy combined with concurrent chemotherapy for 
stage I‑IVa ESCC (where stage IVa refers to the spread of 
supraclavicular lymph nodes) were compared. The results 
revealed that there were no significant differences in the 1‑, 
2‑ or 3‑year OS rates between the HD and the SD groups, 
nor were there any significant differences in the local recur‑
rence‑free rates in 2 or 3 years. The incidence of grade ≥3 
treatment‑associated toxicity in the HD group was found to be 
significantly higher compared with that in the SD group [odds 
ratio (OR), 1.36; P=0.048]. However, no significant differences 
in treatment‑associated mortality were observed between the 
two groups (OR, 1.38) (35).

In conclusion, the recommended dosage of radiotherapy 
for locally advanced non‑surgical ESCC for patients under‑
going radical concurrent chemoradiotherapy appears to be 
50.4 Gy/28 F or 50 Gy/25 F, even with the use of modern 
radiotherapy techniques (35). At present, to the best of knowl‑
edge, no RCTs have suggested that higher radiation doses 
are associated with any additional survival or local control 
probability benefits (30). A possible reason for this is that, as 
a hollow organ, the esophagus is not protected by surrounding 
tissues, unlike other types of tumors. As the radiation dose 
increases, the organ is more prone to esophagitis and esopha‑
geal perforation, suggesting that the esophagus is one of the 
most critical organs for which the radiation dosage require 
strict regulation (31,36). The radiation‑resistance of ESCC 
may provide another reason. For radiation‑resistant indi‑
viduals, even with a radiation dose of 60 Gy, the tumor cells 
cannot be killed (30). The combination of radiotherapy with 
other treatment methods may therefore provide the direction 
of future treatment efforts (37). Selected studies on this topic 
are summarized in Table II.

5. Radiation field

Due to the hollow structure of the esophagus and the thick‑
ening of the esophageal wall during contraction, it is difficult to 
accurately determine the boundary of GTV using one specific 
examination method. Each detection method has its own set of 
own advantages and disadvantages. Gao et al (38) previously 
compared the length of esophageal tumors detected by endos‑
copy, CT images and barium meal followed by X‑ray film 
analysis with the corresponding length measured pathologi‑
cally following surgery. The results revealed that, for middle 
and lower ESCC, an endoscopic examination and barium 
meal‑X‑ray were able to predict the pathological length of the 
lesion more accurately. The average lesion length according 
to the pathological analysis was found to be 3.82±1.87 cm, 
whereas the measurements according to endoscopic examina‑
tion and barium meal‑X‑ray examination were 3.88±1.93 cm 
and 3.78±1.77 cm, respectively. However, the length of the 
lesion was significantly overestimated by the CT images 
(4.48±2.48 vs. 3.82±1.87 cm; P<0.05). However, it should be 
noted that for early‑stage ESCC, when there are no significant 
changes in the shape of the esophageal mucosa, it is difficult 
to diagnose esophageal lesions using barium meal followed by 
X‑ray. In locally advanced ESCC, severe esophageal stenosis 
renders it difficult for an endoscope to pass through the esoph‑
agus to accurately determine the length of the lesion (39). In 
addition, the observer consistency index of fluorodeoxyglucose 

(FDG)‑PET‑CT was previously found to be 72.7%, compared 
with 69.1% when using CT alone (40). Both inflamed and tumor 
tissues are associated with a high glucose uptake, making it 
difficult for FDG‑PET‑CT imaging to distinguish between the 
two (41). However, [18F]‑fluoro‑3'‑deoxy‑3'‑L‑fluorothymidine 
(18F‑FLT) can be used as a marker of cell proliferation, which 
can facilitate the delineation between tumors and inflamed 
tissues (42). Compared with FDG‑PET‑CT, the implementation 
of an FLT‑PET‑CT‑based radiotherapy plan may significantly 
reduce the radiation dose erroneously delivered to the heart and 
lungs, courtesy of the advantage afforded by the more precise 
identification of tumors (43). The position of the esophagus is 
influenced both by breathing and heartbeat, whilst the position 
of the middle and lower esophagus is also affected by gastric 
peristalsis (38). The use of four‑dimensional CT technology 
has been demonstrated to reduce the incidence of errors caused 
by the aforementioned peristaltic movements (44). MRI is a 
non‑invasive and non‑radiative technique that can provide 
accurate soft tissue contrast and is also recommended for the 
diagnosis of ESCC (45). Li et al (46) previously reported that 
the length of the ESCC tumor determined using endoscopy 
was similar to that measured using FDG‑PET and MRI scans. 
In particular, no significant differences were noted in terms of 
the longitudinal length between GTV delineated on FDG‑PET 
with lesions of uptake value ≥2.5 and GTV delineated on 
MRI‑diffusion weighted images.

