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Introduction

Ranking as the sixth leading cause of cancer deaths (1), 
the prognosis for esophageal cancer remains dismal. Two 
major histological subtypes exist: adenocarcinoma (AC), 
which is most prevalent in North America and Europe, 
and esophageal squamous cell carcinoma (ESCC), which 
is predominant in Asia, Africa, and South America. 
ESCC and AC differ in terms of location of the tumor 
and tumor biology. Successful treatment of esophageal 
cancer requires a multidisciplinary approach consisting of 
surgery, chemotherapy, and radiotherapy (2-4). Moreover, 
as treatment strategies increase, individualization of 
treatment will likely achieve the best outcomes. Here, we 
review future perspective on adjuvant and perioperative 

multimodality treatments for resectable esophageal cancer.

Surgical procedures for esophageal cancer

Esophagectomy has been the mainstay in the treatment 
of curable esophageal cancer. A safe and effective surgical 
approach is important to eradicate the primary tumor and 
possible metastases. However, there are many different 
approaches. For AC, the standard procedure is an Ivor 
Lewis esophagectomy including a lower mediastinal and 
perigastric lymph node (LN) dissection. An intrathoracic 
anastomosis is conducted. The second operation technique 
is the transhiatal esophagectomy (5). Kurokawa et al. 
conducted a multicenter prospective interventional 
study to evaluate the distribution of LN metastasis of 
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esophagogastric junction (EGJ) cancer (6). The study 
reported that esophageal invasion longer than 4 cm is a 
risk factor for upper mediastinal LN metastasis, and they 
suggested upper mediastinal lymphadenectomy for these 
population. Via a transhiatal approach, these nodes cannot 
be removed. The authors then conclude that there is an 
indication for upper mediastinal LN dissection for AC 
of the EGJ. This is in contrast to the Dutch randomized 
controlled trial which compared transhiatal with a 
transthoracic approach as this study did not show a benefit 
of extended mediastinal lymphadenectomy (7).

Esophageal squamous cell carcinoma (ESCC) often 
resides at mid-thoracic esophagus and can metastasize 
widely from the neck to the abdominal nodes, even in the 
early stage of the disease (8). Because the LNs around the 
recurrent laryngeal nerve are one of the most frequent 
locations for metastasis (8-10), upper mediastinal LN 
dissection is required. So-called three-field LN dissection, 
which is an extended LN dissection including the 
supraclavicular LNs, has been shown to be beneficial and is 
standard in Japan (11-13). In this procedure, an anastomosis 
is performed mostly in the neck.

Regardless  what  surg ica l  approach i s  chosen, 
postoperative pneumonia and anastomotic leakage are 
relatively common complications that worsen postoperative 
patients’ conditions (14,15). In order to minimize surgical 
invasiveness, minimally invasive esophagectomy (MIE) 
and robot-assisted MIE (RAMIE) were introduced. MIE 
reduces the incidence of postoperative complications, 
i nc lud ing  pneumonia ,  when  compared  to  open 
esophagectomy (16,17). More recently, van der Sluis et 
al. conducted a randomized controlled trial to investigate 
the safety of RAMIE compared to open esophagectomy, 
and they reported that RAMIE exhibited a significantly 
lower percentage of surgery-related and cardiopulmonary 
complications with less postoperative pain (18). For ESCC, 
a nationwide retrospective study using a Japanese national 
clinical database demonstrated that MIE was associated with 
a lower incidence of pneumonia (19). Conversely, long-
term outcomes of MIE have not been reported yet. We 
are currently running a phase III trial to compare overall 
survival between open and MIE (20).

Adjuvant chemotherapy for esophageal cancer

Rationale and historical perspective

The rationale of adjuvant therapy is to eradicate residual 

tumor cells outside the regional field and suppress 
postoperative recurrence. Since esophagectomy is highly 
invasive and could delay postoperative recovery, treatment 
needs to be tolerable. Several decades ago, since the 
improvement of the safety of surgical procedure and 
perioperative care, surgery had been established as the 
only curative treatment for surgically resectable esophageal 
and gastric cancer. In order to eradicate the residual 
disease after surgery and further improve survival, the 
efficacy of adjuvant treatment provided after surgery was 
examined. With regard to ESCC, the Japanese JCOG9204 
trial evaluated the superiority of adjuvant therapy using 
fluorouracil (F) and cisplatin (C) rather than surgery 
alone (21). Consequently, disease-free survival was shown 
to be significantly longer in the adjuvant therapy group. 
Concerning overall survival, the risk reduction by adjuvant 
CF therapy was notable in patients diagnosed with LN 
metastasis in the resected specimens. For AC, adjuvant 
chemoradiotherapy was recognized as a standard since 
the intergroup 0116 trial in 2001 proved its efficacy in 
comparison to surgery alone (22). On the contrary, despite 
criticisms on the relatively lower rate of D2 lymph node 
dissection in that trial, the efficacy of fluorouracil and 
radiation as adjuvant therapy was maintained by CALGB 
80101 trial. However, it failed to prove the superiority of 
epirubicin, cisplatin, and infusion 5-fluorouracil (ECF) with 
radiation for gastric and AC of EGJ (23). In East Asia, the 
development of adjuvant chemotherapy without radiation 
was mainly focused on gastric cancer. Surgery alone 
versus adjuvant capecitabin plus oxaliplatin (CLASSIC) 
and surgery alone versus S-1 monotherapy (ACTS-GC) 
which compared adjuvant chemotherapy with surgery 
alone remarkably demonstrated the survival advantages of 
adjuvant chemotherapy (24,25). On the contrary, due to the 
relatively lower incidence of AC of EGJ in Asia, adjuvant 
chemotherapy without radiation for GEJ lacked full 
investigation. 

