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Abstract
Objectives: To examine the differences in clinical response, pathological response, recurrence, and
survival between lung adenocarcinoma (AD) and squamous cell carcinoma (SQ) after induction
chemoradiotherapy (ICRT) followed by surgery.

Methods: Ninety-�ve patients with N1-2 or T3-4 non-small cell lung cancer were treated with ICRT
followed by surgery between 2012 and 2018; 55 patients had AD and 40 had SQ. Differences in
reductions of tumor size and �uorodeoxyglucose uptake on positron emission tomography after ICRT, as
well as the pathological response, histological distribution of residual tumors, time to recurrence, and
overall survival were compared between AD and SQ. Median follow-up period was 51 months.   

Results: After ICRT, SQ showed signi�cantly more reduction in both the tumor size and
�uorodeoxyglucose uptake than AD (p<0.001 for both). Of the 40 SQ, 22 (55%) showed the pathological
complete remission, which was signi�cantly more frequent than 8 of 55 AD (15%) (p<0.001). AD
remained at the periphery of primary tumor in 39 of 55 patients (71%), which was more frequently than 6
of 40 patients (15%) in SQ (p<0.001). While there was no signi�cant difference in the rate of conducting
postoperative adjuvant chemotherapy between AD and SQ (47% vs. 40%, respectively) (p=0.48), the time
to recurrence was signi�cantly longer in SQ than in AD (p=0.026; 3-years recurrence-free rate: 77% vs.
52%). However, overall survival was not signi�cantly different between the two (p=0.53; 3-years survival
rate: 74% in both).

Conclusion: While SQ showed better tumor response and longer time to recurrence after ICRT than AD, the
overall survival was not different between the two. AD remained at the periphery of primary tumor more
frequently than SQ after ICRT. 

Background
Induction chemoradiotherapy (ICRT) followed by surgery is a recently employed multimodal therapy for
locally advanced non-small cell lung cancer (NSCLC), with satisfactory outcomes [1–5]. For survival
prediction, the use of pathological response is better than the use of clinical response [6, 7]. However, only
a limited number of studies have evaluated the differences in the tumor response and survival between
adenocarcinoma (AD) and squamous cell carcinoma (SQ). Moreover, no studies have determined the
differences in the location of residual tumors after ICRT between AD and SQ.

Therefore, the present study examined the following issues: (1) the differences in the clinical and
pathological response after ICRT between AD and SQ; (2) the differences in time to recurrence and overall
survival (OS) between the two; and (3) the difference in the histological distribution of residual tumors
after ICRT between the two.

Methods
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Study design

The present study was a single-center retrospective observational study. The study design adhered to the
Strengthening the Reporting of Observational Studies in Epidemiology guidelines [8]. Based on the
Guidelines for Lung Cancer published by the Japanese Lung Cancer Society [9], we established a protocol
for ICRT followed by surgery for patients with locally advanced NSCLC in October 2012, which was
adopted by the institutional Lung Cancer Board. The retrospective analysis protocol for patients treated
with ICRT followed by surgery was approved by the institutional ethics committee in 2014 (approval
number: 14 − 005). All patients provided a written informed consent after the attending physicians
explained the risks and bene�ts of the ICRT followed by surgery. The written informed consent includes
the consent to participate the study and publish the personal data without personal identi�cation
information, which includes clinical data, roentgen images, and pathological images.

Eligibility

The study participants for the present study ful�lled the following criteria: (1) N2 stage diagnosed via
endobronchial ultrasound-guided transbronchial needle aspiration or �uorodeoxyglucose-positron
emission tomography (FDG-PET); (2) N1 stage with metastatic lymph nodes invading the hilar bronchus
or vessels, for the aim to avoid pneumonectomy; (3) T3 or T4 stage diagnosed via CT and magnetic
resonance imaging, for the aim to decrease the local recurrence; (4) prediction of tolerance to ICRT
followed by surgery; and (5) the patients preferred ICRT followed by surgery over de�nitive
chemoradiotherapy. Tumor staging was based on the 8th edition of the TNM Classi�cation proposed by
the International Association for Study of Lung Cancer [10].