The range of tumor dispersal as determined under a 
microscope is also important for delineating the clinical target 
volume (CTV). Gao et al (38) previously collected surgical 
specimens of ESCC and analyzed the extent of tumor infiltra‑
tion along the esophagus under a microscope. In ~94% cases 
of ESCC, the infiltration range of tumors under the micro‑
scope was observed to be 3 cm along the general tumor of the 
esophagus towards the proximal segment and 3 cm towards 
the distal segment.

Lymphatic tissues may also be connected extensively and 
vertically along the esophageal wall. Even in relatively early 
stages T1a or T1b, the probability of mediastinal and cervical 
lymph node metastasis can reach >50%, regardless of which 
segment of the esophagus the primary tumor is located in (47). 
This led to the theoretical basis and proposal of elective nodal 
irradiation (ENI). However, the results of subsequent clinical 
trials do not support this proposal, since a large irradiation 
field may lead to more severe adverse events. A previous 
study on the efficacy of large irradiation field (16) reported 
that 25‑60% of patients will experience acute toxicity events 
of level ≥3. Due to the high incidence of adverse reactions 
caused by ENI irradiation, a radiation dose of 36 Gy has been 
recommended in the ENI region instead of a higher dose (48). 
After narrowing the irradiation range, whilst only irradiating 
the primary tumor and metastatic regional lymph nodes, 
only 8% experienced regional lymph node recurrence (49). 
Wang et al  (50) retrospectively analyzed 131 patients with 
locally advanced cervical ESCC who underwent radical 
concurrent chemoradiotherapy. In the involved‑field irradia‑
tion (IFI) group, the nodal CTV (CTVnd) included the regional 
lymph node GTV (GTVnd) and an edge of 0.3‑0.5 cm with or 
without the involved lymph node regions, in which appropriate 
adjustments were made based on the anatomical barrier. In the 
ENI group, CTVnd covered the high‑risk lymph node area and 
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the lymph node area where metastasis occurred, including the 
lower neck, bilateral supraclavicular fossa and upper medias‑
tinum (from the cricoid cartilage to the lower border of the 
azygos vein). Following PSM analysis, the median OS time 
was found to be 32.0 months, whereas the 1‑, 3‑, 5‑ and 8‑year 
incidence rates were found to be 83.7, 48.5, 38.5 and 31.1% 
in the ENI group, respectively. By contrast, whereas in the 
IFI group, the median OS time were 45.2 months, whilst the 
1‑, 3‑, 5‑ and 8‑year incidence rates were 89.8, 52.5, 37.5 and 
26.1%, respectively. The LRF rates were also similar between 
the ENI and IFI groups (36.7 vs. 30.6%). The incidence of 
leukopenia (59.2 vs. 38.8%) and neutropenia (30.6 vs. 14.3%) 
in the ENI group was higher compared with that in the IFI 
group (50). Similar conclusions were also drawn from another 
study conducted by Chen et al (51), who utilized neoadjuvant 
therapy. Follow‑up results revealed that the ENI group had a 
higher probability of developing grade ≥2 radiation pneumo‑
nitis (30.3 vs. 17.6%; P=0.004) and pericardial effusion (26.7 
vs. 11.8%; P=0.021). The probability of postoperative fistula 
occurring in the ENI group was also significantly higher (10.3 
vs. 2.9%; P=0.026) (51). A prospective RCT study (52) also 
confirmed that the survival rates resulting from the use of ENI 
or IFI were similar, although the incidence of treatment‑asso‑
ciated acute esophagitis and acute pneumonitis was higher in 
patients with thoracic ESCC when ENI was applied.