Adjuvant, neoadjuvant, and perioperative therapies 

Despite the reported survival advantage of adjuvant therapy 
compared to surgery alone, the treatment is not ideal to all 
candidates for adjuvant therapy. Furthermore, postoperative 
complications negatively impact cancer relapse and 
overall survival (26). Our group previously reported that 
the postoperative systemic inflammatory response is 
associated with disease recurrence independent of infectious 
complications (27). These previous findings further 
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suggested reducing the amount of tumor cells prior to 
esophagectomy, which led the introduction of neoadjuvant 
treatment.

For ESCC, the Japan Clinical Oncology Group 
conducted a multicenter phase III trial comparing the 
efficacy of neoadjuvant CF therapy with adjuvant CF 
therapy (28). Results demonstrated the survival advantage 
of neoadjuvant CF based on the planned interim analysis 
after patient accrual. Based on these results, neoadjuvant 
CF became a standard in Japan (29,30). For AC, instead 
of adjuvant chemotherapy, perioperative treatment 
(neoadjuvant and adjuvant treatment combined) has been 
tested. In the 2000s, the British MAGIC trial established the 
survival benefits of perioperative epirubicin, cisplatin, and 
fluorouracil (ECF) (31). In parallel, the French FFCD9703 
trial evaluated the impact of perioperative fluorouracil and 
cisplatin on AC, where 25% of tumors were located in the 
distal stomach (32). 

In the last decade, several landmark trials have 
demonstrated that the intensification of neoadjuvant and 
perioperative therapies could further improve outcomes. 
Moreover, in 2012, the Dutch CROSS trial proved 
the efficacy of neoadjuvant chemoradiotherapy using 
carboplatin and paclitaxel (33). In 2019, the German 
FLOT4 trial reported the efficacy of triplet chemotherapy 
using fluorouracil, oxaliplatin, and docetaxel compared to 
ECF or epirubicin, cisplatin, and capecitabine therapy (34).  
In the FLOT4 trial, which focused on AC, the overall 
survival was extended with a hazard ratio of 0.7. Based on a 
number of well-designed epoch-making clinical trials from 
various esophageal societies, multidisciplinary treatments 
improved. However, the 5-year overall survival remains 
unsatisfactory: 45% in the FLOT4 trial, 47% in the 
CROSS trial, and 55% in the JCOG9907 trial (28,33,34).

In order to develop more curative surgical strategies, 
clinical trials evaluating the benefits of intensification 
in neoadjuvant settings are needed. In Japan, we are 
currently running a three-arm phase III trial to evaluate 
the superiority of neoadjuvant triplet chemotherapy using 
docetaxel, cisplatin, and fluorouracil (DCF) over CF as 
well as the superiority of neoadjuvant CF radiation over 
CF (35). In addition, docetaxel, oxaliplatin, leucovorin, and 
5-fluorouracil (FLOT) therapy may be less toxic than DCF, 
which is administered in outpatient settings. We are close to 
commencing the multicenter phase II trial to evaluate the 
efficacy of FLOT for ESCC. For AC, in order to compare 
the efficacy of FLOT and CROSS regimens, the ESOPEC 
trial is currently in progress (36).

Another strategy to improve outcomes is the use 
of adjuvant therapy in combination with neoadjuvant 
chemotherapy–a strategy that was already adopted for 
perioperative FLOT. Mokdad et al. conducted a network 
meta-analysis where patients who received neoadjuvant 
therapy were reviewed, and those who received adjuvant 
therapy were compared with those without postoperative 
treatment (37). Following a propensity score matching to 
eliminate the difference in patient backgrounds, which could 
affect the tolerability of chemotherapy, the survival benefit 
of adjuvant therapy was significantly confirmed. Therefore, 
incorporating postoperative treatment could be a promising 
strategy for the improvement of survival. For ESCC 
patients, Zhao et al. conducted randomized control trial 
comparing perioperative chemotherapy with preoperative 
therapy. Results demonstrated that perioperative, in which 
adjuvant chemotherapy was provided after surgery, showed 
a significantly longer overall survival. The efficacy of 
adding adjuvant even after neoadjuvant treatment was also 
confirmed in a phase II trial from another cohort (38).