Protocol of induction chemoradiotherapy

A concurrent chemoradiotherapy, i.e. 2 cycles of a platinum doublet regimen and radiotherapy, was
conducted. As a chemotherapy regimen, the combination with “cisplatin and docetaxel” was generally
used for patients younger than 70 years old, and the combination with “carboplatin and paclitaxel” was
for elderly patients. Radiation dose was usually 46 Gy for patients younger than 70 years old and 40 Gy
for elderly patients.

Clinical response evaluation

The clinical response on CT was evaluated according to the Response Evaluation Criteria in Solid Tumors
criteria [11]. The change in tumor size after ICRT was measured by “tumor size after ICRT/tumor size
before ICRT”.

Analysis of FDG-PET data

A PET/CT device (Discovery ST; GE Medical Systems, Amersham, UK) was used to perform FDG-PET
scanning both before and after ICRT. The FDG uptake of the primary tumor was measured by using the
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standardized uptake value (SUV). The change in the SUV after ICRT was measured by “SUV after
ICRT/SUV before ICRT”.

Pathological response evaluation

Pathological �ndings on surgical materials were reviewed by a pathologist (K.H.), who had an experience
of lung cancer pathology for more than 40 years. The pathological response was de�ned according to the
criteria given in the “General Rules of Clinical and Pathological Records of Lung Cancer in Japan” as
follows [12]: Ef.0 was de�ned as no therapeutic response; Ef.1a was de�ned as a viable tumor greater
than or equal to two-thirds of the tumor; Ef.1b was de�ned as a viable tumor greater than or equal to one-
third of the tumor and less than two-thirds; Ef.2 was de�ned as a viable tumor less than one-third of the
tumor; and Ef.3 was de�ned as no viable tumor cells.

Measurement of the location of the external margin of residual tumors

Figure 1 shows a way of measurement of the location of the external margin of residual tumors. By
examining the hematoxylin-eosin-stained sections of surgical materials, residual tumors were mapped on
the grossly cut surface. Then, the location of the external margin of the residual tumor within the primary
site was measured as follows: (1) the radius of the whole tumor (“a”) and the distance between the center
of the tumor and the external margin of the residual tumor (“b”) were measured; and (2) the location of
the external margin of the residual tumor was evaluated as “b/a”.

Follow-up

Postoperative follow-up was conducted by body CT and brain magnetic resonance imaging every 3 or
4 months until 3 years after surgery and a minimum of every 6 months thereafter.

Data source

Between October 2012 and December 2018, a total of 107 patients with locally advanced NSCLC were
planned to conduct ICRT followed by surgery. Follow-up data were collected from medical records in June
2020.

Study outcomes

The primary outcomes included the differences in the clinical tumor response, reduction in FDG-uptake,
pathological tumor response, time to recurrence, and OS between AD and SQ. The secondary outcome
was the difference in the location of the external margin of the residual tumor within the primary site
between the two.

Statistical analysis
Differences in gender, age, comorbidity index, tumor size, tumor location (central vs. peripheral), SUV on
PET, clinical stage, chemotherapy cycles, radiation doses, and surgical procedures between AD and SQ
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were examined by univariate and multivariate analyses. Differences of tumor size and SUV between pre-
ICRT and post-ICRT in each patient were analyzed by Wilcoxon singed rank test. Differences of numerical
variables between the groups were analyzed by the Mann-Whitney U-test. Differences in nominal
variables between the groups were analyzed using the χ2 test. Time to recurrence and OS after the
initiation of ICRT were assessed via the Kaplan-Meier method [13]. All values in the text and tables are
presented as means ± standard deviation. P-values of < 0.05 were considered statistically signi�cant. All
the analyses underwent on the SPSS software (IBM Ltd., New York, NY).