Compared with IFI, ENI should theoretically be able to 
kill cancerous lesions more potently, thereby increasing the 
probability of local control. However, the results of clinical 
trials do not support this prediction. ENI can lead to increases 
in heart, lung and bone marrow toxicity (51). In addition, the 
inability of ENI to enhance the efficacy of small cancerous 
lesions killing may be associated with the possibility that ENI 
can decrease lymphocyte levels. Uninvolved lymph nodes 
are crucial in mediating antitumor immune responses (53). A 
recent study (54) found that the estimated dose of radiation to 
immune cells was >2.178 Gy, which may lead to a decrease in 
cancer‑specific survival and PFS rates.

The failure of radiotherapy for ESCC is mainly due to the 
survival of local residual cancer cells and recurrence, with 
a local recurrence rate of >40%, with the majority of local 
radiotherapy failures occurring within the GTV (55,56). It is 
therefore of utmost importance to combine multiple examina‑
tion methods, such as endoscopy, esophagography, CT, MRI 
and PET to accurately deduce the GTV. Using a microscope to 
measure the infiltration length of tumor cells along the esopha‑
geal wall in surgical specimens of ESCC, the CTV should be 
defined as extending 3 cm above and below the esophageal 
GTV (38). Despite the wide range and high probability of lymph 
node metastasis in ESCC, clinical studies have confirmed that 
IFI and ENI irradiation can achieve similar local control rates, 
although the probability of pericardial effusion, pneumonia, 
esophagitis and bone marrow suppression is lower when IFI 
was applied (49).

6. Induction chemotherapy followed by dCCRT

Induction chemotherapy is able to eliminate micrometastasis, 
reduce tumor volume, improve internal hypoxia and provide 
favorable conditions for radical concurrent radiotherapy and 
chemotherapy  (57). This treatment modality has achieved 

promising results in head and neck tumors (58). Therefore, for 
locally advanced unresectable ESCC, induction chemotherapy 
combined with dCCRT is theoretically a feasible approach.

Previous retrospective studies (59,60) have demonstrated 
that the combination of induction chemotherapy and dCCRT 
can confer survival benefits compared with dCCRT alone, with 
tolerable adverse reactions rates. Wang et al (60) retrospec‑
tively analyzed 267 patients with locally advanced thoracic 
ESCC who received radical concurrent chemoradiotherapy 
with or without induction chemotherapy, with two cycles of 
docetaxel and cisplatin induction chemotherapy arranged. The 
median follow‑up time was 18 months. The results obtained 
revealed that the ORRs of the induction chemotherapy + 
dCCRT group and dCCRT alone group were 74.1 and 58.8%, 
respectively (P=0.035). In addition, the 3‑year OS rates were 
44.2 and 29.7%, respectively (P=0.028). The 3‑year PFS rates 
were 34.8 and 15.4%, respectively (P=0.015). Subgroup anal‑
ysis revealed that the 3‑year OS (P=0.002), PFS (P=0.001) and 
local recurrence‑free survival (P=0.002) rates of the effective 
for induction chemotherapy group were higher compared with 
those of the unresponsive to induction chemotherapy group, 
although the distant metastasis‑free survival rate between the 
two groups was similar (P=0.116). However, the induction 
chemotherapy + dCCRT group had a significantly higher 
rate of grade ≥3 leukopenia compared with the dCCRT alone 
group (38.8 vs. 24.7%; P=0.048) (60).