Necessity to develop the individualization of treatment 

Tolerability is a potential concern while administering adjuvant 
therapy. As mentioned, esophagectomy is highly invasive and 
comes with high morbidity, which could delay postoperative 
recovery. Accordingly, 40% of study participants could not 
be subjected to adjuvant FLOT therapy in the FLOT4 trial, 
despite the fact that 44% of patients presented with gastric 
and not esophageal cancer (34). For ESCC, the JCOG9907 
trial reported that 25% of patients who were intended to 
receive adjuvant CF therapy were not able complete the entire 
treatment (28). Therefore, it is unlikely that all patients after 
surgery are capable of receiving neoadjuvant and adjuvant 
therapies. In the next section, as a future perspective, we 
describe treatment individualization based on the risk 
stratification of postoperative recurrence utilizing upgraded 
technology (Figure 1).

Moreover, another disadvantage of adding adjuvant 
chemotherapy is that all most half of patients will not 
experience postoperative recurrence even without adjuvant 
therapy. As suggested by Kim et al., the advantage of 
adjuvant therapy was observed in patients who had 
residual disease after neoadjuvant chemotherapy, whereas 
no difference was observed in those who manifested 
pathological complete response, indicating that the 
upgraded method identifying patients who have high risk of 
recurrence need to be selected as future perspective (39). 
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Future perspective

The improvement of drug efficacy in multimodal treatment 
could be demanding in esophageal cancer. Nowadays, 
immune checkpoint inhibitors, such as nivolumab and 
pembrolizumab, are approved worldwide for ESCC (40,41). 
When incorporating combination therapy with other 
cytotoxic drugs, the novel treatment with higher response 
and lower toxicities are expected. A promising feasibility 
trial of nivolumab with neoadjuvant CF or DCF therapy for 
locally advanced ESCC is currently ongoing (42). 

Risk stratification of postoperative recurrence is also 
needed. Currently, pathological findings represented by 
TNM staging are the gold standard. However, a wide 
range of variation in terms of survival exists, even within 
the same TNM stage. As additional indicators which 
help to predict postoperative recurrence, the histological 
response in resected specimens has been shown to be 
strongly correlated to postoperative survival (43,44). 
Furthermore, independent of the local tumor, liquid biopsy, 
including blood and urine, began to be recognized as 
the new standard for monitoring tumor burden (45). We 
have been focusing on the inflammation and coagulation 
marker as a blood biomarker. One of the coagulation 
markers, fibrinogen, was shown to be a useful biomarker for 

predicting postoperative survival in patients with esophageal 
cancer (46). Furthermore, we developed a simple prognostic 
score, the FA score, combining fibrinogen and albumin 
levels, which was validated in a multicenter prospective 
trial (47,48). The direct detection of tumor derivatives 
such as cell-free tumor DNA and circulating tumor cell 
has been widely validated in various types of cancer (49). 
In colorectal cancer, patients with positive circulating 
tumor DNA (ctDNA) demonstrated significantly worse 
relapse-free survival after surgery, indicating that ctDNA 
can be used to detect minimal residual disease and select 
patients who can attain a survival advantage through 
adjuvant chemotherapy (50), as well as in breast and lung 
cancer (51,52). In esophageal cancer, Azad et al. reported 
that ctDNA monitoring after chemoradiotherapy was 
useful for monitoring tumor recurrence (53). Although 
further validation and interventional study are required, 
liquid biopsy could be a promising indicator for guiding 
multidisciplinary treatments for esophageal cancer.

Conclusions

For surgically resectable esophageal cancer, esophagectomy 
has been a mainstay of multidisciplinary treatment. While 

Figure 1 Treatment individualization based on the risk stratification of postoperative recurrence utilizing upgraded technology.

Surgically resectable advanced esophageal cancer
(Adenocarcinoma / squamous cell carcinoma)

Neoadjuvant therapy

Low to moderate response Remarkable response

Risk stratification using conventional imaging and 
new technology (e.g. liquid biopsy)

Esophagectomy Organ preservation approach

Tolerable to adjuvant therapy Frail, not fit

Follow up

Low to moderate risk of 
recurrence

High risk of recurrence

Follow up Adjuvant therapy
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neoadjuvant chemotherapy developed as a standard 
treatment worldwide for both AC and ES, survival 
outcomes remain unsatisfactory. Upgrading modalities, such 
as through use of liquid biopsies, could be informative for 
selecting patients at high risk of postoperative recurrence. 
Individualized therapies, in which adjuvant therapy is 
administered only to select patients, could become the next 
standard for esophageal cancer.
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