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Abstract

Background: Investigating dynamic changes in blood-parameters and weight in patients with locally advanced
non-small cell lung cancer (NSCLC) receiving durvalumab maintenance therapy after chemoradiotherapy (cCRT).
Laboratory outcomes were determined based on the number of durvalumab administrations received.

Methods: Twenty-two patients completed platinum-based cCRT followed by maintenance treatment with dur-
valumab. Different parameters such as hemoglobin (Hb), leukocytes, Lactate dehydrogenase (LDH), C-reactive protein
(CRP), body weight and albumin were analyzed before cCRT, after cCRT, 3, 6, 9 and 12 months after starting dur-
valumab maintenance.

Results: Sixteen (72.7%) patients were male; twelve (54.5%) and fifteen (68.2%) patients had non-squamous histol-
ogy and Union for International Cancer Control (UICC) stage llIB-C disease, respectively. Median follow-up time was
244 months; 12- and 18-months- progression-free and overall-survival rates were 55.0% and 45.0 as well as 90.2 and
85.0%, respectively.

During maintenance treatment Hb increased by 1.93 mg/dl (17.53%) after 9 months (p <0.001) and 2.02 mg/d|
(18.46%) after 12 months compared to the start of durvalumab (p <0.001). LDH decreased by 29.86 U/l (— 11.74%)
after 3months (p =0.022). Receipt of at least 12 cycles of durvalumab was beneficial in terms of Hb-recovery (Hb

6 months: 12.64 vs. 10.86 [mg/dl]; Hb 9months: 13.33 vs 11.74 [mg/dl]; (p = 0.03)). Median weight change [kilogram
(kg)] was + 6.06% (range: — 8.89 — + 18.75%) after 12 months. The number of durvalumab cycles significantly cor-
related with total weight gain [kg] (Spearman-Rho-correlation: r = 0.502%).
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Conclusion: In the investigated cohort, no severe hematologic toxicity occurred by laboratory blood tests within 1
year of durvalumab maintenance therapy after cCRT for unresectable stage Ill NSCLC. Receiving at least 12 cycles of
durvalumab appears to have a significant effect on recovery of hemoglobin levels and body weight.

Keywords: NSCLC, Durvalumab, Blood parameters, Prognostic factors, Dynamic changes

Background

Lung cancer remains the leading cause of cancer-associ-
ated death worldwide [1]. The combination of platinum-
based concurrent chemoradiotherapy (cCRT) followed
by maintenance therapy with the programmed cell death
ligand 1 (PD-L1) inhibitor durvalumab showed a signifi-
cantly improved oncological outcome than cCRT alone
[2, 3]. Despite its anti-tumor activity, durvalumab main-
tenance therapy is associated with adverse effects [3].
Pulmonary toxicity is one well-known side effect [2-4].
General symptoms such as diarrhea or pruritus, as well
as hematological toxicity have been observed [5]. Hepa-
titis and dermatitis have also been described as possible
adverse events [5]. Endocrinological disorders such as
diabetes or thyroid disease are less common [5, 6]. Hith-
erto, there is a paucity of data regarding hematologi-
cal toxicity and especially the dynamic changes of blood
parameters. C-reactive protein (CRP) levels elevated
prior to treatment or during the course of treatment, as
well as cancer cachexia, hypoalbuminemia, anemia and
weight loss, significantly impact the prognosis of cancer
patients [7-9]. Therefore, this longitudinal prospective
study evaluated blood parameters of 22 patients with
non-small-cell lung cancer (NSCLC) treated with cCRT
and durvalumab maintenance therapy. From the start
of cCRT until 1 year after the first durvalumab applica-
tion, we assessed blood parameters and weight changes
at regular intervals. The objective was to analyze dynamic
changes during this period and possible conclusions
regarding side effects and tolerability. Weight change,
anemia, hypoalbuminemia, and CRP were longitudinally
analyzed. Additionally, factors such as planning target
volume (PTV), age, and the modified Glasgow-prognos-
tic-Scale (mGPS) were also examined as potential influ-
encing factors on progression.

Methods and patients

Between September 2018 and May 2021, twenty-two
(100.0%) patients underwent cCRT and consolidation
durvalumab therapy. All patients had histologically or
cytologically confirmed inoperable stage III NSCLC,
according to UICC TNM version 8. All patients were
treated with platinum-based cCRT and maintenance
therapy with at least 1 cycle of durvalumab. All received
platinum-based chemotherapy (cisplatin/carboplatin

combined with vinorelbine/pemetrexed) and definitive
radiation therapy (48—64 Gy).