By contrast, prospective studies  (61,62) have not been 
able to confirm these conclusions. Minsky et al (61) previ‑
ously studied 45 cases of clinical stage T1‑4N0‑1M0 ESCC. 
The induction chemotherapy regimen involved the use of 
5‑FU and cisplatin, once a month, for a total of three cycles. 
Subsequently, concurrent chemoradiotherapy was initiated, 
with an equivalent biological radiation dose of 64.8  Gy. 
In total, 91% patients completed the entire treatment plan. 
During the treatment process, 6 patients succumbed, of whom 
5 (11%) succumbed due to treatment‑associated complications. 
The median OS was 20 months (61), similar to that reported 
in the RTOG 85‑01 trial (9). Another recent phase II RCT 
also failed to prove that induction chemotherapy was able to 
confer any survival benefits, with the exception of patients 
who responded effectively to the induction chemotherapy 
group (62). This previous RCT study (62) randomly divided 
110 patients with locally advanced inoperable ESCC into 
the induction chemotherapy + dCCRT and dCCRT alone 
groups. The induction chemotherapy regimen was docetaxel 
(75 mg/m2 on day 1) combined with cisplatin (75 mg/m2 on 
day 1), once every 3 weeks, for a total of two cycles. In total, 
>92.7% patients in both groups received IMRT with the same 
equivalent biological radiation dose of 60 Gy. In the induc‑
tion chemotherapy + dCCRT group, the proportion of patients 
completing concurrent chemotherapy for 2, 3, 4 and 5 weeks 
during radiotherapy was 100.0, 90.9, 83.6 and 65.5%, respec‑
tively. The corresponding proportions for the dCCRT alone 
group were 100.0, 98.2, 87.3 and 80.0%, respectively. The 
ORR for induction chemotherapy was 45.5%. The ORRs of 
the induction chemotherapy + dCCRT and the dCCRT alone 
groups were 74.5 and 61.8%, respectively. With a median 
follow‑up of 24.8 months, the recurrence or death rates were 
found to be 70.9% in the induction chemotherapy + dCCRT 
group and 69.1% in the dCCRT alone group. The 3‑year OS 
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(41.8 vs. 38.1%) and 3‑year PFS (30.6 vs. 29.8%) rates in the 
induction chemotherapy + dCCRT and dCCRT groups were 
found to be similar. However, compared with patients who 
did not respond to induction chemotherapy, patients who 
responded to induction chemotherapy had significantly higher 
survival rates, with corresponding 3‑year OS rates of 80.0 vs. 
10.0% (P<0.001) (62). The results from that study (62) suggest 
that induction chemotherapy is able to serve as a means of 
screening for beneficiaries of such treatment.

There have also been studies that have attempted to increase 
the intensity of chemotherapy (63) or screen for responders to 
induction chemotherapy (64) to improve the efficacy of induc‑
tion chemotherapy + dCCRT treatment. However, compared 
with dCCRT alone, the combination of induction chemotherapy 
with a triplet regimen (docetaxel, cisplatin and 5‑FU) was not 
found to prolong the median OS of patient with locally advanced 
ESCC (63). Another retrospective study (64) divided patients with 
locally advanced ESCC into low‑, medium‑ and high‑risk groups 
according to the FDG‑PET uptake value of esophageal tumors 
before treatment, tumor length and patient age. The results revealed 
that compared with those in the dCCRT alone group, the PFS and 
local recurrence‑free survival rates in the induction chemotherapy 
+ dCCRT group were significantly improved in high‑risk patients 
[FDG‑PET‑maximum standardized uptake value (SUVmax) <9.7 
and tumor length >5 cm, or FDG‑PET‑SUVmax ≥9.7 and age 
<67 years]. However, the addition of induction chemotherapy did 
not improve the prognosis for low‑ or medium‑risk patients (64). 
Another previous meta‑analysis (65) found that induction chemo‑
therapy only prolonged the 1‑year survival rate of paitents with 
non‑surgical locally advanced ESCC, with no significant differ‑
ences noted in the 2‑ and 3‑year survival rates compared with 
those in the concurrent chemoradiotherapy alone group. This 
suggests that induction chemotherapy can only delay the time of 
tumor progression.

