
Abstract. Background/Aim: We retrospectively investigated the
relationship between pathological complete response (pCR) and
tumor volume (TV) reduction during neoadjuvant
chemoradiation therapy (NACRT) in non-small cell lung cancer
(NSCLC). Patients and Methods: We evaluated patients who
received NACRT (50 Gy/25 fractions with platinum-doublet)
plus surgery for NSCLC. TVs before and during NACRT
(TVbefore and TVduring, respectively) were measured based on
the sums of the volumes of primary tumors and clinically
positive lymph nodes. Relative change in TV was computed as
% (TVduring - TVbefore)/TVbefore. Results: In total, 31 patients
were analyzed. The median of the relative change in TV was -
49% and ranged from -83 to -10%. Postoperatively, pCR was
achieved in 11 patients (35%). In multivariate analysis, the
relative change in TV was found to be an independent predictor
of pCR (p=0.003). Conclusion: TV reduction during NACRT
appears to be associated with pCR in NSCLC.

Neoadjuvant chemoradiation therapy (NACRT) plus surgery
in patients with non-small cell lung cancer (NSCLC) is
recommended for potentially resectable superior sulcus
tumors and is described as an option for single-station N2
disease (1). A study showed that tumor volume (TV)
reduction after NACRT is associated with pathological
complete response (pCR) in NSCLC (2). We consider that

the prediction of pCR during NACRT may be useful in
making clinical decisions. For example, in patients with little
expectation of pCR, we can complete the planned NACRT
so that to achieve locoregional cure via surgery. Furthermore,
if patients with every expectation of pCR have some
possibilities of inoperability, we may switch the treatment
strategy from NACRT to definitive CRT without delay.
Therefore, we examined the relationship between pCR and
TV reduction during NACRT in NSCLC.

Patients and Methods
Eligibility criteria. The Institution’s ethics committee approved this
retrospective study under the number H29-207. Eligibility criteria of this
study were as follows: 1) patients underwent NACRT plus surgery from
2007 to 2017; 2) NACRT was performed using 50 Gy/25 fractions and
platinum-doublet chemotherapy; and 3) before and during NACRT,
contrast-enhanced computed tomography (CECT) was performed.

Treatment. Details of the treatment procedure of NACRT followed by
surgery has been previously described (3). Briefly, the volumes of
primary tumors and the clinically positive lymph nodes (LNs) diagnosed
using CECT and fluorodeoxyglucose-positron emission tomography
were defined as gross tumor volumes (GTVs). Clinical target volume
(CTV) was defined as the GTV with 5-10 mm margin and the nodal
station to which the clinically positive LNs belong. Planning target
volume was defined as the CTV with 5-10 mm margin. Prescribed dose
at the isocenter of conventionally fractionated three-dimensional
conformal RT was 50 Gy/25 fractions using a 6-MV photon beam by a
linear accelerator.
Concurrent chemotherapy was performed. Platinum-doublet

regimens were selected at the physician’s discretion, on the basis of
our single Institutional prospective trials (4, 5).
Patients underwent surgery by open thoracotomy approx. 1-2

months after NACRT. Wrapping of bronchial stumps was performed
using the intercostal muscle flap or pedicle fat pad.

Evaluation. As reported in a previous study (2), using MIM Maestro
ver. 6.4 (MIM Software, Cleveland), TVs before and during
NACRT (TVbefore and TVduring, respectively) were measured using
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sums of the volumes of primary tumors and clinically positive
lymph nodes on CECT images before and during NACRT,
respectively. Relative change in the TV was computed as %
(TVduring - TVbefore)/TVbefore. A pCR was defined as no evidence of
residual viable tumor cells based on the surgical pathology report.

Statistics. Factors for pCR were assessed by univariate analyses
using Fisher’s exact or Wilcoxon rank-sum tests and by multivariate
analyses using the multiple logistic regression test. Statistical
significance was defined as a p-value <0.05. JMP ver. 11 (SAS
Institute, Cary, NC, USA) was used for statistical analyses.

Results

A total of 31 patients met the eligibility criteria, and their
characteristics are presented in Table I. CECT during NACRT
was performed at a median dose of 40 Gy and ranged from
24 to 50 Gy. The median of the relative change in the TV
was –49% and ranged from –83 to –10%. Postoperatively,
pCR was achieved in 11 patients (35%). A waterfall plot of
the relative change in TV is shown in Figure 1.
Univariate and multivariate analyses of the factors for

pCR are presented in Table II. The relative change in TV was
an independent predictor of pCR in the multivariate analysis
(p=0.003).
Cutoff value of the relative change in the TV for pCR

was –64%, which was calculated using a receiver operating
characteristic curve (area under the curve=0.841): pCR was
achieved in 8 of 9 patients (89%), whose tumors shrunk
more than this cutoff value.