Blood parameters, ECOG and weight were com-
pared before cCRT, before receiving the first cycle of
durvalumab, 3, 6, 9 and 12months after starting dur-
valumab. The following blood parameters were included
in the evaluation: hemoglobin [Hb], leukocytes, throm-
bocytes, lactate dehydrogenase (LDH), glutamic
oxaloacetic transaminase (GOT)/ glutamic-pyruvate-
transaminase (GPT), thyroid-stimulating hormone
(TSH) and C-reactive protein (CRP), weight, and albu-
min. Percentage weight changes during the course of
treatment were also evaluated, including CRP-albumin-
ratio (CAR) and modified Glasgow-prognostic-Scale
(mGPS) were determined at defined points. Reference
range and units at the Ludwig-Maximilians-University
(LMU) Hospital Munich were applied. The following
reference values were used: Hb <13.5mg/dl for male
patients, Hb <11.5mg/dl for female patients; LDH cut-
off >249U/]; CRP <0.5mg/dl; leukocytes: 4.0-10.4G/];
thrombocytes: 176-391G/]; creatinine: 0.7-1.2mg/dl;
TSH: 0.27-4.2 pU/ml; GOT&GPT: <50U/]; Albumin:
3.5-5.2g/dl. Body-Mass-Index (BMI) < 18 was defined as
underweight, BMI >18 and <25 as normal weight, BMI
>25 as overweight. To define a cut-off for CAR, we used
median dichotomization. The baseline median CAR was
0.13 (range: 0.02-2.27).

Computed tomography scan [CT]/ Positron emission
tomography—computed tomography [PET-CT], routine
blood sample, pulmonary function testing, and clinical
examinations were performed every 3months for the
first 2 years after radiotherapy, thereafter twice annu-
ally for up to 5 years, according to an in-house follow-up
protocol. Contrast-enhanced brain magnetic resonance
imaging (MRI), bone-scintigraphy, and bronchoscopy
were only performed if clinically indicated. Local-
regional recurrence (LRR) - defined as disease progres-
sion in the ipsilateral lung, bilateral mediastinum, hilum
and/or supraclavicular region along with new distant
metastases (DM) and brain metastasis (BM) were docu-
mented with CT, PET-CT, and MRI scans. Histological
or cytological confirmation of progressive disease was
not obligatory [10].

Statistical tests were performed using SPSS version 26
software (IBM, Armonk, NY) per the descriptive sta-
tistics function, paired-t-test and univariate ANOVA.
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Median progression-free survival [PFS] and overall sur-
vival [OS] rates were estimated using the Kaplan-Meier
method with a p-value <0.05 demonstrating significance.

Results

Patients characteristics

Patient characteristics are presented in Table 1. The
median age was 67.2years (43.6-76.8years), 16 were
male (72.7%) and nearly all patients were current or for-
mer smokers (90.9%). At baseline. Ten patients (45.5%)
had chronic obstructive pulmonary disease (COPD)
GOLD I-11I1, 45.4% had squamous cell carcinomas (SCC),
whereas 45.0% had adenocarcinomas (AC). Two patients
had large cell neuroendocrine tumors (LCNEC). Six
patients (27.3%) had primary tumors localized in the
middle or upper lobe. All 22 patients completed radia-
tion treatment whereby 9 patients (40.9%) had a planning
target volume (PTV) >700ccm. Median PTV was 688.39
ccm [range: 204.50-1234.50 ccm]. All patients started
durvalumab maintenance therapy within a median time
of 4.07weeks (2.00-14.71weeks) after completion of
cCRT. They received on average 15cycles (range: 2—24).
The occurrence of severe toxicity, poor compliance
or confirmed progression were reasons for treatment
discontinuation.

Eighteen patients (81.8%) presented with anemia prior
to cCRT and 13 patients (59.1%) had initially elevated
LDH values. For five patients (22.7%), an initial mGPS
>1 was calculated, 11 patients (50.0%) had elevated
CAR before cCRT. Eight patients (36.4%) completed all
24.cycles of durvalumab, 15 patients (68.2%) received at
least half of the planned number of cycles (>12cycles
durvalumab). Median number of cycles applied was 15
(range 2—24). Reasons for interruption were tumor pro-
gression (n =8), severe lung or skin toxicity (n =5) or
compliance issues (1 =1). At the cutoff date (May 26,
2021), 11 patients (50%) had disease progression of which
six had died. Median follow-up time was 24.4months;
12- and 18-month PFS was 55.0 and 45.0%, respectively;
12-month-overall-survival was 90.2%, 18-month-overall-
survival was 85.0%.

Hemoglobin
Mean Hb values were 11.9g/dl (n =22, range 7.8-15.1g/
dl, standard deviation (SD)==1.9); 11.1g/dl (n =22,
range 7.8-13.5g/dl, SD==%1.7); 12.4g/dl (n =22, range
7.9-15.2g/dl, SD=+1.9); 12.2g/dl (n =20, range 8.7—
14.6g/dl, SD=21.6); 12.9g/dl (n =20, range 9.9-14.8g/
dl, SD==+1.5); 13.0g/dl (n =19, range 9.7-14.6g/d],
SD ==1.3). See figure (Fig. 1).