In conclusion, based on the cumulative results from currently 
available clinical studies, to the best of our knowledge, no 
evidence has yet been provided to support the prolongation of 
2‑ or 3‑year OS rates or PFS rates by induction chemotherapy 
for unresectable locally advanced ESCC. However, in patients 
who effectively respond to receive induction chemotherapy, 
the median OS and PFS may be extended (62). Despite the lack 
of high‑level evidence, in clinical practice, >30% patients with 
locally advanced ESEC have received induction chemotherapy 
prior to dCCRT treatment (66). The results from the selected 
studies are summarized in Table III.

7. Consolidation chemotherapy following dCCRT

The main purpose of concurrent chemotherapy is to increase 
sensitivity to radiation. To ensure safety, low‑intensity chemo‑
therapy regimens are frequently used, such as reducing the 
dosage of chemotherapeutics (62) or extending the chemo‑
therapy interval to 4 weeks (61). Insufficient chemotherapy 
intensity may lead to the incomplete eradication of subclinical 
metastasis disease, though consolidation chemotherapy may 
compensate for this deficiency.

Xia  et  al  (67) retrospectively analyzed the efficacy of 
consolidation chemotherapy in patients with locally advanced 
ESCC that could not be surgically removed. The patients were 
divided into the induction chemotherapy + dCCRT group 

(n=52), dCCRT alone group (n=64) and dCCRT + consolidation 
chemotherapy group (n=70). All patients received IMRT as the 
radiotherapy modality, where the median equivalent biological 
radiation dose was 60 Gy. The results revealed that the 1‑, 2‑ and 
3‑year OS rates in the dCCRT + consolidation chemotherapy 
group were higher compared with those in the dCCRT alone 
and induction chemotherapy + dCCRT groups (P=0.002). The 
1‑, 2‑ and 3‑year OS rates of the induction chemotherapy + 
dCCRT group were 50.9, 37.5 and 25%, respectively. For the 
dCCRT alone group the 1‑, 2‑ and 3‑year OS rates were 72.2, 
52.5 and 29.5%, respectively. For the dCCRT + consolida‑
tion chemotherapy group, the 1‑, 2‑ and 3‑year OS rates were 
89.8, 59.0 and 42.5%, respectively (67). Another retrospective 
analysis (68) previously found that 3‑4 cycles of consolidation 
chemotherapy achieved longer median OS compared with the 
group receiving only 1‑2 cycles (55 vs. 21 months). In addition, 
a previous meta‑analysis including 11 retrospective studies 
encompassing 2,008 cases of ESCC (69) also confirmed the 
dCCRT + consolidation chemotherapy could increase in the 
median OS [hazard ratio (HR)=0.72; P<0.001] and median 
PFS (HR=0.61; P=0.003) compared with that in the dCCRT 
alone group.

However, the results reported in the study by Chen et al (70) 
do not support the conclusion that consolidation chemotherapy 
can prolong the median OS (34.6 months in the dCCRT + 
consolidation chemotherapy group vs. 35.0 months in the 
dCCRT alone group), or even increase the 2‑year local control 
probability. A previous prospective study (18) reported on 
the clinical course of 229 patients with stages I‑IVA ESCC 
according to the AJCC 6th edition (19) who received either 
three cycles of consolidation chemotherapy comprising 
FOLFOX or two cycles of consolidation chemotherapy 
comprising DF after dCCRT. The median OS for the FOLFOX 
and DF groups were found to be 20.2 and 17.5 months, respec‑
tively. The median OS reported in this previous study (18) were 
similar to the results reported by other studies that did not 
apply consolidation chemotherapy (70). Although a number 
of additional prospective studies have adopted the regimen of 
consolidation chemotherapy (21,22,24), they did not compare 
the efficacy and adverse events between patients who received 
consolidation chemotherapy and those who did not.