Discussion

This is the first study to examine the relationship between
pCR and TV reduction during NACRT in NSCLC.
A previous study has shown that TV reduction after

NACRT is more associated with pCR than with conventional
response assessment using the Response Evaluation Criteria
in Solid Tumors (2). In the study, TV reduction was assessed
at the median time of 18 days after completion of NACRT (2).
We agree that the timing is reasonable for restaging toward
surgery to confirm the absence of distant metastasis. However,
if the locoregional disease is judged to be inoperable at
restaging 18 days after the last irradiation, adding RT up to
the dose of definitive CRT is difficult, because the interval will
decrease the treatment effect due to prolonged overall
treatment time (6, 7). In contrast, if we are able to predict pCR
during NACRT, the information may aid clinical decisions
regardless of the expectations of pCR. For example, in patients
with little expectation of pCR, we can complete the scheduled
NACRT to obtain locoregional control by salvage surgery.
Moreover, in patients with every expectation of a pCR, if they
are judged as inoperable (8-10), we may change from NACRT
to definitive CRT immediately. 

Our study has some limitations such as the small number
of events and its retrospective single institutional design.
In conclusion, TV reduction during NACRT appears to be

associated with pCR in NSCLC. The cutoff value of -64%
in the relative change in TV during NACRT may be a
prognostic factor of pCR.
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Table I. Characteristics of patients and tumors.

                                                             Number    %        Median (range)

Age (years)                                                                           64 (49-78)
Gender
   Male                                                       26        84
   Female                                                      5        16                     
Histology
   Squamous cell carcinoma                     16        52
   Adenocarcinoma                                    13        42
   Adenosquamous cell carcinoma             1          3
   Carcinosarcoma                                       1          3
cT-status*
   1                                                                4        13
   2                                                                9        29
   3                                                              13        42
   4                                                                5        16                     
cN-status*
   0                                                                2          6
   1                                                              11        36
   2                                                              16        52
   3                                                                2          6
c-Stage*
   IIA                                                            2          6
   IIB                                                            1          3
   IIIA                                                         26        85
   IIIB                                                           2          6
Chemotherapy
   Carboplatin + docetaxel                        18        59
   Carboplatin + pemetrexed                       4        13
   Cisplatin + docetaxel                               3        10
   Cisplatin + S-1                                         2          6
   Carboplatin + S-1                                    2          6
   Cisplatin + pemetrexed                           1          3
   Carboplatin + paclitaxel                          1          3
RT dose at CECT                                                                40 (24-50)
during NACRT (Gy)                                               
TVbefore (ml)                                                                   45.1 (11.4-584.2)
TVduring (ml)                                                                    27.0 (5.9-195.0)
Relative change in the TV (%)**                                  –49 (–83 to –10)
Interval from completion of                                                  7 (3-19)
NACRT to surgery (weeks)                                                         

*Based on 7th edition of the Union for International Cancer Control.
**Relative change in the TV was computed as % (TVduring -
TVbefore)/TVbefore. RT: Radiation therapy; CECT: contrast enhanced
computed tomography; NACRT: neoadjuvant chemoradiation therapy; TV:
tumor volume; TVbefore: TVs before NACRT; TVduring: TVsduring NACRT.
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Figure 1. Waterfall plot of relative change in tumor volume. Black and gray bars indicate patients with and without pathological complete response
(pCR), respectively.

Table II. Uni/multivariate analyses for the factors affecting pCR.

                                                                                                                     pCR rate                   Median (range)               Univariate            Multivariate
                                                                                                                                                                                                  p-Value                  p-Value

Age (years)                                                       With pCR                                                                 63 (49-77)                       0.725                         –
                                                                          Without pCR                                                            64 (51-78)                            
Gender                                                              Male                                10/26 (38%)                                                             0.631                         –
                                                                          Female                               1/5 (20%)                               
Histology                                                          Sq                                      7/16 (44%)                                                              0.458                         –
                                                                          Others                               4/15 (27%)
cT-status*                                                         1-2                                    6/13 (46%)                                                              0.449                         –
                                                                          3-4                                    5/18 (28%)
cN-status*                                                         0-1                                    5/13 (38%)                                                              1.000                         –
                                                                          2-3                                    6/18 (33%)
Chemotherapy                                                  With taxane                     10/22 (45%)                                                             0.107                         –
                                                                          Without taxane                  1/9 (11%)                               
RT dose at CECT during NACRT (Gy)         With pCR                                                                 42 (30-50)                       0.561                         –
                                                                          Without pCR                                                            40 (24-50)                            
TVbefore (cc)                                                     With pCR                                                           87.2 (27.5-584.2)                 0.039                     0.157
                                                                          Without pCR                                                      41.8 (11.4-128.2)
TVduring (cc)                                                     With pCR                                                            27.0 (5.9-195.0)                  0.984                         –
                                                                          Without pCR                                                        28.0 (5.9-62.9)
Relative change in the TV (%)**                   With pCR                                                            –67 (–83 to –39)                  0.002                     0.003
                                                                          Without pCR                                                       –47 (–75 to –10)

*Based on 7th edition of the Union for International Cancer Control. **Relative change in the TV was computed as %(TVduring - TVbefore)/TVbefore.
pCR: Pathological complete response; Sq: squamous cell carcinoma; RT: radiation therapy; CECT: contrast enhanced computed tomography;
NACRT: neoadjuvant chemoradiation therapy; TV: tumor volume; TVbefore: TVs before NACRT; TVduring: TVs during NACRT.
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