By means of a paired-t-test, the initial Hb values
were compared with the values during the course of
treatment. Mean Hb-values after completion of cCRT
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Table 1 Patient characteristics
Number
of patients
(%)
Age
<65years 9 (41)
>65years 13 (59)
Sex
Female 6 (27)
Male 16 (73)
Eastern Co-operative Oncology Group (ECOG) performance status (PS)
0 11 (50)
] 9(41)
2 2(9)
UICC stage
M1l 22 (100)
T descriptor
1-2 6(27)
3-4 16 (73)
N descriptor
0-1 5(23)
2-3 17 (77)
Histology
Squamous cell carcinoma (SCC) 10 (45)
Adenocarcinoma (AC) 10 (45)
Large cell neuroendocrine cancer (LCNEC) 29
Tobacco consumption (PY)
0 209
20-40 8 (36)
>40 12 (55)
Durvalumab completion rate
50% (12 or more cycles) 15 (68)
100% (24 cycles) 8(36)
Reason for treatment discontinuation
Progress 8(50)
Toxicity 5@31)
Compliance 1(6)
Induction chemotherapy 7(32)
Concurrent chemotherapy 21 (95)
PTV >700 ccm 9(41)
PTV <700 ccm 13 (59)

were significantly lower than prior to cCRT (—7.22%,
p =0.003). Mean Hb at 3 months increased by 1.30 mg/
dl (11.76%) compared to the start of durvalumab
(p <0.001) and mean Hb levels at 6 months increased
by 1.18 mg/dl (10.81%; p =0.006). After 9months it
increased by 1.93 mg/dl (17.53%) compared to the start
of durvalumab (p =<0.001). At the end of observa-
tion after 12 months, there was an increase in mean
Hb of 1.12mg/dl compared to the baseline (9.46%;
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Fig. 1 Percentage hemoglobin changes relative to baseline. Legend: Percent change in hemoglobin [%] of each patient in three categorized
groups - the solid line for patients receiving 24 cycles of durvalumab, the dotted line for patients receiving at least 12 cycles of durvalumab, and the

p =0.020), and an increase of 2.02mg/dl (18.46%)
compared to the start of durvalumab (p =<0.001).

There was no significant difference in Hb develop-
ment between patients older or younger than 65 years
at diagnosis (p values: 0.1, 0.14, 0.08, 0.06, 0.06). The
occurrence of a progression after cCRT did not signif-
icantly affect the recovery of the Hb levels (p values:
0.3,0.47, 0.69, 0.78, 0.89).

Furthermore, we performed univariate ANOVA
analyses for testing if Hb levels correlated with pre-
defined groups: neither PTV >700 ccm (p values: 0.3;
0.21; 0.1; 0.45; 0.32; 0.45) nor initial mGPS >1 (p val-
ues: 0.99; 0.99; 0.27; 0.41; 0.87; 0.43) nor increased
baseline LDH (p values: 0.29; 0.58; 0.16; 0.25; 0.09; 0.7)
significantly correlated with dynamic changes of Hb.
Patients who received at least 12 cycles of durvalumab
had significantly higher Hb values after 6, 12.64 mg/
dl vs. 10.86 mg/dl (p =0.03) and 9 months, 13.33 mg/
dl vs. 11.74mg/dl (p =0.03). There was no significant
difference after 12 months (p =0.23).

For an overview, refer to Tables 1, 2 and 3 in the sup-
plementary file.

Lactate dehydrogenase (LDH)
Mean LDH values were: 276.5U/1 (n =22, range
178.0-444.0 U/l, SD=474.1); 254.6 U/l (n =22, range

149.0-425.0U/1, SD=2164.0); 224.5U/1 (n =21, range
170.0-308.0 U/l, SD =440.3); 246.2U/1 (n =20, range
166.0-379.0U/l, SD==168.5); 238.9U/1 (n =19, range
139.0-404.0U/l, SD==69.8); 240.6 U/l (n =17, range
163.0-396.0U/]l, SD==73.4) for the respective exami-
nation times described above. See Fig. 2.