There may be several reasons for the inconsistent conclu‑
sions drawn from studies on consolidation chemotherapy for 
ESCC. There is an issue with heterogeneity in retrospective 
studies  (69). In addition, only those patients who do not 
respond effectively to dCCRT can benefit from consolida‑
tion chemotherapy. Zhao et al (71) previously reported that 
in patients for whom the efficacy of dCCRT was deemed 
poor (disease progression or stable disease), compared with 
those in the dCCRT alone group, the dCCRT + consolidation 
chemotherapy group exhibited significantly improved median 
OS (28 vs. 18.5 months; P=0.015) and median PFS (18.2 vs. 
11.3 months; P=0.041). However, in patients who did respond 
(complete or partial remission) to dCCRT, the dCCRT + 
consolidation chemotherapy group did not exhibit improve‑
ments in the median OS (48.6 vs. 44.5 months; P=0.753) or 
median PFS (24.3 vs. 23.5 months; P=0.434) compared with 
dCCRT alone.

In conclusion, based on the currently available clinical 
research results, the retrospective studies do tend to support 
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the notion of the survival benefits conferred by consolidation 
chemotherapy, although there is a lack of prospectiveclinical 
data to support it. Although several prospective studies have 
adopted consolidation chemotherapy (21,22), no comparisons 
have been made of the benefits conferred by consolidation 
chemotherapy addition. The results from selected articles are 
summarized in Table IV.

8. Immune checkpoint inhibitors combined with dCCRT

Induction with immune checkpoint inhibitors (ICIs) followed 
by dCCRT. Compared with chemotherapy alone, chemotherapy 
combined with ICIs has been demonstrated to achieve a higher 
ORR (72) and a prolonged median OS rate (73) in patients 
with metastatic ESCC. Therefore, this treatment has been 
proposed for unresectable locally advanced ESCC. However, 
to the best of our knowledge, results from only one clinical 
study are available at present.

A previous single‑arm, phase II clinical trial (74) evalu‑
ated the efficacy and safety of induction chemotherapy plus 
camrelizumab followed by dCCRT in patients with unresect‑
able locally advanced ESCC. The treatment regimen consisted 
of two cycles of induction therapy with nab‑paclitaxel, carbo‑
platin and camrelizumab. Subsequently, patients received 
dCCRT consisting of two cycles chemotherapy with 5‑FU 
and cisplatin, with a radiation dose of 50‑66 Gy delivered in 
25‑30 fractions. The confirmed ORR was 97.6%, whereas the 
1‑year PFS and OS rates were 74.2 and 87.6%, respectively. 
The most common grade ≥3 adverse treatment‑associated 
complications were thrombocytopenia (23.9% of the cases), 
anemia (21.7%), leukopenia (17.4%), esophagitis (13.0%), 
an elevated level of aspartate aminotransferase (13.0%), 
mesopenia (10.9%) and an elevated level of alanine amino‑
transferase (8.7%). A total of one treatment‑associated case 
of mortality was observed (74).

ICIs combined with dCCRT. It has been previously observed 
that the combination of radical radiotherapy and camreli‑
zumab confers beneficial safety and efficacy profiles in 
patients with locally advanced ESCC who do not tolerate 
concurrent chemoradiotherapy (75,76). A phase Ib clinical 
trial (78) was conducted to investigate the efficacy of ICIs 
and concurrent chemoradiotherapy in unresectable locally 
advanced ESCC. A median follow‑up time of 23.7 months, 
before which 20 patients with locally advanced ESCC were 
administered the programmed death‑ligand 1 (PD‑L1) 
inhibitor, camrelizumab, and the angiogenesis blocker, 
apatinib, which were combined with concurrent chemo‑
radiotherapy (docetaxel plus cisplatin). This treatment 
resulted in OS and PFS rates ranging from 8.2‑28.5 months 
and 4.0‑28.5 months, respectively. The incidence rates of 
OS at 12 and 24 months were 85.0 and 69.6%, respectively. 
Radiation esophagitis (20% of the cases) and esophageal 
fistula (10% of cases) were the most common grade 3 treat‑
ment‑associated adverse events (77). In another single‑arm, 
phase II trial (78), toripalimab combined with dCCRT in 
42 untreated and unresectable cases of stage II‑IVA ESCC 
resulted in an 1‑year OS rate of 78.4% and an 1‑year PFS rate 
of 54.5%. However, a high incidence of adverse events was 
reported. Lymphopenia of grade ≥3 affected 86% patients, 