Results
Figure 2 shows the �owchart showing the patient selection process. Of the 107 patients treated with ICRT,
surgery was not performed in 10 patients. Two patients were excluded because of tumor types other than
AD or SQ. Finally, 95 patients were enrolled. The median duration from the completion of ICRT to surgery
was 49 days (range: 20–67 days). Of the 81 patients with N1 or 2 disease, the N-stages were diagnosed
via endobronchial ultrasound-guided needle biopsy in 48 patients (59%) and via FDG-PET in 33 (41%).
Table 1 shows the characteristics of patients with AD (n = 55) and those with SQ (n = 40). With the
multivariate analysis, SQ had larger tumor and localized in central bronchus more frequently than AD (P 
= 0.008 and 0.005, respectively), whereas there was no signi�cant difference in gender, age, comorbidity
index, clinical stage, number of chemotherapy cycles, radiation doses (40 Gy vs. ≥46 Gy), and surgical
procedures between the two (p = 0.90, 0.13, 0.17, 0.35, 0.91, 0.72, 0.60, and 0.26, respectively). The
chemotherapy regimens were “carboplatin and paclitaxel” in 46 patients, “cisplatin and docetaxel” in 46,
and “cisplatin and pemetrexed” in 3. Four AD patients and 2 SQ patients received just 1 cycle of
chemotherapy, because of side effect. The radiation doses were 40 Gy for 49 patients, 46 Gy for 42, 50 Gy
for 2, and 60 Gy for 2. The 2 patients who received 50 Gy had superior sulcus lung cancers. The 2
patients who received 60 Gy were treated by additional 14 Gy continuously after 46 Gy, because of poor
tumor shrinkage at the time.

Clinical TNM stages before ICRT did not show a signi�cant difference of N0 stage between the groups,
i.e. 11 of 55 patients (20%) in AD and 3 of 40 (7.5%) in SQ (p = 0.14) (Table E1). There was no signi�cant
difference of T3/T4 stages between the groups, i.e. 32 of 55 patients (58.2%) in AD and 30 of 40 (75.0%)
in SQ (p = 0.13).

The tumor size of both AD and SQ signi�cantly reduced after ICRT (p < 0.001), i.e. from 4.4 ± 1.9 cm
before ICRT to 3.2 ± 1.6 cm after ICRT in AD, and from 5.7 ± 1.9 cm before ICRT to 3.4 ± 1.5 cm after ICRT
in SQ (Fig. E1). Figure 3 shows the change of tumor size, which was 0.74 ± 0.19 (95% con�dence interval
[CI]: 0.69–0.79; median value: 0.74) in AD and 0.61 ± 0.18 (95% CI: 0.54–0.64; median value: 0.62) in SQ;
the latter was signi�cantly lower than the former (p < 0.001). In AD, 25 patients (46%) showed a partial
response and 30 (54%) showed a stable disease; in SQ, 29 (73%) showed a partial response and 11 (27%)
showed a stable disease (Table E2). The SQ had a higher partial response rate than AD (p = 0.016).
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The SUV of both AD and SQ signi�cantly reduced after ICRT (p < 0.001), i.e. from 10.7 ± 6.0 before ICRT to
5.2 ± 4.0 after ICRT in AD, and from 14.5 ± 6.1 before ICRT to 4.2 ± 3.5 after ICRT in SQ (Fig. E2). Figure 4
shows the change ratio of SUV, which was 0.53 ± 0.27 (95% CI: 0.46–0.60; median value: 0.48) in AD and
0.32 ± 0.28 (95% CI: 0.23–0.41; median value: 0.23) in SQ; the latter was signi�cantly lower than the
former (p < 0.001).

Lobectomy was performed in 88 patients, segmentectomy in 5, and pneumonectomy in 2. For 6 patients
with N3 stage, i.e. contralateral mediastinal nodes in 4 patients and supraclavicular nodes in 2, their N3
stations were dissected during surgery, all of which showed no metastasis. Of the 88 patients who
underwent lobectomy, 18 required bronchial reconstruction. Fifty-one patients received the combined
resection for T3/T4 disease. While 91 patients underwent complete resection (R0), the remaining 4 could
not (R1 resection in 2 and R2 in 2), because of tumor remnants in the aorta, right main bronchus, vertebra,
and esophagus, respectively. While 93 patients were discharged without major complications, the
remaining 2 patients died due to surgery-related complications.

The pathological tumor responses in AD were Ef.0–1 in 16 patients (29%), Ef.2 in 31 (56%), and Ef.3 in 8
(14%), and in SQ, the responses were 3 (8%), 15 (37%), and 22 (55%), respectively (Table E3). The SQ
showed Ef.3 (complete remission) more frequently than AD (p < 0.001). The pathological N0 stage was
seen in 33 of 55 AD cases (60.0%) and 31 of 40 SQ cases (77.5%), of which difference was not
signi�cant (p = 0.07) (Table E4). The down staging in N status was seen in 25 of 55 patients (45%) in AD
and 22 of 40 (55%) in SQ, of which difference was not signi�cant (Table E5, p = 0.35).