Using a paired-t-test analogous to the methodology
used above, we compared initial LDH values with the
values during the treatment course. Mean LDH-values
after completion of cCRT were not significantly lower
than prior to cCRT, (—11.18%; p =0.15). Mean LDH at
3months decreased by 29.86 U/l (—11.74%) compared
to durvalumab initiation (p =0.02) and mean LDH
at 6months decreased by 8.75U/1 (3.43%; p =0.34).
After 9months it decreased by 11.95U/1 (4.76%) com-
pared to durvalumab initiation (p =0.26). At the end
of the observation period after 12months, there was
a decrease in mean LDH of 36.47 U/l (—13.16%) com-
pared to baseline (p =0.24) and a decreased mean LDH
of 8.53U/1 (3.42%) compared to durvalumab initiation
(»p =0.3).

LDH values after 9 and 12months were significantly
higher in the group older than 65years (p <0.05), no
significant difference in LDH development from start-
ing durvalumab up to 6 months later was found between
those groups (p values: 0.06, 0.08, 0.54). The occurrence
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of a progression after cCRT did not significantly affect
the LDH levels (p values: 0.83, 0.96, 0.11, 0.18, 0.34, 0.81).

The dynamic changes of LDH values were also exam-
ined for a possible correlation within the previously
described groups. Neither PTV >700 ccm (p values: 0.44;
0.91; 0.23; 0.16; 0.85; 0.41) nor initial mGPS >1 (p val-
ues: 0.57; 0.75; 0.28; 0.71; 0.82; 0.07) was associated with
dynamic changes of LDH. There was also no significant
difference between patients who completed or discontin-
ued therapy (p-values: 0.44; 0.46; 0.28; 0.78; 0.96; 0.43).

For an overview, see Tables 1, 2 and 3 in the supple-
mentary file.

CRP

Based on all values measured in the group, CRP >5mg/
dl was defined as “elevated CRP” One patient (4.5%,
CRP=5.8mg/dl) had elevated CRP before starting dur-
valumab, 2 patients (9.1% CRP=8.0 and 10.5mg/dl)
after 3months, 2 patient (9.1%, CRP=18.7 and 6.0g/dl)

Table 2 CRP levels

after 6months, 1 patient (4.5%, CRP=9.0mg/dl) after
9months and 12months after the start of consolida-
tion therapy, no patient with an increased CRP value of
>5mg/dl could be identified (see Table 2).

Weight changes and albumin

According to the WHO definition, the BMI of the
patients before cCRT was calculated. Twelve patients
(54.5%) were normal weight (range: 20-24) and 10
patients (45.5%) were overweight (range: 26-35). After
the last follow-up (12months), 8 patients (47.0%) were
normal weight (range: 18-25), 9 patients (53%) were
overweight (range: 26—37). Overall, median total weight
change was 6.1% (range: —8.89- +18.75%). Four patients
suffered weight loss (median weight loss was 5.2%, range:
—3.2% - -8.89%); 10 patients gained weight (median
weight gain was 10.6%, range: 1.8—18.8%). For a detailed
presentation of the individual changes after 12-month
follow-up, see Table 3. In addition, there was a moderate

6-month follow-up  9-month follow-up  12-month follow-up

Before cCRT  Before Durvalumab  3-month follow-up
Patient values 22 22 22
CRP <5 20 (91%) 21 (95%) 19 (86%)
CRP>5 2 (9%) 1(5%) 3(14%)

19 19 18
17 (89%) 18 (95%) 18 (100%)
2(11%) 1 (5%) 0
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Table 3 Mean values of thrombocytes, leucocytes, GOT, GPT, TSH and albumin at the following time points: before cCRT; before
Durvalumab; at 3-, 6-, 9- and 12-month follow-up. We also calculated weight changes as a percentage of baseline at each time point

Reference value Baseline Start Durvalumab 3-month 6-month 9-month 12-month
follow-up follow-up follow-up follow-up

Thrombocytes [G/I] 176-391 286.91 247.68 25441 267.00 252.70 279.63
Leukocytes [G/] 4-104 770 5.83 6.35 6.81 6.81 730
GOT [U/1] > 49 25.82 26.59 2795 27.79 27.16 30.17
GPT [U/]] > 49 27.64 28.64 28.50 29.84 31.26 36.56
TSH [uU/ml] 0.27-42 1.35 1.34 1.64 3.09 1.86 2.05
Albumin [g/dl] 35-52 401 4.09 410 425 418 4.20
Weight change [%)] - - -2 0 +2 +4 +3

correlation between the number of durvalumab cycles
given and weight gain [kg], (Spearman-Rho-correlation,
r =0.502*). Administration of at least 12cycles of dur-
valumab (r =0.346) as well as 24.cycles (r =0.410) cor-
related with an increase in weight (kg) at the end of
observation.

Overall, mean albumin values remained stable and
within the reference range (see Tables 1 and 3 in the
supplementary file). At baseline, one patient (4.5%) had
hypoalbuminemia after cCRT and up to 3months after
starting durvalumab, no hypoalbuminemia occurred.
During further observation, one patient (4.5%) had
hypoalbuminemia at 6 and 9months, respectively.
Hyperalbuminemia was not observed at any time during
the entire follow-up.