where 1 (2%) patient succumbed due to treatment‑associated 
pneumonia  (78). Dual immunotherapy with PD‑L1 
inhibitors and cytotoxic T‑lymphocyte associated protein 
4 inhibitors has also yielded beneficial therapeutic effects 
in other types of cancer (79,80). A small‑sample prospec‑
tive clinical study (81) previously enrolled 40 patients with 
stage T2‑T3N0M0 or T1‑T3N1‑N3M0 ESCC according to 
the AJCC, 7th edition (82). The therapy consisted of two 
cycles of 5‑FU, cisplatin, durvalumab (1,500 mg on day 
1, per 3 weeks) and tremelimumab (75 mg on day 1, per 
3 weeks, q3w), along with radiation therapy (60.2 Gy/28 
F or 64.5  Gy/30 F)  (81). After completing dCCRT, the 
patients received two additional cycles of consolidated 
durvalumab and tremelimumab treatment, followed by 
durvalumab monotherapy every 4 weeks for 2 years. The 
median follow‑up time was 27.5 months. The median PFS 
and median OS rates were not achieved. The incidence 
of PFS and OS at 24 months was observed to be 57.5 and 
75%, respectively. In the historical control group of this 
specific center (5‑FU + cisplatin combined with concurrent 
radiotherapy), the median follow‑up time was 26.1 months. 
The median PFS and OS times were 13.8 and 28.3 months, 
respectively. Compared with patients with PD‑L1 combined 
positive score (CPS) <1, patients with PD‑L1 CPS ≥1 had 
significantly longer PFS and median OS times. Among the 
adverse effects associated with immunotherapy, 1 patient 
developed grade ≥3 immune colitis, and 2 patients devel‑
oped grade ≥3 immune mediated pneumonia. In addition, 
1 patient experienced a grade 4 adverse event, namely an 
increase in lipases. No treatment‑associated mortality was 
observed (81).

According to the results of the aforementioned small‑sample 
prospective studies, the combination of ICIs and concurrent 
chemoradiotherapy may achieve superior efficacy compared 
with traditional radical concurrent chemoradiotherapy alone, 
with acceptable adverse events profiles. Phase III randomized 
trials, such as ESCORT‑CRT (NCT04426955), KEYNOTE 
975 (NCT04210115), RATIONALE 311 (NCT03957590) and 
KUNLUN (NCT04550260), are currently ongoing to inves‑
tigate the survival benefits of ICIs combined with definitive 
concurrent chemoradiotherapy. It is anticipated that these 
results from such trials will clarify the role of immunotherapy 
in locally advanced ESCC (37).

ICI consolidation following dCCRT. In the CheckMate‑577 
trial  (83), 1  year of administering adjuvant nivolumab 
after neoadjuvant concurrent chemoradiotherapy led to an 
improvement in the median disease‑free survival time in 
patients with residual disease on pathology compared with 
a placebo group (22.4 vs. 11.0 months). The efficacy of treat‑
ment using immunotherapy consolidation following dCCRT 
was also investigated (83). A previous clinical study (84) 
enrolled 11 patients with unresectable locally advanced 
ESCC who underwent dCCRT, followed by consolidation 
therapy with camrelizumab. At 14‑42 days after the end of 
dCCRT, camrelizumab (200 mg, day 1, q2w) was adminis‑
tered as consolidation treatment for 12 months. The disease 
control rate was found to reach 90%. The median PFS and 
OS were not reached at that point. In terms of safety, the 
incidence of adverse reactions was relatively low, with 
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the main adverse reactions being reactive skin capillary 
hyperplasia and pneumonia, both ranging from grades 1‑2. 
However, there was one case of grade 3 treatment‑associated 
pneumonia (84).