AD showed residual tumors at the periphery of primary tumor more frequently than SQ as shown in Fig. 5,
i.e. waterfall plots depicting the location of the external margin of residual tumors (b/a). Of the 55 AD
cases, 39 (71%) showed the residual tumors at the periphery of primary tumor (b/a = 1.0) in contrast to
only 6 of 40 SQ cases (15%); the difference was signi�cant (p < 0.001).

None of the patients were lost to follow-up. Median follow-up period was 51 months (range: 4–
94 months). A total of 42 patients (44%) received postoperative adjuvant chemotherapy; 26 of the 55 AD
cases (47%) and 16 of 40 SQ cases (40%), of which difference was not signi�cant (p = 0.48). During the
study period, 40 patients experienced recurrences (AD in 31 and SQ in 9) and 35 patients died (AD in 19
and SQ in 16). Of the 40 patients with recurrences, local recurrence was observed in 3, i.e. 2 patients who
underwent R2 resection and 1 who underwent R0. Among the 35 patients who died, 22 died of lung
cancer and the other 13 died of other disease, including 2 who suffered surgery-related death. Figure 6
shows the time to recurrence, which was signi�cantly longer in SQ than in AD (p = 0.026, log-rank test), of
which 3-years recurrence-free rate was 77% and 52%, respectively. For the patients with recurrence,
additional chemotherapy was performed in 26 of the 31 AD cases (84%) and 7 of the 9 SQ cases (78%),
of which difference was not signi�cant (p = 0.62). Eventually, OS was not signi�cantly different between
AD and SQ as shown in Fig. 7 (p = 0.53, log-rank test), and the 3-years survival rate was 74% in both.

Discussion
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The present study clari�ed the following points: (1) SQ showed better clinical and pathological responses
after ICRT than AD; (2) time to recurrence was signi�cantly longer in SQ than in AD, but there was no
signi�cant difference in OS between the two; and (3) AD showed the residual tumor at the periphery of
primary tumor more frequently than SQ.

Only a few studies have evaluated the difference in clinical and pathological response between AD and
SQ after neoadjuvant treatments, including ICRT and chemotherapy alone. In the previous study by Liu-
Jarin et al., among 30 patients, SQ cases showed better clinical and pathological responses than AD
cases [14], similar to the results of our study. In contrast, Yamane et al. evaluated 53 patients and showed
that there was no correlation between the histological type and pathological response [6]. The difference
between the 2 reports was the frequency of using ICRT as neoadjuvant treatment, i.e. in the former study,
ICRT was administered to 20 of the 30 patients (67%), while in the latter study, ICRT was administered to
only 13 of 53 patients (19%), and chemotherapy alone for the remaining patients. This could be the
reason why the data of the former study were similar to the results of our study, wherein ICRT was
administered for 100% of the patients. Thus, we believe that SQ would be more sensitive to ICRT than AD.

While the time to recurrence was longer in SQ than in AD, there was no signi�cant difference in OS,
regardless of the similar adjuvant chemotherapy and additional chemotherapy after recurrence, which
could be caused by the following reasons: (1) AD would have less tumor-aggressiveness than SQ,
resulting in longer survival after recurrence; and (2) AD might be more sensitive to chemotherapy, such as
molecular targeted therapy, than SQ.