Liver function, kidney function and thyroid levels

Within the entire observation period, values for TSH
and creatinine remained within the reference range, see
Table 1 in the supplementary file. Univariate ANOVA
analyses did not show any significant difference between
the age groups (> 65years) (p values: 0.4; 0.72; 0.95; 0.32;
0.66; 0.69) or patients with/without progression (p values:
0.94; 0.89; 0.62; 0.23; 0.57; 0.48), summarized in Table 3
in the supplementary file.

Two (9.0%) patients suffered grade 3 asymptomatic
thyroiditis after cCRT and was detected only by elevated
TSH (TSH>8uU/ml). After substitution therapy, TSH
levels returned to normal during the course of treatment.

Mean GOT and GPT values as well as TSH, throm-
bocytes and leukocytes remained within the reference
range. For more details, see Tables 1 and 3 in the supple-
mentary file.

Correlation with a historical cohort
In order to compare our contemporary cohort with a
cohort of stage IIIA-C NSCLC patients treated with con-
current cCRT/RT without immunotherapy, we collected
identical parameters in a cohort of 16 patients with simi-
lar data collection at various time points and enrolled in a
prospective observational study.

One-factor ANOVA analyses between the groups
showed no significant difference, see Table 4.

Discussion

As consolidation treatment following ¢cCRT in inoper-
able stage III NSCLC, durvalumab has shown promis-
ing results by boosting the body’s anti-tumor immunity
and has significantly improved PFS and OS rates [3].

Table 4 ANOVA analysis comparing patients with and without recieving durvalumab maintenance therapy regarding LDH,

hemoglobin, leukocytes, thrombocytes, GOT, GPT and albumin

Parameter Baseline Begin Durvalumab 3 months FU 6 months FU 9 months FU 12months FU
p-value p-value p-value p-value p-value p-value
LDH 0.784 0440 0.349 0.589 0.965 0.537
Hemoglobin 0.774 0.530 0.196 0.222 0.015 0.115
Leukocytes 0528 0413 0.882 0.778 0336 0.762
Thrombocytes 0.294 0.835 0.749 0.929 0.757 0.122
GOT 0.724 0.053 0421 0.883 0.949 0.827
GPT 0.291 0.096 0.060 0.048 0.199 0.284
Albumin 0538 0.116 0.967 0.304 0.164 0.195
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Documentation of safety and long-term side effects is an
important tool to further improve maintenance therapy
and is prognostically invaluable. Therefore, we analyzed
the longitudinal changes of blood parameters and weight
of our patient cohort.

No severe hematological toxicity was observed during
durvalumab maintenance. Subsequent anemia following
CRT and at the start of durvalumab treatment, regressed
throughout the course of durvalumab maintenance. As
expected, there was a significant decrease in Hb value
after completed cCRT (p <0.05). Compared to the Hb
levels at the beginning of durvalumab maintenance
therapy, there was a significant increase after 3 months
(p <0.05), 6 months (0.01) and 9 months (p <0.05). At the
end of FU after 12months, anemia had recovered sig-
nificantly (p <0.05). Interestingly, the final Hb value even
showed a significant increase compared to the baseline
Hb before cCRT (p =0.02). Hemoglobin recovery at 6
and 9 months appeared to be associated with at least 12
durvalumab cycles (both p =0.03). However, this sug-
gestion is most likely biased by disease progression and
salvage treatment in patients who progressed on dur-
valumab. Despite this, the impact of durvalumab on Hb
levels should be further investigated in a larger prospec-
tive cohort. Leukocyte and platelet count also remained
within the reference ranges during the whole observation
period. These findings suggest that durvalumab mainte-
nance therapy did not cause any hematological events
within the investigated cohort. Consistent with the TAT-
TON study [11], which describes, among other things,
a very low rate of cytopenia with immunotherapy, the
dynamics of this cohort show promising Hb, leukocyte,
and platelet development.