Bando et al (85) investigated the efficacy and safety of 
atezolizumab consolidation therapy for 1  year following 
dCCRT (radiation dose of 60 Gy) in patients with unresectable 
locally advanced ESCC. A total of 50 patients were enrolled, 
of whom 40 had primary non‑surgical locally advanced ESCC 
(group A) and the other 10 had locally recurrent ESCC after 
surgery (group B). The clinical complete response rates of 
groups A and B were found to be 40.0 and 50.0%, respectively. 
The median PFS and 12‑month PFS incidence rates in group 
A were 3.2 months and 29.6%, whereas the median OS and 
12‑month OS incidence rates were 31.0 months and 65.8%, 
respectively. Among 35 patients in which PD‑L1 expression 
could be evaluated, the clinical complete response rates for 
patients with tumor proportion score of PD‑L1 <1% and ≥1% 
were 44.4 and 41.2%, respectively. In particular, patients with 
higher populations of tumor‑infiltrating CD8+T cells and 
PD‑1+CD8+T cells had a higher clinical complete response rate. 
No mortality‑related events associated with the treatment were 
found (85). A summary of clinical trials of immunotherapy 
and dCCRT is presented in Table V.

9. Target therapy and dCCRT

Targeted therapy has been demonstrated to play a crucial role in 
the treatment of patients with advanced‑stage ESCC (86). The 
treatment targets for squamous cell carcinoma are typically 
directed against epidermal growth factor receptor (EGFR) and 
angiogenesis. Cetuximab is a monoclonal antibody against 
EGFR that specifically targets EGFR to inhibit its activation, 
thereby hindering ESCC progression. A previous preclinical 
study demonstrated that cetuximab was able to enhance the 
radiosensitivity of ESCC cell lines (87). In addition, combining 
cetuximab with neoadjuvant chemoradiotherapy has been 
shown to lead to an improvement in the pathological complete 
response rate  (88). However, this combination scheme has 
failed to prolong the median OS of patients with locally 
advanced ESCC. The SCOPE1 trial (89) investigated the feasi‑
bility of adding cetuximab to concurrent chemoradiotherapy 
in locally advanced clinical stage I‑III ESCC according to 
AJCC 6th edition (19). The follow‑up of 188 patients with 
ESCC who had already been enrolled revealed that the median 
OS time was shorter in the dCCRT plus cetuximab group (22.1 
vs. 25.4 months; adjusted HR=1.53, P=0.035) (89).

Apatinib is a small‑molecule tyrosine kinase inhibitor 
that is able to specifically bind to vascular endothelial growth 
factor‑2 and human EGFR type 2. According to the study by 
Zhang et al (77), the combination of apatinib and camreli‑
zumab combined with concurrent chemoradiotherapy led 
to a 24‑month OS rate of 69.6% in locally advanced ESCC, 
although the treatment‑associated grade ≥3 adverse events 
remain to be addressed (77). At present, studies on targeted 
therapy for ESCC are mainly focused on the second‑ and 
third‑line treatment of advanced ESCC (86). However, it is 
expected that targeted therapy will serve a key role in the 
development of novel adjuvant and radical treatments for 
ESCC in the future.

10. Conclusions and future perspectives

In the present review, the latest advances in the treatment 
of unresectable locally advanced ESCC, including the 
selection of concurrent chemotherapy regimens, recom‑
mendations for radiation dose and target area and the 
value of combining dCCRT and induction chemotherapy 
or consolidation chemotherapy were all summarized 
and discussed. The combination of immune checkpoint 
inhibitors and dCCRT is a direction that warrants further 
exploration, although the timing ICI treatment initiation 
remains controversial. Further clinical studies are required 
to address this issue.

Targeted therapy for ESCC remains another research 
field that is garnering attention. Although the combina‑
tion of chemoradiation and targeted therapy leads to an 
improved efficacy and lower drug resistance compared 
with monotherapy, the incidence of adverse events caused 
by combination therapy remains unacceptable at present. 
There are almost certain to be numerous intersections 
among signaling pathways that are regulated by the targeted 
therapy, which can easily lead to unforeseen complications. 
Therefore, when developing novel therapies for targeted 
medicine, it is necessary to consider adverse events as a 
primary parameter.
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