The pathological response after ICRT did not affect the OS in our study, which was similar to several
previous reports. In a randomized study, Pless et al. treated 219 patients with N2-disease by using
neoadjuvant chemotherapy alone vs. ICRT; despite a higher pathological response in the ICRT group,
there was no signi�cant difference in the 3-year survival rate between the two groups (45% vs. 47%,
respectively) [15]. In another randomized study, Thomas et al. compared the survival of patients with
stage III NSCLC treated with preoperative chemotherapy with and without additional ICRT; while the
pathological response was higher in the patients treated with additional ICRT than in those without (60%
vs. 20%), the 5-year survival rate was not different (16% vs. 14%) [16]. Bharadwaj et al. retrospectively
compared the outcomes of patients treated with standard dose and high-dose of radiotherapy in ICRT;
although pathological complete remission was more frequent in the high-dose group, there was no
signi�cant difference in OS between the two groups [17]. Thus, the �ndings of the studies, including ours,
suggest that the presence of systemic metastases affect the survival of patients with locally advanced
NSCLC rather than the local control. However, intrathoracic recurrences after ICRT followed by surgery are
reportedly few; intrathoracic recurrence was observed in only 5 of 51 patients (10%) with chest wall
invasion in the study by Kawaguchi et al. [4] and in 4 of 52 patients (8%) with stage IIIA in the study by
Bharadwaj et al. [17]. In the present study, intrathoracic recurrence was observed in only 3 of the 95
patients (3%). Thus, we believe that while the radiation treatment in the induction therapy could not
control the systemic recurrences, it could result in local control by extinguishing lymphatic permeation
around the primary tumor and metastatic lymph nodes.
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No previous studies have evaluated the histological distribution of residual tumors after ICRT in NSCLC.
The present study showed that the AD remained at the periphery of the primary tumor after ICRT more
frequently than SQ, suggesting that the periphery of AD is more resistant to ICRT than the periphery of
SQ. The radio-sensitivity of tumors is reportedly dependent on intracellular oxygen concentration [22, 23].
It is well known that the periphery of AD frequently consists of well-differentiated tumor [24, 25], with less
vascularity than SQ, which may therefore have a lower sensitivity to ICRT. Recently, intensity-modulated
radiotherapy is being used to determine the planning of a radiation dose distribution (i.e., dose painting)
within the primary tumor to prevent local recurrence of various tumors including NSCLC [26, 27]. The
present study showed that AD frequently remained at the periphery of the primary tumor, while SQ did not;
this �nding could help to decide the dose distribution in intensity-modulated radiotherapy for NSCLC.

The present study had the following limitations: (1) although all patients received ICRT before surgery, the
chemotherapy regimens and the radiation dose were not standardized; and (2) there was a heterogeneity
in tumor size and TNM stages between AD and SQ. Because the present study lacked external validity, it
should be assessed with future multicenter studies for the difference of tumor response and prognosis
between AD and SQ.

Conclusion
The present study showed a better tumor response and better recurrence-free survival in patients with SQ
than in those with AD, but overall survival was not different. Although ICRT resulted in local control of
locally advanced NSCLC, systemic chemotherapy might be more important than preoperative radiation
therapy to improve the survival.
>

Abbreviations
AD = adenocarcinoma

CT = computed tomography

ICRT = induction chemoradiotherapy

FDG = �uorodeoxyglucose

NSCLC = non-small cell lung cancer

OS = overall survival

PET = positron emission tomography

RFS = recurrence-free survival
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SQ = squamous cell carcinoma

SUV = standardized uptake value
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Figure 1

Measurement of the external margin of the residual tumor. A “a” is the radius of the whole tumor and “b”
is the distance between the center of the whole tumor and the external margin of the residual tumor.
External margin of the residual tumor = b/a).
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Figure 2

Flowchart showing the patient selection process.
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Figure 3

Changes in tumor size after induction chemoradiotherapy for adenocarcinoma and squamous cell
carcinoma. Squamous cell carcinoma showed signi�cantly more reduction in tumor size than
adenocarcinoma (p<0.001). The 95% con�dence intervals in each size change are shown as shade in
each color. The dotted line shows the median value.
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Figure 4

Changes in standard uptake value after induction chemoradiotherapy for adenocarcinoma and
squamous cell carcinoma. Squamous cell carcinoma showed signi�cantly more reduction in standard
uptake value than adenocarcinoma (p<0.001). The 95% con�dence intervals in each SUV change are
shown as shade in each color. The dotted line shows the median value.
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Figure 5

Waterfall plots depicting the location of the external margin of the residual tumor (b/a). Pathological CR:
pathological complete remission. Of the 55 adenocarcinomas, 39 (71%) showed the residual tumors at
the periphery of the primary tumor (b/a=1.0), in contrast to only 6 of 40 squamous cell carcinomas (15%);
the difference was signi�cant (p<0.001).
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Figure 6

Time to recurrence of patients with adenocarcinoma and squamous cell carcinoma. Time to recurrence
was signi�cantly longer in patients with squamous cell carcinoma than in those with adenocarcinoma
(p=0.026).
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Figure 7

Overall survival of patients with adenocarcinoma and squamous cell carcinoma. The overall survival was
not signi�cantly different between the two (p=0.53).
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