The course of LDH, which is a ubiquitous and non-spe-
cific marker of cell damage, also suggests good tolerability
of durvalumab. The LDH values show interesting dynam-
ics as there is a statistically significant decrease 3 months
after the start of maintenance therapy when compar-
ing the mean values of LDH (p =0.022). Advanced age
over 65years is associated with higher LDH levels at 9
and 12months in this cohort (p =0.02, p =0.01). This
may be an incidental finding but should also be critically
assessed by long-term observation. This suggests a good
physical tolerability of durvalumab. After a total of 6 and
9months, the LDH value remains stable, the slightly but
non-significant increase after 12 months (p =0.41) must
be evaluated. The stable values for CRP, GOT/GPT, and
creatinine over time also show that hepatotoxic or renal
side effects were unlikely within the investigated cohort.
No subjective symptoms were reported by the patients
in this regard either. These results support the findings
of other studies and underline the good hematological
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tolerability of durvalumab [12-14]. As described in the
results section, two patients (9.0%) showed asympto-
matic hypothyroidism, which is most likely explained by
radiation-induced thyroiditis. Fortunately, substitution
therapy led to normalization of thyroid levels. Thyroid
disorders are frequently described as side effects of dur-
valumab therapy [12, 13, 15, 16]. Therefore, the monitor-
ing of blood parameters during durvalumab maintenance
therapy showed a definite therapeutic benefit for these
patients, as the disorder could be detected and corrected
at an early stage. On average, the dynamics of weight
change shows stabilization and partial improvement of
weight loss. The significant positive correlation between
the number of durvalumab cycles and weight gain
(r =0,502%) at the end of observation suggests a positive
impact of durvalumab therapy on body weight in investi-
gated cohort. Weight gain under CRT alone leads to bet-
ter OS and prolonged distant metastasis-free survival)
[17]. Thus, it can be hypothesized that successful main-
tenance therapy can act as a protective factor regarding
tumor cachexia, which should be investigated in further
studies.

Albumin, weight changes and anemia are indicators
of the nutritional status and potential tumor cachexia
[6, 7, 18]. The dynamic changes in the described cohort
show a stable course, which suggests a continuous
improvement in quality of life. As we demonstrated,
patients recovered from initial anemia and presented
with decent ECOG status and stable BMI 12 months
after initiation of durvalumab therapy. Encouragingly,
marked hypoalbuminemia did not occur in any case.

Known predictive factors such as the mGPS, PTV >700
ccm, elevated LDH levels or a high CAR were not associ-
ated with PFS or OS within the observation period [11-
16, 19-21]. We acknowledge the limitations of the study,
particularly both the small sample size and associated
impact on the statistical analysis as well as the relatively
short follow-up time.

In summary, the cohort showed significant recovery of
anemia to baseline Hb and stable dynamics of LDH lev-
els. Comparison with a historical cohort without immu-
notherapy also showed no significant differences. Thus,
it can be assumed that durvalumab maintenance therapy
is not associated with significant changes in terms of
clinical laboratory parameters. The absence of critical
CRP increase or evidence of significant tumor cachexia
as well as the stable persistence of the other described
parameters underline the tolerability of durvalumab
maintenance therapy. Studies with a longer FU and larger
sample size are pertinent for long-term assessment of
laboratory parameters and more robust statistical analy-
ses to confirm the findings of this study.
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Conclusion

Within 1 year of durvalumab consolidation therapy after
cCRT for inoperable stage III NSCLC, no severe hemato-
logic or organ toxicity was observed by laboratory blood
tests. Patients who received at least 12 cycles of durvalumab
showed significant recovery in hemoglobin levels and body
weight. Prognostic unfavourable markers such as critical
CRP progression or tumor cachexia were not observed.

Abbreviations

AC: Adenocarcinoma; BM: Brain metastasis; BMI: Body-Mass-Index; CAR

: CRP-albumin-ratio; cCRT: Chemoradiotherapy; COPD: Chronic obstructive
pulmonary disease; CRP: C-reactive protein; CT: Computed tomography; DM:
Distant metastases; FU: Follow up; GOT: Glutamic oxaloacetic transaminase; GPT:
Glutamic-pyruvate-transaminase; Hb: Hemoglobin; kg: Kilogram; LCNEC: Large
cell neuroendocrine tumors; LDH: Lactate dehydrogenase; LMU: Ludwig-Maxi-
milians-University; LRR: Local-regional recurrence; mGPS: Glasgow-prognostic-
Scale; MRI: Magnetic resonance imaging; NSCLC: Non-small cell lung cancer; OS:
Overall survival; PD-L1: Programmed cell death ligand 1; PET-CT: Positron emis-
sion tomography-computed tomography; PFS: Progression-free survival; PTV:
Planning target volume; SCC: Squamous cell carcinoma; SD: Standard deviation;
TSH: Thyroid-stimulating hormone; UICC: Union for International Cancer Control.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-022-09395-6.

Additional file 1: Table 1. Mean value of all analyzed parameters,
including range and standard deviation [SD] at all time points (Baseline,
begin durvalumab, 3 months follow up [FU], 6 months FU, 9months FU,
12months FU).

Additional file 2: Table 2. Summary of paired t-tests comparing values
between the defined times of LDH and hemoglobin.

Additional file 3: Table 3. ANOVA analyses on LDH, hemoglobin and TSH
for comparison between defined groups.

Acknowledgements
None.

Authors’ contributions

Data curation: JG, SK, BF, JT and LK; Formal analysis: JG, SK, JT and LK; Investiga-
tion: LK, CE and FM; Methodology: CB and FM; Project administration: CB;
Resources: FM; Supervision: FM; Writing —original draft: JG and SK; Writing
—review & editing: JT, LK, BF, CE, CB and FM. All authors reviewed the final
version of the manuscript and approved the submitted version.

Funding

Open Access funding enabled and organized by Projekt DEAL. This study was
supported by the local Munich Excellence Training Initiative for Physician
Scientists (Metiphys to LK), but had no role in the design of the study and col-
lection, analysis, and interpretation of data and in writing the manuscript. This
research received no external funding.

Availability of data and materials

Data was generated at LMU Hospital Grohadern, Munich. Derived data sup-
porting the findings of this study are available from the corresponding author
on request.

Declarations

Ethics approval and consent to participate
All patients provided signed informed consent. The study was approved
by the Institutional Review Board of the University hospital of the

Page 8 of 9

Ludwig-Maximilians-University (approval number: 17-230) and was con-
ducted according to local and federal regulations and the Declaration of
Helsinki.

Consent for publication
Not Applicable.

Competing interests

The authors declare no conflict of interest. FM receives an Institutional
research grant for participating or running clinical studies from Astrazeneca
(outside of the study mentioned in the manuscript).

Author details

'Department of Radiation Oncology, University Hospital, LMU Munich,
Munich, Germany. ’Comprehensive Pneumology Center Munich (CPC-M),
Member of the German Center for Lung Research (DZL), Munich, Germany.
3German Cancer Consortium (DKTK), Partner Site Munich, Munich, Germany.

Received: 8 August 2021 Accepted: 9 March 2022
Published online: 24 March 2022

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin.
2020;70(1):7-30. https://doi.org/10.3322/caac.21590.

2. Antonia S, et al. Safety and antitumour activity of durvalumab plus
tremelimumab in non-small cell lung cancer: a multicentre, phase 1b
study. Lancet Oncol. 2016;17(3):299-308. https://doi.org/10.1016/S1470-
2045(15)00544-6.

3. Antonia SJ, et al. Durvalumab after Chemoradiotherapy in stage Il non—
small-cell lung Cancer. N Engl J Med. 2017;377(20):1919-29. https://doi.
org/10.1056/nejmoal709937.

4. Kdsmann L, et al. Radiation-induced lung toxicity - cellular and molecular
mechanisms of pathogenesis, management, and literature review. Radiat
Oncol. 2020;15(1):1-16. https://doi.org/10.1186/513014-020-01654-9.

5. Loibl S, et al. Randomized phase Il necadjuvant study (GeparNuevo) to
investigate the addition of durvalumab to a taxane-anthracycline contain-
ing chemotherapy in triple negative breast cancer (TNBC). J Clin Oncol.
2018,;36(15_suppl):104. https://doi.org/10.1200/jc0.2018.36.15_suppl.104.

6. Ledn Mengibar J, et al. Simultaneous onset of type 1 diabetes mellitus
and silent thyroiditis under durvalumab treatment. Endocrinol Diabetes
Metab Case Rep. 2019:19-45. https://doi.org/10.1530/EDM-19-0045.

7. Gordon JN, Green SR, Goggin PM. Cancer cachexia. QJM.
2005;98(11):779-88. https://doi.org/10.1093/gjmed/hci127.

8. Yildirim M, Yildiz M, Duman E, Goktas S, Kaya V. Prognostic importance of
the nutritional status and systemic inflammatory response in non-small
cell lung cancer. J Buon. 2013;18(3):728-32.

9. Taugner J, et al. Durvalumab after chemoradiotherapy for PD-L1 express-
ing inoperable stage Il NSCLC leads to significant improvement of local-
regional control and overall survival in the real-world setting. Cancers
(Basel). 2021;13(7):1-14. https://doi.org/10.3390/cancers13071613.

10. RizviN, et al. Tumor response from durvalumab (MEDI4736) + tremeli-
mumab treatment in patients with advanced non-small cell lung cancer
(NSCLQ) is observed regardless of PD-L1 status. J Immunother Cancer.
2015;3(52):2-3. https://doi.org/10.1186/2051-1426-3-s2-p193.

11. Antonia SJ, et al. Clinical activity, tolerability, and long-term follow-
up of Durvalumab in patients with advanced NSCLC. J Thorac Oncol.
2019;14(10):1794-806. https://doi.org/10.1016/}jth0.2019.06.010.

12. Fujiwara Y, et al. Tolerability and efficacy of durvalumab in Japanese
patients with advanced solid tumors. Cancer Sci. 2019;110(5):1715-23.
https://doi.org/10.1111/cas.14003.

13. HuiR, et al. Patient-reported outcomes with durvalumab after chemora-
diotherapy in stage lll, unresectable non-small-cell lung cancer (PACIFIC):
a randomised, controlled, phase 3 study. Lancet Oncol. 2019;20(12):1670-
80. https://doi.org/10.1016/51470-2045(19)30519-4.

14. Gokbuget N, Hoelzer D. Treatment of adult acute lymphoblastic leukemia.
Semin Hematol. 2009;46(1):64-75. https://doi.org/10.1053/j.seminhemat
01.2008.09.003.

15. Miura, et al. Chemoradiotherapy followed by durvalumab in patients
with unresectable advanced non-small cell lung cancer: management


https://doi.org/10.1186/s12885-022-09395-6
https://doi.org/10.1186/s12885-022-09395-6
https://doi.org/10.3322/caac.21590
https://doi.org/10.1016/S1470-2045(15)00544-6
https://doi.org/10.1016/S1470-2045(15)00544-6
https://doi.org/10.1056/nejmoa1709937
https://doi.org/10.1056/nejmoa1709937
https://doi.org/10.1186/s13014-020-01654-9
https://doi.org/10.1200/jco.2018.36.15_suppl.104
https://doi.org/10.1530/EDM-19-0045
https://doi.org/10.1093/qjmed/hci127
https://doi.org/10.3390/cancers13071613
https://doi.org/10.1186/2051-1426-3-s2-p193
https://doi.org/10.1016/j.jtho.2019.06.010
https://doi.org/10.1111/cas.14003
https://doi.org/10.1016/S1470-2045(19)30519-4
https://doi.org/10.1053/j.seminhematol.2008.09.003
https://doi.org/10.1053/j.seminhematol.2008.09.003

Guggenberger et al. BMC Cancer ~ (2022) 22:317 Page 9 of 9

of adverse events. Thorac Cancer. 2020;11(5):1280-7. https://doi.org/10.
1111/1759-7714.13394.

16. Karin M, et al. Association of planning target volume with patient out-
come in inoperable stage Il NSCLC treated with chemoradiotherapy: a
comprehensive single-center analysis. Cancers (Basel). 2020;12(10):1-14.
https://doi.org/10.3390/cancers12103035.

17. Sher DJ, et al. Prognostic significance of weight gain during definitive
Chemoradiotherapy for locally advanced non-small-cell lung Cancer. Clin
Lung Cancer. 2013;14(4):370-5. https://doi.org/10.1016/j.cllc.2012.10.009.

18. Hoffmann M, et al. Blood parameters demonstrating a significant survival
impact in patients with locally advanced NSCLC undergoing definitive
chemoradiotherapy. Anticancer Res. 2020;40(4):2319-22. https://doi.org/
10.21873/anticanres.14198.

19. LvY,PanY, Dong C, Liu P, Zhang C, Xing D. Modified Glasgow prognostic
score at recurrence predicts poor survival in resected non-small cell lung
cancer (NSCLC) patients. Med Sci Monit. 2017;23:3780-8. https://doi.org/
10.12659/MSM.903710.

20. Koh YW, Lee HW. Prognostic impact of C-reactive protein/albumin
ratio on the overall survival of patients with advanced nonsmall cell
lung cancers receiving palliative chemotherapy. Medicine (Baltimore).
2017;96(19):1-5. https://doi.org/10.1097/MD.0000000000006848.

21. Oxnard GR, et al. TATTON: a multi-arm, phase Ib trial of osimertinib com-
bined with selumetinib, savolitinib, or durvalumab in EGFR-mutant lung
cancer. Ann Oncol. 2020;31(4):507-16. https://doi.org/10.1016/j.annonc.
2020.01.013.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1111/1759-7714.13394
https://doi.org/10.1111/1759-7714.13394
https://doi.org/10.3390/cancers12103035
https://doi.org/10.1016/j.cllc.2012.10.009
https://doi.org/10.21873/anticanres.14198
https://doi.org/10.21873/anticanres.14198
https://doi.org/10.12659/MSM.903710
https://doi.org/10.12659/MSM.903710
https://doi.org/10.1097/MD.0000000000006848
https://doi.org/10.1016/j.annonc.2020.01.013
https://doi.org/10.1016/j.annonc.2020.01.013

	Longitudinal changes of blood parameters and weight in inoperable stage III NSCLC patients treated with concurrent chemoradiotherapy followed by maintenance treatment with durvalumab
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods and patients
	Results
	Patients characteristics
	Hemoglobin
	Lactate dehydrogenase (LDH)
	CRP
	Weight changes and albumin
	Liver function, kidney function and thyroid levels
	Correlation with a historical cohort

	Discussion
	Conclusion
	Acknowledgements
	References


